NASA Visible Earth program Chiorophyll a Concentration (mg/m3)
http://visibleearth .nasa.gov
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Quang hop la qua trinh xay ra & sinh vat tw
dwdng, trong d6 sinh vat str dung nang lvong
mat troi dé tdng hop dwdng va oxygen tlr CO2
va nw&'c
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Oxygen dwoc xem la 1 san
pham phu

H¢é thong quang hop é té bao thwe vit:

Luc lap,
Quang hé 1,
Quang hé¢ 2




O té bao eukatyotes, qua trinh quang hop xay ra trong
chloroplast, 1 bao quan chuyén héa

Chloroplast

Granal Stroma-

exposed
thylakoids thylakoids
|

Cluster of

pigment molecules
embedded lerophyll b
in membrane i | a

Granum
(stack of i it | | o
thylakoids) il PORPHYRIN RING
RO {light-absorbing
Thylakoid “head"” of
membrane molecule)
HYDROCARBON TAIL

(H atoms not shown)
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Tat ca nhirng co’ quan thuc hién chirc niang quang
hop déu chira cac sac to

H  CHy H

0
COOCH,

Chlorophyli

VAN VAN
CHy CHy CHy CHy CH; CHy
Chlorophyll a Chlorophyll b Bacteriochlorophyll a

Beta carotene

SN NI

’

Sac tb chinh cla quang hop

°
.g Chlorophyll b
§ Chlorophyll a
[
E
2
s
£
* Absorb blueandred &
wavelengths Y ——
400 500 . 600 700
® Appear Green Wavelength of light (nm)

{ In plants, cells that photosynthesize
typically have 40-50 chloroplasts
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Light Reflected
light

Chloroplast

Absorbed
light

Transmitted
light

Sac to phu

°
g Chiorophyll b
g
ﬁ Carotenoids
* Carotenes and 2
2
Xanthophylls 5
£
<
] |
400 500 600 700

Wavelength of light (nm)

(a) p-carotene

© 2011 Pearson Education, Inc.
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Sac to phu

Chlorophyll b

Chlorophyll af i’g

p \ Carotenoids
| \

I~ )

M& rdng phd hoat ddng— hap
thu dwo'c cac photon cé do dai
séng khac ho tro thém cho qua

Amount of light absorbed

N X o o 400 500 . 600 700
trinh hap thu nang lwvgng mat Wayslsgthiof R o)
tr&i cla luc lap ”‘e’.'.l‘é?ﬁfn" "y o

Tao nén cac gbc tw do 6n dinh o 5;/ )
HAp thu dnh sang UV v&i mirc High-energy -8 \0""9”:“"’"’
nang lwong cao hon O:

Pwoc tim thay trong khong bac =

&

f O
(o B§: .
o
©©

Cac bo phan chinh tham gia quang hop

* QUANG HE (photosystem) — gdm nhirng phtrc hop céc
sac to chinh,phu gitr vai tro “anten-bat dnh sang”, va
cac proteins ho trg viéc bat gilr photon anh séng va van
chuyén electron bi kich hoat

« Dworc tim thay trén
mang Thylakoid

\\
Iy
Graﬁum

(stack of thylakoids) Stroma

(liquid

* Photosystem Il va —
Photosystem |

Thylakoid membranes
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Thylakoid lumen -
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’ ATP synthase |

Y
. Photosystem [ Stacked granum Stroma-exposed
0 Cytochrome bg f thylakoid
@ Photosystem II

The photosystem I (PSI)

Stroma

Lumen
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The photosystem II (PSII)

LHCII Protein D, Protein D,

Photosystem I Photosystem IT
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Quang hop bao gom 2 pha chinh: pha sang — pha toi

ho

W

Carbon reactions
/ (Stromal enzymes)

Light reactions
(Thylakoid membranes)\

QUANG HO'P: PHA SANG

March 25th, 2013
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gl sy T H—$c—fon =

