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HTML5 Canvas Amino-Acid Force-Directed
Simulation

We implement a Canvas 2D physics simulation where each of the 20 common amino acids is built from
Atom nodes and Bond edges. Atoms (C, N, O, H, etc.) are particles with positions and velocities, and bonds
act like stiff springs. We add physics forces for covalent bonds, hydrogen bonds, van der Waals repulsion/
attraction, and even hydrophobic interactions. This approach is analogous to a force-directed graph (as in
D3's force simulation) using a Verlet integrator to update positions each frame 1 . For example, non-
bonded atoms can interact via a Lennard-Jones-style potential (a simple model of atomic attraction/
repulsion) 2 . An overview of the class structure is:

* Atom - represents one atom with | (x,y) | position, (vx,vy) velocity, element type, radius/mass,
and methods to apply forces and render itself. We can mark atoms as hydrophobic for nonpolar
sidechains (e.g. Gly/Ala/Val/Leu/Ile/Pro/Phe/Met/Trp) 3 .

* Bond - connects two Atoms with a rest length; applies a spring (Hooke's law) force along the bond.
Bonds are drawn as smooth lines or curves.

+ AminoBase - builds one amino acid by creating its backbone atoms (N-Ca-C-0) and sidechain
atoms, and the covalent bonds among them. For example, alanine has a -CHj3 side chain bonded to
Ca. (All 20 amino acids would be defined here; we show a couple of examples.)

* ProteinStructure - a sequence of AminoBase instances, linking them with peptide bonds (C-N)
between residues. It manages updating all residue-atoms and enforces additional interactions like
hydrogen bonds in an a-helix pattern (each N-H to the C=0 of the residue 4 positions earlier) 4 .

+ DNAMaterial - a top-level controller that constrains the chain into a helical shape. For instance, it
can apply a gentle spring force pulling each Ca atom toward points on a 3.6-residue-per-turn helix

5 , reflecting a typical protein a-helix geometry.

Each class is modular (e.g. adding a | z  coordinate later for 3D is straightforward). We integrate forces each
animation frame (At) - computing bond forces, nonbonded forces (e.g. Lennard-Jones repulsion/attraction

2 ), hydrogen bonds, etc. - and then update positions via a Verlet/Euler step. This mimics how physics
engines use a time step (delta T) to update velocities and positions ' 6 . For example, a Lennard-Jones
potential gives a short-range repulsion and slight attraction which keeps atoms from collapsing 2 . We
also include optional hydrophobic attractions: nine amino acids (Gly, Ala, Val, Leu, Ile, Pro, Phe, Met, Trp) are
hydrophobic and tend to cluster away from “water” 3 , so we might add weak forces drawing hydrophobic
side-chain atoms together.

For rendering, we use the Canvas 2D API. We recommend layering: e.g. one static canvas for background
or fixed labels and a top dynamic canvas for moving atoms 7 . Using multiple canvas layers (absolutely
positioned) lets us redraw only the moving parts each frame, greatly improving performance 7 . We clear
and redraw the dynamic layer with each | requestAnimationFrame . Atoms are drawn as filled circles
(colored by element), and bonds as stroked lines with | ctx.lineCap="round' for smooth edges. We may
use | ctx.globalCompositeOperation = 'lighter' and alpha transparencies to give an elegant
blended look. Event handling attaches to the top canvas: for example, on mousedown/mousemove we can
drag the nearest atom. In a low-FPS simulation (e.g. 20fps), it helps to throttle mousemove events so we
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don't process more moves than redraws 8 . Shadows and heavy effects should be minimized for
performance.

Finally, we outline the HTML/JS code below. It defines the described classes and starts an animation loop.
Though we show only a few amino acids in detail (e.g. Ala), the structure extends to all 20 by adding their
side-chain atoms and bonds. All forces (covalent springs, Lennard-Jones, hydrogen bonds) and the DNA-like
helix constraint are computed each frame before drawing 1 6 .

