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In this short document I show that bases can be formed on meteorites, and by abiotic chemistry, but 

these processes are not what is used by living organisms, because the processes would be very toxic 

to them.  

In living organisms, the four canonical DNA bases — adenine (A), guanine (G), cytosine (C), and 

thymine (T) — are not formed randomly. They are synthesized through tightly regulated metabolic 

pathways that build the base structures step-by-step from simple precursor molecules.  

This amazingly regulated pathway, is completely different to how bases are formed in abiotic 

chemistry – because the goal is not just to make these bases, but to do so in a way that supports the 

health of the organism. 

In cells the genesis of bases requires enzymes for each step – a total of 16 different enzymes! The 

process follows strict sequential logic, where the next step does not start until the previous step is 

complete, and each step requires energy input. 

These enzymes and intermediates are used elsewhere in biology – so they have functions 

independent of base genesis. 

The chemistry is very different for purines (A and G) versus pyrimidines (C and T). 

The steps for bases genesis are the same in both prokaryotes and eukaryotes indicating that these 

processes operated with the first cellular life.  

The extreme goal-directed nature of these processes strongly indicates intelligent design. 

 

   Purine Formation (Adenine and Guanine) 

Purines are built directly onto a ribose sugar. 

The sugar (ribose-5-phosphate) comes from the Pentose Phosphate Pathway. 

Step 1: Ribose activation 

Ribose-5-phosphate is activated to PRPP 

(PRPP = 5-phosphoribosyl-1-pyrophosphate) 

This activation makes the sugar reactive. 

 

Step 2: Stepwise ring construction 

Unlike pyrimidines, the purine ring is assembled piece by piece directly on the sugar. 

Atoms come from: 

• Glycine 



• Glutamine 

• Aspartate 

• CO₂ 

• Formyl groups (from tetrahydrofolate) 

Through ~10 enzyme-controlled steps, the full purine ring is constructed to form: 

IMP (inosine monophosphate) — the first complete purine nucleotide. 

IMP is the branching point: 

• IMP → AMP → Adenine 

• IMP → GMP → Guanine 

 

Key Logic of Purine Synthesis 

Instead of building the base first and attaching it later, the cell: 

1. Activates ribose 

2. Builds the ring onto it atom by atom 

3. Then modifies to produce A or G 

This ensures: 

• High fidelity 

• No free reactive purine intermediates floating around 

• Tight regulation 

 

   Pyrimidine Formation (Cytosine and Thymine) 

Pyrimidines are built first as complete rings, and only later attached to ribose. 

Step 1: Ring formation 

The ring is formed from: 

• Carbamoyl phosphate 

• Aspartate 

These combine to form orotate. 

 

Step 2: Attach to ribose 

Orotate is attached to PRPP (activated ribose), forming: 

OMP (orotidine monophosphate) 



OMP → UMP (uridine monophosphate) 

 

Step 3: Modification to C and T 

• UMP → CTP → Cytosine 

• For DNA: 

UDP → dUDP → dUMP → dTMP (thymine) 

The methyl group that converts uracil to thymine comes from folate metabolism. 

 

Why Thymine Instead of Uracil in DNA? 

Uracil is the natural RNA base. 

DNA uses thymine instead to allow detection of cytosine deamination damage. 

This repair system is essential for genomic stability. 

 

Summary Table 

Base Type Built How? 

Adenine Purine Built atom-by-atom on ribose 

Guanine Purine Built atom-by-atom on ribose 

Cytosine Pyrimidine Ring built first, then attached 

Thymine Pyrimidine Modified from uracil 

 

Important Concept 

These bases are not synthesized as free molecules and then randomly incorporated. 

Instead: 

• They are synthesized as nucleotides 

• Activated as triphosphates (ATP, GTP, CTP, dTTP) 

• Directly fed into polymerases 

The system is: 

• Enzyme-mediated 

• Energy-driven 

• Sequential 

• Highly regulated 



 

  



Enzymes Required for Each Step? 
 

Below is a clear, step-by-step list of de novo purine and pyrimidine synthesis in living cells, including 

the key enzyme at each step. 