CHO

e

5153

(CH20)4H

QUANG HO'P

Sunlight

Ho0
02

ATP
NADPH

cO,

2011 Pearson Education, Inc.
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NANG LUONG ANH SANG

* Electromagnetic energy radiates in the form of waves
* Photon-

Increasing energy

HITIVAVAVAVAVA VAV VAN

g wavelength

0.0001 am 0.01 nm 10n0m 1000 nm 0.01 cm Tem Im 100 m
1 I L 1 1 1

Gamma rays Xrays Uill‘cr Infrared Radio waves
violet

Radar TV FM AM

1
400 nm 500 nm 600 nm 700 nm

*Theo thuyegll zng tl thrnapg 1l zng bl ¢ xawhl co thekbxhag thuu
hoaq toa ra trong moj ll zng waq trl ng gouladl zng tl . Khi mof phah
tl hag thuumoj Il zng tl napg Il zng thr moj wien tl bxwak tl ~orbital
trang thai ban wafi cua no (ml c napg Il zng thag) leh orbital co napg
1l zng cao hzn. Wels| thag thuwxay ra thr sl ikkhac bief napg 1l zng gil &
hai orbital phai bang chsnh xac photon wathag thuuCac phah tl phl ¢
tap thl zag hap thuw nhl fig wojda+song khac nhau.

Vi du: chlorophyll hdp thu dnh sdng trong khodng tim-xanh cia phé
thdy dvgc ciing nhu ving mau do ciia pho. Chlorophyll c6 mau lyc vi
no phdn chiéu dnh sdang trong viing xanh luc.

*Nhl fig phah tI hap thumapg 1l zng wiep tl <o cag truc goula~
chromophore. Trong chromophore, wien tl deidang di chuyek weg

ml ¢ napg Il zng cao hzn khi hag thumapg 1l zng. Cac chromophore
thag w zu co nhl fig chuoi lieh kegwohlieh hzp keo dax Cac phah tl

co mof Il zng nho lieh kegwohlieh hzp hoaq cac lieh kegwohriehg re
thr hag thumapg 1l zng z vung cl u tsm cua phokwiep tl ~Noi cach khac,
khohg co sl wk wah copg hl zng do sodl zng cac lieh kegwohthsch
hzp thr cafi phai hag thumapg 1l zng thsch hzp wekmoi wiep tl watiweg
orbital cao hzn.

4/11/2016
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Photon
[ ]
Electron
Nucleus
—
Ground state Absorption of photon Excited state

Chuyén gi xay ra v&i electron bij kich hoat?

 C4c electron bj kich hoat sé roi tré lai trang thai v&i
mUrc nang lwong thap hon

FLUORESCENCE

Higher

« Hién twong phat quang I\
E Fluorescence
E: 4
@ ik
E Photon a¥a o Mal |
=
2
g Y

£e

Lower Chlorophyll molecule

4/11/2016
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Chuyén gi xay ra v&i electron bj kich hoat?

* Hién twong cOng hwong-

RESONANCE

Chlorophyll / [i-carotene

Chuyén gi xay ra v&i electron bij kich hoat?

REDUCTION/OXIDATION

“Electron
ceptor

Reaction Center

4/11/2016
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Photosystem |
Higher I
Clr,
. ra"spo
" chy;,, NADP* + H*
s “ Ferredoxin (NADP*
o — reductase)
8 NADPH
® 2 Photons
3 * Excited e enters directly into ETC
[
i then to Ferredoxin
hiorophyl * Feddedoxin oxidized
..Lower
Photosystem Il
Higher
“Pheophytin Pheo ;h tin
e 4
c
e
‘6
9
Q
S | Photon
=
8 k
(7]
| =
w \ A2
‘ fﬂg“;;;?
Lower t\_mf

© 2011 Pearson Educaon, inc.
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Photosystem Il

Higher g fop trg
: ﬂspo

o " op
e A \Nﬁfn

Cytochrome
\@
ATP ™~
Photon produced via Electron is passed to electron
proton-motive force )
acceptor plastocyanin

Energy of electron

hlorophyl
Lower

© 2011 Paarson Education, inc.