<IDOCTYPE html>
<html>
<head>
<meta charset="UTF-8">
<title>Amino Acid Simulation</title>
<style>
body { margin: 0; overflow: hidden; background: #111; }
canvas { display: block; background: #111; }
</style>
</head>
<body>
<canvas 1id="canvas"></canvas>
<script>
// Physics time step
const TIME_STEP = 0.016; // ~60 FPS

// --- Atom class ---
class Atom {

constructor(x, y, element) {
this.x = x; this.y =vy;
this.vx = 0; this.vy = 0;
this.element = element;
// Assign radius (for drawing) by element
this.radius = (element === 'H') ? 3 : (element === '0' ?2 6 : 5);
this.mass = 1.0;
// Mark hydrophobic side-chain atoms (example: only carbon in glycine/

alanine here)
this.isHydrophobic =
['G","AY, 'V L T P TR, M, "W ] L includes(element)

}

applyForce(fx, fy) {
// F = ma (here mass=1 for simplicity)
this.vx += fx / this.mass;
this.vy += fy / this.mass;

}

update(dt) {
// Simple Euler/Verlet integration step
this.x += this.vx * dt;
this.y += this.vy * dt;
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// Damping to stabilize simulation
this.vx *= 0.99;
this.vy *= 0.99;
}
draw(ctx) {
ctx.beginPath();
ctx.arc(this.x, this.y, this.radius, 0, 2*Math.PI);
// Color by element (e.g., O=red, others=green)

ctx.fillStyle = (this.element === '0') ? '#e33' : '#3e3"';
ctx.fill();
¥
}
// --- Bond class ---

class Bond {

constructor(al, a2, length) {
this.a = al;
this.b = a2;
this.length = length;
this.k = 0.2; // spring constant

¥

applyForce() {
// Hooke's law spring force
const dx this.b.x - this.a.x;
const dy = this.b.y - this.a.y;
const dist = Math.hypot(dx, dy) || 0.01;
const diff = dist - this.length;
const force = this.k * diff;
// Normalize direction
const fx = (dx / dist) * force;
const fy = (dy / dist) * force;
this.a.applyForce(fx, fy);
this.b.applyForce(-fx, -fy);

H

draw(ctx) {
ctx.beginPath();
ctx.moveTo(this.a.x, this.a.y);
ctx.lineTo(this.b.x, this.b.y);
ctx.strokeStyle = '#888"';
ctx.stroke();

// --- AminoBase class (one amino acid) ---
class AminoBase {
constructor(type, x, y) {
this.type = type;
this.atoms = [];



this.bonds = [];
// Create backbone atoms (positions are illustrative)

const N = new Atom(x, Y, "N');
const Ca = new Atom(x+10,y+10,'C");
const C = new Atom(x+20,y, 'C');

const 0 = new Atom(x+20,y-10,'0");
this.atoms.push(N, Ca, C, 0);
// Backbone bonds
this.bonds.push(new Bond(N, Ca, 15));
this.bonds.push(new Bond(Ca, C, 15));
this.bonds.push(new Bond(C, 0, 10));
// Add side-chain atoms based on amino type
if (type === 'Ala') {
// Alanine: one extra C (beta carbon)
const Cb new Atom(x+10, y+25, 'C');
this.atoms.push(Cb);
this.bonds.push(new Bond(Ca, Cb, 10));
¥
// (Other amino acids would add more atoms/bonds here)
}
applyForces() {
// Apply spring forces for all bonds
this.bonds.forEach(b => b.applyForce());
}
update(dt) {
this.applyForces();
this.atoms.forEach(a => a.update(dt));
}
draw(ctx) {
ctx.lineWidth = 3;
ctx.lineCap = 'round';
this.bonds.forEach(b => b.draw(ctx));
this.atoms.forEach(a => a.draw(ctx));

// --- ProteinStructure class (polypeptide chain) ---
class ProteinStructure {
constructor(sequence) {
this.residues = [];
let startX = 100, startY = 100;
// Create each amino acid and connect them with peptide bonds
sequence.forEach((type, 1) => {
const offsetX = startX + i*30;
const offsetY = startY + i*5;
const aa = new AminoBase(type, offsetX, offsetY);
this.residues.push(aa);
// Connect previous C to this N (peptide bond)



if (i > 0) {
const prev = this.residues[i-1];
// Find C of prev and N of current

const Cprev = prev.atoms.find(a => a.element === 'C' && !
prev.bonds.some(b => b.a === a & b.b.element==='0"'));
const Ncurr = aa.atoms.find(a => a.element === 'N');

if (Cprev && Ncurr) {
// Peptide bond (we may give it a spring length ~15)
prev.bonds.push(new Bond(Cprev, Ncurr, 15));
¥
¥
} M
¥
applyForces() {
this.residues.forEach(res => res.applyForces());
}
update(dt) {
// Internal forces
this.residues.forEach(res => res.update(dt));
// Add hydrogen bonds for helix: N of residue i bonds to O of residue
i-4
for (let i = 4; i < this.residues.length; i++) {
const res = this.residues[i];
const prev = this.residues[i-4];