I’ll separate: 

• Purine synthesis (A, G) – ring built on ribose 

• Pyrimidine synthesis (C, T) – ring built first, then attached 

 

  PURINE SYNTHESIS (Adenine & Guanine) 

Purines are built directly on PRPP (activated ribose). 

Ribose-5-phosphate comes from the Pentose Phosphate Pathway. 

 

Formation of IMP (Inosine Monophosphate) 

IMP is the first complete purine nucleotide. 

Step 1 

Ribose-5-phosphate → PRPP 

Enzyme: PRPP synthetase 

 

Step 2 

PRPP → 5-phosphoribosylamine (PRA) 

Enzyme: Glutamine-PRPP amidotransferase 

(committed, rate-limiting step) 

 

Step 3 

PRA → GAR (glycinamide ribonucleotide) 

Enzyme: GAR synthetase 

 

Step 4 

GAR → FGAR (formyl-GAR) 

Enzyme: GAR transformylase 

 

Step 5 



FGAR → FGAM 

Enzyme: FGAM synthetase 

 

Step 6 

FGAM → AIR (5-aminoimidazole ribonucleotide) 

Enzyme: AIR synthetase 

 

Step 7 

AIR → CAIR 

Enzyme: AIR carboxylase 

 

Step 8 

CAIR → SAICAR 

Enzyme: SAICAR synthetase 

 

Step 9 

SAICAR → AICAR 

Enzyme: Adenylosuccinate lyase 

 

Step 10 

AICAR → FAICAR 

Enzyme: AICAR transformylase 

 

Step 11 

FAICAR → IMP 

Enzyme: IMP cyclohydrolase 

 

Branching from IMP 

IMP → AMP (Adenine branch) 

1. IMP → Adenylosuccinate 

Enzyme: Adenylosuccinate synthetase 

2. Adenylosuccinate → AMP 

Enzyme: Adenylosuccinate lyase 

 



IMP → GMP (Guanine branch) 

1. IMP → XMP 

Enzyme: IMP dehydrogenase 

2. XMP → GMP 

Enzyme: GMP synthetase 

 

  PYRIMIDINE SYNTHESIS (Cytosine & Thymine) 

Pyrimidines are built as a ring first, then attached to PRPP. 

 

Formation of UMP 

Step 1 

Glutamine + CO₂ + ATP → Carbamoyl phosphate 

Enzyme: Carbamoyl phosphate synthetase II (CPS II) 

(committed step) 

 

Step 2 

Carbamoyl phosphate + Aspartate → Carbamoyl aspartate 

Enzyme: Aspartate transcarbamoylase 

 

Step 3 

Carbamoyl aspartate → Dihydroorotate 

Enzyme: Dihydroorotase 

 

Step 4 

Dihydroorotate → Orotate 

Enzyme: Dihydroorotate dehydrogenase 

 

Step 5 

Orotate + PRPP → OMP (orotidine monophosphate) 

Enzyme: Orotate phosphoribosyltransferase 

 

Step 6 

OMP → UMP 

Enzyme: OMP decarboxylase 



 

Conversion to Cytosine 

UMP → UDP → UTP 

Enzymes: Nucleotide kinases 

UTP → CTP 

Enzyme: CTP synthetase 

 

Formation of Thymine (DNA only) 

RNA uses uracil. DNA uses thymine. 

Step 1 

UDP → dUDP 

Enzyme: Ribonucleotide reductase 

 

Step 2 

dUDP → dUMP 

 

Step 3 

dUMP → dTMP 

Enzyme: Thymidylate synthase 

(Methyl group from folate metabolism) 

 

Key Structural Difference 

Feature Purines Pyrimidines 

Ring built on sugar? Yes No 

Ring built first? No Yes 

First complete product IMP UMP 

Committed step enzyme Glutamine-PRPP amidotransferase CPS II 

 

Important Observations 

• Both pathways are energy intensive 

• Both are multi-enzyme, sequential systems 



• Both are tightly regulated by feedback inhibition 

• Free bases are rarely allowed to accumulate 

  



Why are bases formed in steps for their ring structure? 

