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In which the address learns, for the first time, to stay shut — and a bacterium
deciding whether to eat a particular sugar shows us the oldest known switch in
biology: one stretch of the code held closed by a protein lock, and opened only when
the world outside says the time has come.

Tau (T) is the living fabric of time itself — the sole substance of which all physical reality is
composed. Every particle, force, wavelength, and conscious experience is a structured
configuration of T-flow. There is no gravity, no electromagnetic force, no strong nuclear
force as separate entities: all are registers of the single T-field operating across dimensional
levels. The conservation law dXT=0 governs all change: T is never created or destroyed,
only redistributed.

Introduction — Through the Force of Time

The chapter that follows is, in the conventional telling, the founding story of gene
regulation — the lactose operon of a bacterium, and how it is switched on and off. Read
through the Universal Force of Time, it is the first fully mapped T-gate: a single address
opened or closed by the field according to the local state of T.

For ten chapters the address has been read whenever it could be — copied,
transcribed, translated, the machinery running wherever it was let. This chapter is the
first where the cell chooses not to read: a stretch of the address held deliberately shut
until conditions warrant opening it. The example is the set of genes a bacterium uses to
eat the sugar lactose. They are kept silent when there is no lactose to eat, and opened
only when there is. Regulation, in this book, is the field deciding which addresses to
express given the local state of T — and here, for the first time, we see exactly how the
deciding is done.

The lock is physical. A protein called the repressor sits on a short stretch of DNA —
the operator — right where the reading machinery must begin, and while it sits there the
coordinate cannot be read. The key is the sugar itself: a form of lactose binds the
repressor and loosens its grip on the DNA roughly a thousandfold, so it falls away and
the genes are read at last. The environmental condition — fuel present — is what lifts the
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cover. This is the ‘readout is the gated step’ principle of the earlier chapters made into a
dedicated switch: a protein whose whole job is to hold one address shut until the world
says open.

And the switch is cleverer than a single lock. The genes come fully on only when
lactose is present and the better fuel, glucose, is absent — the cell reads two facts about
its T-environment and computes an and before spending its build-energy. A second
protein, reading the shortage of glucose, helps open the address only when the cell is
truly hungry for this fuel. Two hands rest on the coordinate: one that closes it, one that
opens it, and the environment decides which wins. Even the geometry of the earlier
chapters is put to work — the repressor grips two operators at once and bends the
address into a loop, the conserved topology of Chapter Two recruited as part of the lock.

Carry this into the chapter: the lactose operon is the first T-gate mapped in full — one
address opened or closed by the field according to two conditions of its T-environment,
using a protein lock, an opposing protein key, and the address’s own ability to fold.
Regulation is the node choosing which of its coordinates to express, and when.

The First Switch

Until now, in this book, the address of life has been read whenever it could be. We
have watched it copied, transcribed into working messages, translated into proteins
— and everywhere the assumption was that the machinery runs where it is let. But a
living cell does not read its whole address all the time. It carries thousands of genes,
and at any moment most of them are silent, held shut, waiting. A cell that made
every protein it could would exhaust itself building things it did not need. So
somewhere there must be a deciding: a way of holding a stretch of the address
closed until the moment it is worth opening. This chapter is about the first such
switch ever understood — and it is understood in such detail that we can watch,
almost atom by atom, how a cell decides when to read.

The story begins in occupied Paris, where a scientist named Jacques Monod studied a
humble thing: how the common gut bacterium learns to eat lactose, the sugar of milk.
Grow the bacterium without lactose and it makes almost none of the machinery for
digesting it. Add lactose and, within minutes, it starts making that machinery in
quantity. The genes were there all along, silent; the lactose switched them on. Monod
and his colleagues spent years working out how, and what they found became the
founding story of an entire field: the story of how genes are turned on and off. In the
language of this book, it is the first place we see the field deciding which of its
coordinates to express, and when.
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The Operon

The genes for eating lactose are not scattered about the address; they sit together,
in a row, and are read as a single unit. There are three of them — one for the enzyme
that splits lactose into simpler sugars, one for the pump that draws lactose into the
cell, and one more of subtler use — and in front of them lies a short control region
where the whole decision is made. This arrangement, a block of genes under one
shared control, is called an operon; it is the natural unit of regulation in a bacterium.
Read the control region and you read the genes; keep the control region shut and all
three stay silent together.

