How Proton Flow Builds ATP

The Chemiosmotic Hypothesis in Chloroplasts

Module 11.6.3 | Photosynthesis in Higher Plants o



The Biological Power Plant A
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ATP synthesis relies on a strict electrochemical gradient across the thylakoid membrane. =

Stroma (Outside)
Low Proton [H+] Concentration, High pH
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Thylakoid Membrane

The impermeable structural barrier
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Lumen (Inside)

High Proton [H+] Concentration, Low pH
Like water behind a

hydroelectric dam, this
extreme gradient stores
immense potential energy.
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Two independent mechanisms force protons into the inner thylakoid space.
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Pumping Up the Pressure: The Lumen A
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Photolysis of Water Electron Transport Pump
Water is physically split on the inner side of As electrons move through the photosystems,
the membrane. a primary acceptor transfers electrons to a

hydrogen carrier.
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2H20 Wl 02 + de Result: Protons are
physically grabbed from the
Result: Protons are trapped OU o eme Vo NMe T O
directly inside the lumen.

released into the inner side.

JHH




TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Creatlng the Deficit: . Key Insight: The electrochemical gradient isn’t built

The Stroma merely by filling the lumen; it is exponentially
The gradient is amplified by actively - multiplied by simultaneously draining the stroma.

removing protons from the outer fluid.

The NADP Reductase Drain

This enzyme is physically located on
the stroma side. It reduces NADP* by
pulling protons directly from the
surrounding stroma fluid.

NADP* + 2e~ + 2H"™ — NADPH + H

The Plastoquinone Theft

The primary electron acceptor passes
electrons to an H-carrier, which must
“steal” a proton from the stroma
simply to balance the charge during
transport.

(1 NADPH + H*
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" The Microscopic Turbine: ATP Synthase A
....... T A"

H . Atwo- part enzymatlc machine demgned to harness the pmton gradlent ............ et
E e e e e -'::""'___pé':— _________________
"""" RPNl | e /A 7 ) f""'"‘.:-‘.:“-.x,- 5 SR CF, Particle (The Motor)
------------------- N/ — _. I' .' \ I ~ Location: Protrudes on the outer surface,
""""""""""""" _ I.':f ;' | 'I-,l | f' - jutting upward into the stroma.
o TR e

CF, Particle (The Channel)

Location: Embedded entirely within
the solid thylakoid membrane.

Function: Forms a dedicated
- - - transmembrane channel that allows
for the facilitated diffusion of protons. S
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:Break|ngtheGrad|ent1.::::::::::1.:::::::::::j:j::A:
. Facilitated diffusion of protons releases the energy required to forge ATP. . . . . . . . . . . . . .. .~ .}

~ Step 2: Conformational Change.

- The sudden release of gradient

- pressure provides enough energy
~ to physically twist and change the
~ shape of the CF, particle.

7 °  Step 1: The Flow.
Protons (H*) rush violently
through the CF, channel, seeking
equilibrium from the high- =
concentration lumen back to the R Bl o
low-concentration stroma. Nl i ,
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Step 3: Chemical Synthesis.

The newly activated CF, enzyme
mechanically forces ADP and
inorganic phosphate (Pi) together.

ADP + Pi — ATP




..................................................... TopA“

ATP synthesis through the continuous breakdown of an electrochemical proton gradient. . . . . . . . . . . .
........................ C‘y’tDChI’DmE - . . B . . A o . : . . . . . N . . . . .
..... Stroma . = . . | B6f

-----------------------------
.

........

1111111111111111111

,,,,,,,,, - H,0 —>1%0,+H*" A N

 OxidatiofER: * ' ' " "H™NN' BHE B A B s - - '
Df water ...................... :

-------------------------------------

aaaaaaaaaaaaaaaaaa

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

............... High o s _ : ‘:"-:;;,:_,__ . . B It b SV
............... Electrochemical . - . Gals o gamEm it L LA
........... s et Pnte::ltlal _ i o S RE . e

™ a . a . a . . . . . . - . a . . . . . . " . . . a a - Tl e . & &4 & s s s 9w =  mo . 2 & = @ ® ® ® 0w & = = om om
....

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn




A Membrane : A Proton Pump

A mechanism to actively move protons
against their natural concentration gradient
(e.g., the Electron Transport System).

An impermeable physical barrier required to
separate the fluids (e.g., the Thylakoid).

A Proton Gradient j ATP Synthase

A high concentration of protons isolated on * A specialized transmembrane channel and
one side, acting as a battery of potential ' enzyme that allows protons to diffuse back,
energy (e.g., the Lumen). : capturing their kinetic energy to forge ATP.
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