 

Nitrogenous bases are formed in stepwise reactions because building a heterocyclic ring (like a 

purine or pyrimidine) requires: 

1. Correct atom placement 

2. Controlled bond formation 

3. Energetically manageable transitions 

4. Avoidance of incorrect side products 

Let’s unpack this logically. 

 

   Rings cannot appear in one jump 

DNA/RNA bases are heterocyclic aromatic rings: 

• Purines (adenine, guanine) → fused double ring 

• Pyrimidines (cytosine, uracil, thymine) → single ring 

Forming such rings requires: 

• Multiple C–N and C–C bonds 

• Precise positioning of nitrogen atoms 

• Correct double bond placement for aromatic stability 

You cannot form 6 bonds simultaneously in a single collision — chemistry proceeds via two-body 

interactions, meaning one bond forms at a time. 

So ring construction must proceed stepwise. 

 

   Orbital alignment requires intermediate stabilization 

To close a ring: 

• Atoms must first be arranged linearly or in partial structures 

• Functional groups must be activated 

• Electrons must be positioned correctly for nucleophilic attack 

If you tried to close the ring all at once: 

• Orbitals would not align properly 

• Transition state energy would be enormous 

• Reaction probability would be near zero 



Stepwise reactions allow: 

• Stabilized intermediates 

• Lower activation barriers 

• Thermodynamic guidance toward the correct structure 

 

   Nitrogen placement must be precise 

In purines especially, each nitrogen comes from a specific precursor: 

For example in biological synthesis: 

• Some N atoms come from amino acids like glycine 

• Some come from glutamine 

• Some from aspartate 

• Some from CO₂ 

These are inserted one at a time. 

If added randomly: 

• Wrong isomers would dominate 

• Non-aromatic unstable rings would form 

Stepwise control ensures: 

• Correct atom identity 

• Correct ring topology 

• Proper aromaticity 

 

   Aromaticity only stabilizes at the end 

Aromatic stabilization (Hückel 4n+2 rule) only occurs once the ring is fully conjugated. 

Before that: 

• Intermediates are not aromatic 

• They are often unstable 

• They must be stabilized by enzymes (in biology) or by favorable reaction conditions 

(abiotically) 

So stepwise construction is necessary to: 

• Gradually approach aromatic stabilization 

• Avoid high-energy dead-end structures 



 

   Even abiotically, stepwise chemistry dominates 

In prebiotic chemistry experiments (like those of Stanley Miller), bases also form through multistep 

reaction networks, not single-step events. 

For example: 

• Hydrogen cyanide polymerizes 

• Forms intermediates like aminomalononitrile 

• Cyclizes 

• Rearranges 

• Oxidizes 

• Eventually yields adenine 

This multi-step pathway emerges because: 

• Chemical reactions operate through incremental bond changes 

• Transition states must remain energetically accessible 

 

   Information fidelity requires structural specificity 

Because bases are used for: 

• Base pairing 

• Hydrogen bonding geometry 

• Polymerase recognition 

Their exact ring geometry matters. 

Stepwise synthesis allows: 

• Error correction (in biology) 

• Selective reaction channels 

• Enzymatic discrimination 

 

Core Physical Reason 

The deepest reason is this: 

Chemistry is constrained to local electron rearrangements. 

Large topological changes (like ring formation) must emerge from sequential small bond changes. 

There is no mechanism in normal chemistry for six atoms to spontaneously organize and bond 

simultaneously in one perfect quantum event under biological conditions. 



 

Short Summary 

Bases are formed in steps because: 

• Bonds form one at a time 

• Transition states must be energetically accessible 

• Nitrogen placement must be controlled 

• Aromatic stabilization only occurs at completion 

• Chemistry proceeds through local electron movements 

Stepwise synthesis isn’t just biological — it’s a fundamental constraint of molecular physics. 
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Did bases form spontaneously in abiotic experiments? 

 

Yes — nucleobases have formed spontaneously in abiotic (prebiotic simulation) experiments. 

However, the yields, conditions, and purity vary significantly depending on the setup. 

Let’s break it down clearly. 