The lac operon — one stretch of the address, and its controls

(with pseudo-operators 02, O3 nearby)

the regulator romoter operator
(makes mf repressor) P P the structural genes — the proteins that use lactose

The lactose operon. A separate regulator gene, lacl, makes the repressor. The control region
holds a promoter (where reading starts) and an operator (the switch); after it lie the three structural genes,
lacZ, lacY, and lacA, read together as one unit.

Two small stretches of that control region do the work. One is the promoter — the
landing place where the reading machine, the RNA polymerase, settles before it begins.
The other, overlapping it, is the operator — a short sequence that acts as the switch
itself. And set a little apart is a separate gene, called lacl, whose only job is to make the
protein that works the switch: the repressor. The whole apparatus is compact and
complete — a coordinate, a place to begin reading it, a switch to permit or forbid the
reading, and a dedicated protein to throw the switch. It is the simplest full grammar of a
decision written into DNA.

The Repressor and the Lock

Here is the default state, when there is no lactose about. The repressor protein,
made steadily by the lacl gene, finds the operator and sits on it. And the operator
overlaps the promoter — the very place the reading machine must land — so with
the repressor in the way, the polymerase cannot settle and begin, or cannot move off
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if it does. The genes are shut. Not destroyed, not altered: simply covered,
unreadable while the cover is in place. A single protein, resting on a few letters of
DNA, silences three genes at a stroke.

Locked — the repressor covers the operator

RNA
polymerase

repressor

X

lacZ - lacY

blocked — cannot pass

the genes stay silent — OFF

The locked state. With no lactose present, the repressor sits on the operator, directly in the
reading machine’s path. The RNA polymerase is blocked, and the three genes stay silent — the address is
closed.

This is what biologists call negative control, and in the reading of this book it is the
plainest possible picture of a closed coordinate. The address is not read because
something is physically holding it shut. The repressor is a T-gate in the shut position: a
structure of the field placed over a coordinate so that the field cannot read it there.
Nothing about the genes has changed — the information is intact, the letters all present
— but the readout, which in every earlier chapter was the gated step, the step that
decides whether anything happens, is here gated by a protein whose whole purpose is to
gate it. The lock is not a metaphor. It is a molecule, sitting on the address, in the way.

The Inducer Lifts the Lock

Now add lactose. A little of it is converted, inside the cell, into a closely related
molecule that acts as the signal — the inducer. This inducer does not touch the DNA
at all. It touches the repressor. It binds to the repressor protein and, in doing so,
changes its shape just enough that its grip on the operator loosens dramatically —
its affinity for the DNA falls by roughly a thousandfold. A grip weakened that far
cannot hold; the repressor lets go and drifts off the operator. The promoter is clear.
The reading machine settles, begins, and runs through all three genes, and the cell
fills with the machinery for eating lactose — exactly when, and only when, there is
lactose to eat.

The Living Address - Rev 2 4



THE DAUBNEY FOUNDATION The Universal Force of Time

Opened — the inducer lifts the lock

inducer (allolactose)
bound — grip released

repressor

polymerase transcription runs

v

lacZ - lacY

the genes are read — ON

Induction. A signal molecule derived from lactose binds the repressor and loosens its grip on
the operator roughly a thousandfold. The repressor falls away, the reading machine runs through the
genes, and the address is opened — on demand.

Look closely at what has happened, because it is the heart of the chapter. The thing
that opens the address is the sugar itself — the very substance the genes exist to handle.
The presence of the fuel is what unlocks the machinery for using the fuel. In this book
that is the field reading its own environment: the local state of T — here, a particular
sugar present in the surroundings — is what lifts the gate on the matching coordinate.
The address is not opened on a schedule or by internal whim; it is opened by a condition
of the world, sensed as a molecule, converted into the release of a lock. The cell does not
guess when to read the lactose genes. It waits until the world hands it the key.

There is a revealing detail worth adding, because it sharpens what the switch is really
reading. The signal that trips it need not be food at all. Chemists found molecules — one,
called IPTG, became famous — that bind the repressor and spring it off the operator
exactly as the natural inducer does, yet cannot themselves be eaten: they open the
machinery for a meal they are not. This proved that the switch answers to a signal, not to
the meal — the repressor is reading a shape, and any molecule of the right shape lifts
the lock, nourishing or not. It also handed biology a gift: a clean, controllable key. Ever
since, researchers open cloned genes at will with a pinch of such an analog — the very
handle used to switch on the engineered addresses of the last two chapters. In this book
it makes the point plainly: the gate obeys the field-condition it is built to sense, not the
usefulness of the thing that carries it.

