High-Efficiency
Photosynthesis

Decoding the C4 Pathway: Anatomy,
Biochemistry, and Evolutionary Advantage



Adapted for Extremes: é%
The Dry Tropical

Environment
Tolerate higher Respond better to
temperatures high light intensities
Lack the wasteful process Produce greater
C4 plants evolved to thrive in dry, of photorespiration biomass yields.
tropical regions characterized by
high tempera!:ures and intense Note: While adapted to dry tropics, they utilize the
light. universal C3 (Calvin) cycle as their main biosynthetic

pathway—they just prep the CO2 differently.



Kranz Anatomy: The Wreath Structure ﬁ}

C4 leaves feature large, specialized cells
forming layers around vascular bundles.
Kranz means “wreath” in German.

Vascular
Bundle

Form several layers around
vascular bundles.
Characterized by a large
number of chloroplasts,
thick walls impervious to
impervious to gaseous
exchange, and no
intercellular spaces.

Mesophyll Cells
The outer layer where initial
atmospheric CO2 fixation
. occurs.
Bundle Sheath Cells ‘




The First Contact: Phosphoenol Pyruvate

Carbon Count: 3-Carbon Molecule (C3)
Location: Mesophyll Cells

Catalyst Enzyme: PEP carboxylase (PEPcase)

Crucial Nuance: Mesophyll cells
in C4 plants completely lack the
RuBisCO enzyme. PEPcase takes

X the lead to guarantee efficient
C02 capture. A
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The Namesake Product:
Oxaloacetic Acid

PEP + CO2 — OAA

Carbon
Count:

Origin:

4-Carbon Acid (C4) — This first
stable product gives the C4
pathway its name.

Formed in the Mesophyll cells
immediately after CO2 fixation.
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Next Steps: OAA is
rapidly converted
into other 4-carbon
compounds (like
malic or aspartic
acid) for transport.



The Hatch and

Fixation

(Mesophyll)

CO2 binds with PEP vi
S Ia c k Cyc I e / PEPI:a:e ?;::g::'m C4 .

acids (OAA).

Regeneration
(Mesophyll)

The leftover C3 molecule
is transported back and

converted into PEP,
completing the cycle.

\©

Decarboxylation
(Bundle Sheath)

C4 acids are broken down.
CO2 is released directly
into the Calvin Cycle. A C3
molecule is left over.

TopAll

Transport
(Plasmodesmata)

C4 acids (malic/aspartic
acid) travel from the
Mesophyll to the Bundle
Sheath.



Diagrammatic
Representation:
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The Ultimate Advantage

No Photorespiration.

Because COz2 is artificially
pumped into the bundle
sheath, RuBisCO acts
purely as a carboxylase,
minimizing wasteful

oxy%nase activity.

Result: Exceptional
tolerance to heat, higher
light saturation points,
and superior biomass
productivity.
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