 

   Adenine from Hydrogen Cyanide (HCN) 

One of the most famous results: 

In 1961, Joan Oró showed that: 

Concentrated hydrogen cyanide solutions can spontaneously form adenine. 

The chemistry works roughly like this: 

• HCN polymerizes 

• Forms intermediates (e.g., aminomalononitrile) 

• Cyclizes and rearranges 

• Produces adenine 

Yield: typically low (often <1%), but real and reproducible. 

This was important because HCN is: 

• Cosmically abundant 

• Produced in lightning and UV-driven atmospheres 

• Found in comets and meteorites 

 

   Miller-Type Experiments 

In spark discharge experiments like those of Stanley Miller, complex organics formed, including: 

• Amino acids (abundant) 

• Some nucleobase precursors 

• Small amounts of purines and pyrimidines in modified setups 

Classic Miller experiments did not produce large amounts of complete bases initially, but later 

variations did. 

 

   Formamide Chemistry 

Heating formamide (HCONH₂) under: 



• UV radiation 

• Mineral catalysis (e.g., clays, metal oxides) 

• Moderate heating 

Produces: 

• Adenine 

• Guanine 

• Cytosine 

• Uracil 

This chemistry has been explored extensively by Antonio Lazcano and John Sutherland (though 

Sutherland is more known for nucleotide synthesis pathways). 

Formamide is attractive because: 

• It contains both carbon and nitrogen 

• It concentrates easily by evaporation 

• It avoids the extreme toxicity/polymer chaos of HCN pools 

 

   Meteorite Evidence 

The Murchison meteorite contains: 

• Adenine 

• Guanine 

• Hypoxanthine 

• Xanthine 

This shows bases can form in space without biology. 

 

5️⃣ Important Qualifications 

✔ Yes, bases form. 

✖ But yields are modest. 

✖ Mixtures are messy. 

✖ Many side products form. 

Also: 

• Cytosine is unstable in water (deaminates) 

• Ribose formation is difficult 



• Forming nucleotides (base + sugar + phosphate) is much harder than forming bases alone 

 

   What This Means 

Abiotic chemistry can generate: 

• The correct ring structures 

• Without enzymes 

• From simple feedstocks (HCN, formamide, small nitriles) 

However: 

• Concentration mechanisms are required 

• Environmental cycling (wet-dry, freeze-thaw, UV) likely mattered 

• Selectivity remains a major research topic 

 

Short Answer 

Yes — nucleobases do form spontaneously in abiotic experiments, and even in meteorites. 

But: 

Spontaneous ≠ high yield 

Spontaneous ≠ clean synthesis 

Spontaneous ≠ full nucleotide formation 

 

  



Once cells are present, can bases still be created by the HCN or formaldehyde 

methods? 

 

Short answer: not in any meaningful or beneficial way once cells exist. 

Once living cells are present, nucleobases are made almost entirely through tightly regulated 

metabolic pathways — not through free HCN or formaldehyde chemistry. 

Let’s break it down carefully. 

 

   HCN Chemistry Inside Cells? 

The classic adenine-from-HCN reaction (shown by Joan Oró) requires: 

• High concentrations of hydrogen cyanide 

• Long reaction times 

• Often heating or evaporation 

• No competing scavengers 

Inside cells: 

• HCN is extremely toxic 

• It binds cytochrome oxidase 

• It shuts down respiration 

• It would kill the cell before doing useful chemistry 

Cells keep cyanide levels essentially at zero. 

Also: 

• The cytoplasm is dilute 

• Full of nucleophiles 

• Full of enzymes that would intercept intermediates 

• Highly buffered and regulated 

HCN polymer chemistry would be completely suppressed. 

So biologically?   No. 

 

   Formaldehyde Chemistry in Cells? 

Formaldehyde can produce sugars via the formose reaction in prebiotic chemistry. 

But inside cells: 



• Formaldehyde is reactive and damaging 

• It crosslinks proteins and DNA 

• It is rapidly detoxified 

Cells actively remove formaldehyde using specific enzymes. 

Free formose-type chemistry would: 

• Produce random sugars 

• Destroy macromolecules 

• Disrupt metabolism 

Again:   Not compatible with living cytoplasm. 