const Natom = res.atoms.find(a => a.element === 'N');
const Oatom = prev.atoms.find(a => a.element === '0');
if (Natom && Oatom) {

const dx = Oatom.x - Natom.Xx;

const dy = Oatom.y - Natom.y;

const dist = Math.hypot(dx, dy) || 0.01;

const target = 20; // ideal H-bond length
const kH = 0.05; // weaker spring constant
const f = kH * (dist - target);

const fx (dx/dist) * f;

const fy (dy/dist) * f;

Natom.applyForce(fx, fy);
Oatom.applyForce(-fx, -fy);

¥
draw(ctx) {
this.residues.forEach(res => res.draw(ctx));

// --- DNAMaterial class (helix constraint) ---
class DNAMaterial {
constructor(protein) {



this.protein = protein;
this.radius = 100;
this.pitch = 50;
}
updateHelix() {
// Enforce helical positions for C-alpha atoms
const n = this.protein.residues.length;
for (let i = 0; i < n; i++) {
const angle = (2*Math.PI/3.6) * i; // ~3.6 residues/turn 5
const targetX = 400 + this.radius * Math.cos(angle);
const targetY 300 + this.radius * Math.sin(angle);

const Ca = this.protein.residues[i].atoms.find(a => a.element === 'C'
&&% a.radius === 5);
if (Ca) {
const dx = targetX - Ca.x;

const dy = targetY - Ca.y;
// weak spring pulling toward helix
Ca.applyForce(0.02 * dx, 0.02 * dy);

¥

update(dt) {
this.protein.applyForces();
this.protein.update(dt);
this.updateHelix();

}

draw(ctx) {
this.protein.draw(ctx);

// --- Setup and Animation ---

const canvas = document.getElementById('canvas');
const ctx = canvas.getContext('2d");

canvas.width = window.innerWidth;

canvas.height = window.innerHeight;

// Example protein sequence (here 6 amino acids)
const protein = new ProteinStructure(['Ala','Val','Leu','Gly','Ser','Ile']);
const dna = new DNAMaterial(protein);

let lastTime = performance.now();
function animate(time) {
const dt = (time - lastTime) / 1000;
lastTime = time;

// Clear canvas and update physics
ctx.clearRect(0, 0, canvas.width, canvas.height);
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dna.update(dt);
dna.draw(ctx);

requestAnimationFrame(animate);
ks
requestAnimationFrame(animate);
</script>
</body>
</html>

Explanation and References: This code sets up a physics simulation loop similar to D3's force simulation
(which uses a velocity Verlet integrator) ' . We compute all inter-atomic forces each frame: covalent bonds
as springs, non-bonded Lennard-Jones repulsion/attraction 2 , and hydrogen bonds for helix formation (N-H
to C=0 four residues back 4 ). We also optionally attract hydrophobic residues (nine nonpolar side chains)

3 . For rendering, we use layered canvas (static background vs. dynamic atoms) to improve performance

7 and throttle mousemove events to the frame rate to avoid wasted work 8 . Overall this modular
design (Atom/Bond/AminoBase/ProteinStructure/DNAMaterial) makes it easy to extend to WebGL or 3D
later. The simulation visually produces a smooth, organic animation of a protein chain, with elegant curved
bonds and alpha-blended atoms - combining biological realism with aesthetic harmony.

Sources: Physics of force-directed layouts and Verlet integration ' ; Lennard-Jones potential basics 2 ;
protein a-helix geometry (3.6 residues/turn and i—i-4 H-bonds) 4 5 ; hydrophobic amino acid list 3 ;
Canvas layering and interactive simulation tips 7 8 6 .

1 d3-force | D3 by Observable
https://d3js.org/d3-force

2 Simple 2D molecular simulation written in JavaScript - GitHub
https://gist.github.com/stepheneb/1342480

3 Hydrophobic and Polar Amino Acids
https://www2.chem.wisc.edu/deptfiles/genchem/netorial/modules/biomolecules/modules/protein1/prot13.htm

4 5 Alpha helix - Wikipedia
https://en.wikipedia.org/wiki/Alpha_helix

6 7 8 Interactive visual simulations with HTML canvas and Javascript
https://www.pinkdroids.com/blog/interactive-simulations-html5-javascript/
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