Open Recipe For A Cell
by Zareena, Mookayi, and Mari
In the living room of Usha, a biologist in Madurai, her daughter Mari and friends Zareena and Mookayi gathered to write about the work they learned from the online webinar by Dr. Kate Adamala, the scientist who led the team that created SpudCell. 
Mari: “You should've been there, Amma, to listen to Dr. Adamala, who created a cell from scratch!”
Usha smiled: “I know her work. But before we get to a SpudCell, let’s make sure we know what a cell is.”
Zar: “So a cell is like a little bag of koozh?” [Ed: koozh is a sticky porridge, or kanji/ganji]
Usha laughed. “That's one way of looking at it! It is a compartment surrounded by a membrane of lipid molecules. It is a crowded factory. You have the ribosome, the machine that makes proteins. And then in eukaryotic cells, there is the Golgi body, or the post office of the cell. It packs proteins and sends them to where they should be. Eukaryote means that the cell has a well-defined central nucleus in which the DNA is present, packed into chromatin fibres. DNA contains the genetic information that decides the traits of the individual. The cell has many small molecules, including sugars, ions, and salts, and large macromolecules such as DNA, RNA, and proteins.”
BOX What are lipids?
Lipids cover many different kinds of molecules, all of which do not mix well in water. Fats like oil and ghee are lipids; these are scientifically called triglycerides. Groundnut and sunflower oil have mostly unsaturated, healthier fats, while coconut oil and ghee have saturated fats, which can raise cholesterol. Note that there can be both good and bad cholesterol, and it is needed by cells in our body to make hormones. In fact, cholesterol is also a lipid. So all lipids are not fats. Cholesterol comes in a category called steroids. Lipids like phospholipids are yet another set of molecules which are important for building cell walls.
END OF BOX
Usha: “For years, scientists have dreamt of creating life from chemicals. Craig Venter and his team took one of the biggest steps.”
Mari: “They built a synthetic cell?”
Usha: “Yes. In 2016, his team published their work in the journal Science. They began with a bacterium that already exists, Mycoplasma mycoides. From the cell, they removed the DNA but left the ribosomes and other cell machinery inside. Then they took the DNA from another organism, Mycoplasma capricolum. They used a heavily modified and lab-synthesized genome and injected it into the empty shell. And so, the new cell, JCVI-syn3.0, was born.”
BOX How the first synthetic cell was formed
Mycoplasma mycoides JCVI-syn1.0 is the first self-replicating bacterial cell controlled by a completely synthetic genome. That is, the entire set of genes (together called genome) is man-made. It was made by a team led by Dr. J. Craig Venter at the J. Craig Venter Institute (JCVI).
First, researchers designed a chromosome on a computer based on the genome of the naturally occurring Mycoplasma mycoides. They chemically built the DNA pieces in a lab and joined them together. They inserted special code in the gene sequence to clearly prove that this was a synthetic genome. They then inserted this genome into the cell of a related natural bacterium called Mycoplasma capricolum, which has its own genome removed. The recipient cell read the new genetic code, discarded its old identity, and began growing and dividing normally under the control of the synthetic instructions. Basically, the synthetic genome (in a natural cell environment) was brought to life.
In 2016, the Venter Institute used genes from JCVI-syn1.0 to synthesize a smaller genome they call JCVI-syn3.0, that contains 531,560 base pairs and 473 genes. They systematically deleted non-essential genes not strictly required for healthy cellular growth. This cell could also self-replicate. This work paved the way to understand the absolute baseline requirements for life.
END OF BOX
Zar: “Like they changed the operating system?”
Usha: “Yes. Their synthetic cell had a minimum of 473 genes. But the thing is, they didn’t stop. The J. Craig Venter Institute broadly patented the methods, synthetic genes, and lab techniques that underlie its work.”
Mooks: “Did they want to own life itself, the building of life?”
Usha: “And that was the problem. It brought up a lot of ethical and legal questions about who could control this new technology.”
“And that’s what makes Dr. Adamala’s work so unique!” said Mari. “She never patented anything. She did the opposite of that, open science.”
Usha: “Yes. However, Dr. Adamala and her team at the University of Minnesota chose a very different path. Rather than tweak an existing cell, the scientists built their synthetic cell from the ground up. It’s called the SpudCell because it looks like a spud or potato. They have been constructed from molecules, which by themselves are not living.”
Mookayi said, “It’s like building a cake from scratch, not just changing the frosting on a cake you bought in the store.”
Usha laughed. “That’s a good comparison! They built a very tiny genome along the way, only 90,000 base pairs, or 36 genes.”
Zar: “But I remember Dr. Adamala saying that there was a big limitation. Has it got no ribosomes?”
Usha: “Yes. Precisely. SpudCell is unable to produce its own ribosomes. They bring in outsiders to do it. They have to ‘feed’ it proteins, nutrients, and ready-made ribosomes to keep it alive,” she explained. “It’s like a car that needs to be constantly refilled with gas and oil. It can run but cannot make its own fuel.”
Mari: “But it can grow. It can reproduce. It can even fight over food. Dr. Adamala showed us a video of them dividing!”
“And that was the breakthrough.” Usha said, "For the first time, a synthetic cell built from non-living components has gone through a life cycle.”
Mooks questioned, “What about the nonprofit they started, Biotic?”
Usha: “Yes. Dr. Adamala and her colleague Dr. Drew Endy are not patenting the tech and keeping it to themselves,” she said. “Instead, through Biotic, they are building a community of scientists to share the ‘recipes’ and make the SpudCells more powerful. They want it to be a shared, open infrastructure for the whole discipline.”
Mari: “Dr. Endy compared their work to the Wright brothers’ first flight at Kitty Hawk. Those 1903 flight trials lasted a maximum of 59 seconds and covered 260 m,” she added, amazed. “Just look at aviation today! This is only the tip of the iceberg.”
Usha: “Oh, it’s a great analogy. SpudCell is the first rough prototype. It demonstrates what is possible,” she continued. “As it goes, one can engineer cells to do some amazing things, like make new kinds of medicines or suck up vast amounts of carbon dioxide out of the atmosphere.”
Zar: “And if it’s open, then other people can work on it!”
Usha: “Yes. Dr. Adamala and her team decided not to patent the SpudCell but to do open science and make this revolutionary technology available for the use of all of humanity, and not just a select few. That is a strong statement about how science should work.”