 

   How Cells Actually Make Bases 

Cells synthesize nucleobases via: 

• Stepwise enzymatic pathways 

• Atom-by-atom construction 

• Activated intermediates 

For example: 

• Purines are built onto ribose-5-phosphate 

• Pyrimidines are built first, then attached to ribose 

These pathways are: 

• High fidelity 

• High yield 

• Energy-coupled 

• Highly regulated 

This is fundamentally different from uncontrolled polymerization chemistry. 

 

   Why Prebiotic Chemistry Stops After Life Appears 

Once cells exist, they: 

• Control chemical composition 

• Buffer pH 

• Maintain low concentrations of reactive toxins 

• Outcompete random chemistry 



Prebiotic chemistry requires: 

• Concentration 

• Evaporation 

• UV 

• Heat cycling 

• Lack of regulation 

Cells suppress exactly those conditions. 

So after life emerges: 

Biochemistry replaces geochemistry. 

 

   Could It Happen Outside Cells After Life Exists? 

Yes — in the environment: 

• HCN chemistry could still occur in lakes 

• Formaldehyde reactions could still happen in drying pools 

But inside cells? Essentially impossible in a functional sense. 

 

   Deeper Principle 

Prebiotic chemistry relies on: 

• Chemical freedom 

• High reactivity 

• No regulation 

Life depends on: 

• Controlled reactivity 

• Selective catalysis 

• Suppression of side reactions 

They are chemically opposite regimes. 

 

Final Answer 

Once cells are present: 

• HCN-based nucleobase synthesis → biologically incompatible 

• Formaldehyde-based chemistry → toxic and suppressed 



• Bases are instead made via enzymatic metabolic pathways 

Prebiotic chemistry does not continue inside living systems because living systems are designed to 

prevent exactly that kind of uncontrolled chemistry. 

  



Is the formation of bases in cells following a sequential logic? If so, 

please indicate how? 

 

Yes — pyrimidine (and purine) formation in cells follows strict sequential logic. 

Each step creates the chemical precondition required for the next step. If you disrupt the order, the 

pathway fails. 

Let’s show this concretely using the pyrimidine pathway. 

 

What “Sequential Logic” Means in Chemistry 

Sequential logic = 

Step N must complete before Step N+1 can occur because the product of N is the substrate of N+1. 

This is not just chronological — it is chemically constrained. 

 

De Novo Pyrimidine Synthesis (Example) 

In organisms like Escherichia coli and Homo sapiens, the pathway to UMP follows this order: 

 

Step 1: Carbamoyl Phosphate Formation 

Why first? 

• Provides an activated carbonyl + nitrogen donor 

• Without this activation, the next condensation cannot occur 

If you try to add aspartate first → nothing happens. 

There is no electrophile to attack. 

 

Step 2: Aspartate Transcarbamoylation 

Carbamoyl phosphate + aspartate → carbamoyl aspartate 

Why second? 

• Now the carbon skeleton for the ring exists. 

• The amide linkage positions atoms correctly for ring closure. 

Without this step: 

• There is no backbone for a pyrimidine ring. 

 

Step 3: Ring Closure 



Dihydroorotate is formed. 

Why here? 

• The molecule now contains: 

o Proper nitrogen placement 

o Carbonyl alignment 

o Correct geometry for cyclization 

Before this point: 

• Ring closure is chemically impossible. 

 

Step 4: Oxidation 

Dihydroorotate → orotate 

Why after ring formation? 

• Aromatic stabilization requires oxidation. 

• You cannot oxidize a ring that does not yet exist. 

 

Step 5: Ribose Attachment 

Orotate + PRPP → OMP 

Why not earlier? 

• Ribose is attached only after the ring is complete. 

• Premature ribose attachment would: 

o Destabilize intermediates 

o Block ring formation 

o Waste activated PRPP 

 

Step 6: Decarboxylation 

OMP → UMP 

Why last? 

• The carboxyl group stabilizes earlier intermediates. 

• Removing it too early would destabilize the ring formation steps. 

 

Why This Is True Sequential Logic 



Each step: 

1. Creates a structural feature required for the next step 

2. Lowers activation energy for the following transformation 

3. Prevents side reactions 

4. Uses energy coupling where needed 

You cannot shuffle the steps arbitrarily. 

