Chapter VII  Photosynthesis - Photosynthetic Process

VI. Carbon Assimilation

Ribulose 1,5-

Refer to a process in which bisphosphat
chemical energy active in

NADPH and ATP is converted
into stable chemical energy Carboxylation
stored in sugars. It is conducted
in the stroma of chloroplast.
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1. Carboxylation stage
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2. Reduction stage

COOH

HC — OH

CH,O P

3-Phospho-
glycerate
(3-PGA)

6 ATP

Phosphoglycerate

kinase

1,3-Bisphospho-
glycerate

6  NADPH

Glyceraldehyde-3-phosphate
dehydrogenase

-
6 NADP™+6(P)

HC — OH

CH,O (P

Glyceraldehyde
3-phosphate
(GAP)




Chapter VII  Photosynthesis -

=0

Photosynthetic Process

|

i |
GAP 8% | HEz—0H
ustdd here [ " (- \
—e - Hrf_:lH
CHE | |
08 50ATR 3 ADP

Hibulesn Sphonphite

r‘i:"-':'” £H,OH CHO
e =0 §=o
= —gH 2| He—oH =
e HC—OH HE—OH
HEG =0 b
I | Cl-faD‘Ej CHOB
HG_ —{H Kxlulise & phosphate Hibulear &phosphate
1
CHOE
S heopiu lise 7o phimphate
| CH;OH
[ cho® | ¢=0
&= HO—
HO—CH He— el
HE — % CH O
Kylubner S-phosphale
HE — 0
he o | CHO
<Ho® | ]
'hr‘l]lh]l!'?lul!ll—e‘ 17s Al chilana 1 [l T W 1|
besphasphate HG—Oi i
==}
CH B
liryibrase Splsphile e IECII
HC—OH
GHO I
CAP #5 | HC—0H
used here | [HE—0M L o® B
o1 ¥
£HO @ Fructise f-phosphate

GLAF DIHARF

Ribulose 15 Elsphosphate

HG —OH
HC =0H
CHAOIE

Fractose 1.0-hiphosphate

Regeneration
stage

oHo
8 |HC —or
SHO®
Glvoe raldehyde

l-pllmph ik
{ZAR

Ragonetatlon phase

| EGAMuded bn
EI:Hl:l n-lgtnlrrilmn F\h:lw

HC — H
1
.‘||" ]
used for
biosyrEhesis

/ afiil eRerRy
o [caraz = e

| sind had

|
GH;0IB

iy drosyacedone phesphate
I AR




Chapter VII  Photosynthesis - Photosynthetic Process

4. OQOverall reaction:

3CO,
SHZO Glyceraldehyde
3-phosphate

(GAP)
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5. Regulation of Cavin cycle

(1) Autocatalysis: Intermediate products are necessary for maintenance of
the cycle

(2) Regulation of light:

A. Ton migration: Indirectly influence the activity of some enzymes for
dark reaction

Light ->H" enters the thylakoid cavity —>Mg?2* leaves the cavity
—>(pHH[Mg? sroma  —>activity of every enzyme

B. Through

In the dark, the residue of Fdx-Tdx is in form of -S-S- and enzymes
are not activated or are sub-activated; under light, it 1s in form of —SH,
and enzymes are activated.
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The ferredoxin-
thioredoxin
system reduces
specific enzymes
(e. g
glyceraldehyde-3-
phosphate
dehydrogenase,
fructose-1, 6-bis-
phosphatase) in
the light.
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C. Light enhances Rubisco activity:

[ Rubisco | ( Rubisco ) ( Rubisco | . Rubisco |

= |— CO, g+ il
Lys LR o Lys Lys

Lys

H*
* i
| T |

NH5* H*  NHy H*  NH
|

Carbamylation COO~

Inactive

Sugar phosphate is bound with Rubisco and stops carbamoylation, so Rubisco loses
activity. can relieve restrained sugar phosphate and

activate Rubisco.
Carboxyarabinitol -1-phosphate also inhibits Rubisco: At night, Rubisco is bound

with this inhibitor and loses activity; next morning, when light is enhanced,
can remove the inhibitor, and Rubisco will resume activity.
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€)

TP enters cytoplasm —synthesize sucrose and release P1 —
[P1]ytoplasm  —>he€lp P1 enter chloroplast and transport TP out—
photosynthesis rate

(4) Regulation of mass action:
PGA + ATP < DPGA + ADP
DPGA + NADPH + H* & GAP + NADP*+ + Pi1
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The syntheses of
starch and sucrose
are competing
processes that occur
in the chloroplast
and the cytosol,
respectively. When
the cytosolic P;
concentration is high,
chloroplast triose
phosphate is
exported to the
cytosol via the P, in
exchange for P;,, and
sucrose is
synthesized. When
the cytosolic P;
concentration is low,
triose phosphate is
retained within the
chloroplast, and
starch is synthesized.
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The C, photosynthetic pathway. The hydrolysis of two ATP
drives the cycle in the direction of the arrows, thus pumping
CO, from the atmosphere to the Calvin cycle of the chloroplasts

from bundle sheath cells.
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NADP*- malic enzyme type
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NAD*- malic enzyme type
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PEP carboxykinase type
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2. Regulation
(1) Light: Activate MDH and PPDK and be proportional to light intensity.

(2) Effecter: Malic acid and Asp inhibit PEPC activity, and G-6-P enhances its
activity.

(3) Divalent metal 10ns:
NADP*-ME: Mg?* or Mn?*
NAD*-ME: Mn?*

PEP carboxylase: Mg?* and Mn?*
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Dark: Stomata opened Light: Stomata closed

CO; uptake and  Atmospheric Open stoma permits Decarboxylation of stored Closed stoma
fixation: leaf CO, entry of CO; and malate and refixation of internal prevents H,0 loss
acidification loss of H;O CO;: deacidification and €O, uptake

 NADP* malic

; enzyme
Phosphoenol- o, I Malate +—— Malic acid

pyruvate

'l' Pyruvate |

A _ Calvin .
Triose cycle [

phosphate Malate : Starch | Vacuole

" ¥

1\ Starch Malic acid 4 \ . Chloroplast

\\ _
\ Chloroplast ' Vacuole //

Crassulacean acid metabolism (CAM). Temporal separation of CO, uptake
from photosynthetic reactions: CQO, uptake and fixation take place at night,
and decarboxylation and refixation of the internally released CO, occur
during the day.
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2 Regulation
(1) Short-term regulation

(D Stomata are open to fix CO, at night; closed to release CO, in the
daytime.

(@ Carboxylase takes effect at night; cocarboxylase has activity only in the
daytime.

€®) Nigh type - insensitive to malic
acid; day type - inhibited by malic acid.

(2) Long-term regulation

Formed due to long-term growth under dry condition; when moisture is
sufficient, it may be converted into C; type, open in the daytime and closed
at night.
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Diurnal regulation of CAM phosphoenolpyruvate (PEP)
carboxylase. Phosphorylation of the serine residue (Ser-OP)

yields a form of the enzyme which is active during the night and
relatively insensitive to malate. During the day,
dephosphorylation of the serine (Ser-OH) gives a form of the
enzyme which is inhibited by malate. ‘