KEY IDEA

Negative control: a repressor protein sits on the operator, covering the reading
machine’s landing place, so the genes stay silent. The inducer — a signal made from
lactose — binds the repressor and loosens its grip on the DNA about a thousandfold,
so it falls off and the genes are read. In this book, the repressor is a T-gate in the shut
position, and the environmental condition (fuel present) is what lifts it.
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The Loop That Tightens the Lock

The real operator is not quite a single site. Alongside the main one lie two lesser
copies, close by, that on their own do little — but they matter, because the repressor
can grip the main operator and one of the lesser ones at the same time. When it
does, it pulls the two apart-lying sites together, and the stretch of DNA between
them is forced to bow out into a loop. Holding two points of the address at once, the
repressor bends the address back on itself, and the lock holds tighter and more
surely than a grip on one site alone ever could.

The loop that tightens the lock

o1 repressor o3

binds both at once

holding two operators together bends the address into a loop — and the lock holds tighter

Looping. The repressor grips the main operator and a nearby lesser one at the same time,
pulling the two sites together and bending the intervening DNA into a loop. Holding the address at two
points makes the lock firmer.

We met the folding of DNA back in the early chapters as a matter of topology — the
way a closed molecule’s twisting and coiling are bound together and conserved. There it
was structural bookkeeping. Here it is put to use. The cell recruits the address’s own
ability to fold onto itself and makes it part of the switch: the coordinate is literally curved
into a tighter lock. It is a lovely economy, and telling in this book’s terms — the same
property of the address that keeps it packed and ordered is turned, when needed, into a
device for control. Nothing new had to be invented. The geometry was already there,
waiting to be used.

The Second Signal

There is one more layer, and it makes the switch genuinely clever. Lactose is a
decent fuel, but glucose is a better one, and a bacterium offered both should burn
the glucose first and leave the lactose untouched — it would be wasteful to build the
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whole lactose apparatus while a superior fuel is at hand. So the operon listens for a
second fact: whether glucose is present. It does this through a second protein, which
can help the reading machine start — but only when it is itself activated by a small
internal signal that rises when glucose runs low. When glucose is plentiful that
signal is scarce, the helper stays idle, and the lactose genes run only weakly even if
lactose is there. When glucose is gone the signal climbs, the helper springs to life,
and the genes run in full.

The second sighal — CRP reads the hunger for fuel

glucose present glucose absent

CAMP low CcAMP high

o

cannot help — lac stays weak binds and helps polymerase start

The second signal. A helper protein aids the reading machine, but only when activated by an
internal signal that rises as glucose runs short. Plenty of glucose keeps the helper idle; a shortage of
glucose wakes it.

This is positive control, the opening hand to set against the repressor’s closing one,
and in this book it is the field reading a second condition of its T-environment: not
merely ‘is there fuel of this kind’ but ‘is there any better fuel first.” The internal signal
that rises when glucose is scarce is, in effect, the cell’s reading of its own hunger — a
measure of how much its supply of T is running down. When the reading says the good
fuel is gone, the helper opens the coordinate for the lesser fuel. The node spends its
build-energy only on the address that its circumstances warrant, and it works this out by
sensing the state of its own T-supply.

Biologists have a name for the whole arrangement — the glucose effect, or catabolite
repression — and it reaches well beyond this one operon. When the best fuel is present,
a whole family of genes for lesser fuels is held quiet together, and only as the good fuel
runs out do they wake. It is a global preference wired into the cell: a standing instruction
to spend on the finest available meal first and to leave the rest shut until it is gone. In
the reading of this book that is register-wide bookkeeping of T — the node does not
weigh each address alone but against a single shared reading of how well its supply is
met, opening the lesser coordinates only when the better one can no longer be had. The
internal signal is the one dial by which many switches are set at once.
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The Two-Key Lock

Put the two signals together and the operon does something a bare gene never
could: it computes. The lactose genes come fully on in one situation only — when
lactose is present and glucose is absent. If lactose is missing there is nothing to eat,
and the repressor stays shut. If glucose is present there is a better meal already, and
the helper stays idle. Only when both conditions hold at once — fuel of this kind
here, better fuel gone — does the address open in full. The cell is combining two
facts about the world and acting only on their conjunction.