 

Control Logic Overlay 

In bacteria like Escherichia coli: 

• The first committed step is regulated 

• UTP inhibits early enzymes (feedback inhibition) 

• CTP regulates branch conversion 

This introduces: 

• Conditional control 

• Feedback logic 

• Rate limiting 

But the chemical order itself is still strictly sequential. 

 

Important Clarification 

Sequential ≠ “intelligently planned” 

It means: 

Chemical necessity enforces ordering. 

The pathway evolved to match what chemistry allows: 

• Activation before condensation 

• Skeleton before cyclization 

• Ring before aromatic stabilization 

• Base before sugar attachment 

 

Comparison With Purines 

Purine synthesis is even more sequential: 

• Built atom-by-atom directly onto ribose 



• ~10 steps 

• Each nitrogen inserted at a specific stage 

• Several ATP-dependent activation events 

Even stronger sequential dependence. 

 

Short Answer 

Yes — base formation in cells follows strict sequential logic because: 

• Each step creates the chemical conditions required for the next. 

• The order cannot be rearranged without breaking the pathway. 

• Regulation overlays this with feedback control. 

  



Are the intermediates or enzymes used elsewhere in biology? 

 

Yes — extensively. 

Both the intermediates and the enzymes (or their catalytic domains) in pyrimidine synthesis are 

deeply integrated into broader metabolism. 

This is one of the strongest indications that metabolic pathways are networked, not isolated chains. 

Let’s examine both levels. 

 

   Intermediates Used Elsewhere 

Carbamoyl Phosphate 

Made by carbamoyl phosphate synthetase. 

Used in: 

• Pyrimidine synthesis 

• The Urea cycle (in animals) 

In mammals like Homo sapiens, there are actually two CPS enzymes: 

• One mitochondrial (urea cycle) 

• One cytosolic (pyrimidines) 

Same chemistry, different compartment. 

 

Aspartate 

Comes from central metabolism: 

• TCA cycle (via oxaloacetate) 

• Amino acid metabolism 

Used for: 

• Protein synthesis 

• Purine synthesis 

• NAD biosynthesis 

• Pyrimidines 

It’s a major metabolic hub. 

 

Dihydroorotate / Orotate 



Orotate can accumulate in metabolic disorders. 

It also connects to: 

• Mitochondrial electron transport (because dihydroorotate dehydrogenase is linked to the 

respiratory chain) 

So pyrimidine synthesis is literally coupled to cellular respiration. 

 

PRPP (Phosphoribosyl Pyrophosphate) 

This is a huge metabolic node. 

PRPP is used for: 

• Purine synthesis 

• Pyrimidine salvage 

• Histidine synthesis 

• Tryptophan synthesis 

• NAD synthesis 

It connects nucleotide metabolism to sugar metabolism. 

 

UMP → UDP → UTP 

UTP is used for: 

• RNA synthesis 

• Glycogen biosynthesis (via UDP-glucose) 

• Glycoprotein synthesis 

• Lipid metabolism (CDP-diacylglycerol formation) 

So the pathway feeds into: 

• Energy metabolism 

• Structural metabolism 

• Information storage 

 

   Are the Enzymes Used Elsewhere? 

Sometimes yes, sometimes partially. 

Carbamoyl Phosphate Synthetase 

Two major isoforms in animals: 



• CPS I → urea cycle 

• CPS II → pyrimidine synthesis 

Same fundamental catalytic logic reused in different contexts. 

 

Aspartate Transcarbamoylase 

More pathway-specific, but: 

• Shares structural homology with other transferases 

• Is a classic model for allosteric regulation 

In fact, ATCase from Escherichia coli is one of the best-studied regulatory enzymes in biochemistry. 

 

Dihydroorotate Dehydrogenase (DHODH) 

Linked to: 

• Mitochondrial electron transport chain 

In humans: 

• It transfers electrons to ubiquinone 

• Thus it is integrated into respiration 

This makes nucleotide production energy-status dependent. 

 

UMP Synthase 

Bifunctional enzyme in mammals: 

• Phosphoribosyltransferase 

• Decarboxylase 

Its catalytic domains resemble enzymes in other nucleotide pathways. 

 

   Systems-Level Insight 

Pyrimidine synthesis is not a standalone module. 

It is integrated with: 

• Nitrogen metabolism 

• TCA cycle 

• Electron transport chain 

• Sugar metabolism (pentose phosphate pathway) 



• Amino acid metabolism 

It sits at a metabolic crossroads. 

 

   Evolutionary Implication 

This reuse suggests: 

• Pathways did not appear fully isolated 

• Enzymes were repurposed and modified 

• Metabolism evolved as an interconnected network 

Rather than independent inventions. 

 

Short Answer 

Yes — most intermediates are major metabolic hubs, and several enzymes (or their catalytic 

architectures) are reused or closely related to enzymes in other pathways. 

Pyrimidine synthesis is embedded deeply into core metabolism, not chemically isolated. 

  



The cellular processes for the genesis of A C T and G are the same in 

prokaryotes as in eukaryotes? 

 

Yes — the overall logic and sequence of de novo nucleotide biosynthesis is conserved between 

prokaryotes and eukaryotes, but there are some important differences in organization, 

compartmentalization, and enzyme architecture. 

Let’s go through it carefully. 

 

   Purine vs Pyrimidine Pathways 

• Pyrimidines (C, U, T): built stepwise, ring first, then attached to ribose (PRPP). 

• Purines (A, G): built atom-by-atom directly onto ribose (PRPP). 

Both types exist in prokaryotes and eukaryotes, and the chemical steps are essentially identical. 

 

   Differences in Organization 

Feature 
Prokaryotes (e.g., E. 

coli) 
Eukaryotes (e.g., humans) 

Compartmentalization Everything in cytosol 
Pyrimidine enzymes mostly in cytosol; 

dihydroorotate dehydrogenase in mitochondria 

Multi-step enzymes 
Often separate 

polypeptides 

Many steps fused into multifunctional proteins (e.g., 

CAD in humans for first 3 pyrimidine steps) 

Regulation 
Allosteric 

inhibition/feedback 

Same principles, but more integration with cell cycle 

and energy status 

Purine ring assembly 
Stepwise, individual 

enzymes 
Same chemistry, often in multifunctional complexes 

Key point: the chemical steps are the same; only the enzyme organization and localization differ. 

 

   Examples for Pyrimidine Bases 

Cytosine (C) 

• Produced from UMP → UDP → UTP → CTP 

• Same in prokaryotes and eukaryotes 

• Enzymes may be fused (eukaryotes) or separate (prokaryotes) 

Thymine (T) 



• Produced only for DNA 

• Eukaryotes: dUMP → dTMP via thymidylate synthase (TS) in nucleus/cytosol 

• Prokaryotes: similar reaction in cytosol 

• Both require methyl donor (N5,N10-methylene-THF) 

 

   Examples for Purine Bases 

Adenine (A) & Guanine (G) 

• Built from PRPP + glutamine + glycine + aspartate + CO₂ + formyl groups 

• Stepwise ring assembly, same order in prokaryotes and eukaryotes 

• Enzyme organization differs: 

o E. coli: 10–11 separate enzymes 

o Humans: multifunctional enzyme complexes 

 

   Salvage Pathways 

• Both cell types recycle free bases using phosphoribosyltransferases: 

o Adenine → AMP 

o Guanine → GMP 

o Hypoxanthine → IMP 

• Same basic reactions in both domains. 

 

   Regulatory Differences 

• Eukaryotes: additional control through compartmentalization, cell cycle signals, and energy 

status. 

• Prokaryotes: simpler allosteric regulation; highly sensitive to end-product levels. 

Chemically, however, the substrates, intermediates, and sequential logic are identical. 

 

   Bottom Line 

• The chemical steps for forming A, C, T, and G are conserved. 

• Differences are mainly in enzyme fusion, cellular compartmentalization, and regulation, not 

in the chemistry itself. 

• Both prokaryotes and eukaryotes follow strict sequential logic in base synthesis. 