The two-key lock — lac is fully ON only when both conditions hold

glucose PRESENT glucose ABSENT

lactose
PRESENT OF F

et OFF OFF

lactose present AND glucose absent — the address is opened

The two-key lock. The lactose genes open in full for one combination only — lactose present
and glucose absent. The operon reads two conditions of its surroundings and acts on their conjunction: it
computes an ‘and.’

An engineer would call this an and gate, and would be right; it is a logic operation,
done with proteins and DNA, a billion years before anyone built one from wires. In the
reading of this book it is the node integrating two conditions of its T-environment before
it expresses a coordinate — the field weighing fuel-available against better-fuel-gone and
opening the address only when the balance truly calls for it. Life, even at the scale of a
single bacterium reading a single sugar, does not spend itself carelessly. It reads its
world, computes, and commits its build-energy only where the reading warrants. The
first switch we ever understood turns out to be, already, a small act of judgement.

On and Off Are Two Hands
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Step back and the shape of the whole system is symmetrical and simple. Two
proteins rest their attention on one stretch of the address: one that closes it — the
repressor, holding the operator shut — and one that opens it — the helper, easing
the reading machine into place. The environment tips the balance between them.
Lactose pulls the closing hand away; the loss of glucose brings the opening hand into
play. Between a hand that shuts and a hand that opens, the coordinate is expressed
or silenced, and the world decides which prevails.

In this book that pairing is the essential grammar of a T-gate: an address held
between two field-couplings, one tending to close and one to open, with the local state of
T selecting the winner. It is binary expression — on or off — produced not by a single
all-or-nothing trigger but by a balance of opposing bindings, continuously read against
conditions. Every regulated gene we meet in the chapters to come, however elaborate its
wiring, is at bottom this: an address, and the hands that open and close it, and a reading
of the world that decides. The lactose operon is the first and clearest instance, mapped
down to the molecule, of the field choosing what to express.

Why This Should Matter to You

You are not the fixed readout of your genes. Every cell in your body carries the same
full address — the same complete coordinate — and yet a cell in your eye and a cell
in your liver are utterly different, because they read different parts of that address,
and hold the rest shut. What makes a liver cell a liver cell is not a different set of
genes but a different set of switches thrown: this stretch open, that one closed, held
so by the very kind of molecular lock and key this chapter describes. Regulation is
why one address can build a thousand kinds of cell, and why the body you have is a
pattern of decisions and not merely a pattern of code.

There is an economy in it that this book takes to heart. A cell that read its whole
address at once would pour its substance into machinery it could never use — a waste
the conservation law at the root of everything, dXT=0, does not favour. T is finite and
forever redistributed, never squandered; and regulation is how a living node honours
that at its own scale, committing its build-energy only where its circumstances warrant.
The switch is not merely a convenience of housekeeping. It is thrift made molecular —
the field declining to spend itself on a coordinate whose season has not yet come.

And there is a deeper thing here, worth carrying out of the chapter. The lactose
operon shows that reading the address is a choice — a choice made moment by moment,
in response to the world, by the balance of proteins that open and close the coordinate.
Health, in the chapters on medicine that this book builds toward, is in large part a
matter of the right switches thrown at the right time; much of disease is a switch stuck
open or jammed shut, an address read when it should be silent or silenced when it
should be read. To understand the switch is to understand where that goes wrong, and
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where it might be set right. Monod found, in a bacterium deciding whether to eat a
sugar, the first clear glimpse of how the field governs its own reading. In the next
chapter the governing grows more intricate still — a set of proteins that do not merely
permit reading but actively help it — and the story of how the address is controlled
deepens.

The Numbers at a Glance

The parts of the switch, and the reading the Force of Time gives each. Every biological fact is left
exactly as measured.

Part of the switch What it does The Force of Time reading

a coordinate opened or closed as a

The operon three genes read as one unit whole

sits on the operator, blocks

The repressor (negative) a T-gate held in the shut position

reading

The inducer binds repressor, grip falls the environment’s condition lifting the
~1,000-fold gate

. repressor grips two operators at the address’s own folding recruited as a

Looping
once lock

Ty e aids reading when glucose is a T-gate in the open position; hunger
low read

T e g Eier on only if lactose AND no the node computing an AND over its
glucose T-world
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