2H,0 —4H" +4e + O,

Photosystem Il

ETC (chubi truyén diém t&) trong PSIl s& bom
protons vao trong thylakoid lumen tao nén 1 ATP
khuynh d6 dién hda gilra bén trong va bén
ngoai mang thylakoid

Photon

Antenna Photosystem I Cytochrome

complex
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Photosynthesis

Sunlight

ATP— This comes from Photosystem Il

16



Plastocyanin (PQ) chuyén e- tl PSIl dén PSI, & d6 e- duoc
sty dung dé tao NADPH

E,e‘-‘troh .
7

de- ahsDOrf
Chay,
Higher & hain 2 NADP* + 2 H*
4 Clr
A ¢ ; on

Pheophytin Pra,,spo “Ferredoxin
I3 4e~ PQ ,rch"in .
s PQ =
‘(‘"; N Cytochrome 4 Photons 2 NADPH
o complex |
°
o
% 4 Photons \
5 ATP
= produced via s oy < i

proton-motive force Photosystem |
Photosystem Il

Lower ) 4e—

2H,0 I S 0,

©2011 Pearson Education, Inc.

Higher
A "I?hanphyﬁn

PQ
E-‘\_@ﬂ:ochmms;
complex_ )
\
ATP 4
produced via < f a5

proton-motive force

4 Photons 2 NADPH

4 Photons

Energy of electron

Photosystem |

Photosystem I

Lower

©2011 Pearson Education, Inc,
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Photosynthesis

Sunlight

ATP— This comes from Photosystem Il

NADPH «<—— I 1his comes from Photosystem |

“(CH20),

QUANG HO'P: PHA TOI (CHU TRINH Calvin)

March 27th, 2013

4/11/2016
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Chloroplast

Where do plants get the Carbon-dioxide?

Guard cells +

Pore =

Stoma

cells

©2011 Pearson Education, Inc
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Calvin Cycle

C
CO,
P66 066P 1 ©-©-6-F
RuBP Fixation 3-phosphoglycerate
ADP+ P,
Df ATP
e 3. ’\\w/”” 2. ADP + P,
Regeneration : Reduction
‘ NADPH
0—(5:—0— p NADP*+ H*
G3P G3P

¥

G3P =P =P Glucose, fructose

201 Pearson Eucasion. e

1. Giai doan 1: cO PINH CO2

©
o,
Pi%O{HDO—;”—irhh\\\ ©66-E

RuBP Fixation 3-phosphoglycerate

2071 Pearson Ecurasion, Inc

4/11/2016
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Sam pham cla qua trinh ¢d dinh CO2 1a 1
hop chat c6 3 C.

C; plants:
RuBP + CO, » two 3-phosphoglycerate

(3-carbon sugar)

Viéc cb dinh CO2 & thyc vat C; dworc xtic tac b&i enzyme:
ribulose-1,5-biphosphate carboxylase/oxygenase

Rubisco thl u vaj (L8S8)

RuBisCO PDB IRCX

201

Carbamoyl-Lys

Ribulose 1,5-bisphosphate

Figure 20-6
RuBisCO PDB IRCX ©2008W.HFreeman and Company

Fifth Editi
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Rubisco thl u vaf (L8S8)

RuBisCO PDB IRCX

RuBisCO PDB IRCX

Rubisco thl u vaf (L8S8)

O thuc vét va vi khuén lam RubisCo gém co:

Q8 tiéu don vi 16n ( phu thudc vao loai, khéi luong
phan tir 51-58 kDa)

Q8 tiéu don vi nhé giéng hét nhau ( khdi lwong phan tir
12-18 kDa)

V6i 16 tiéu don vi, RubisCo l& mot trong nhitng
enzyme I6n nhét trong tw nhién.

O thuc vat tidu don vi I&n dwoc m3 hoa béi AND luc
lap, va tiéu don vi nhd dwoc m3 héa bdi ADN cla
nhan. M&i tiéu don vi I&n chlra mot trung tam xdc tac.
Chtrc ning cla tidu don vi nhd chwa dwoc hiéu biét
day d0. Ngwdi ta cho réng muc dich cla tiéu don vj
nhd 13 nham 6n dinh phtrc hop tém tiéu don vi 16n.

RuBisCO PDB IRCX

Ribulose bisphosphate-carboxylase/oxygenase la
enzyme duy nhat cho phép c¢b dinh CO2 trong khi
quyén ddi v&i sw hinh thanh cla sinh khéi.

RuBisCO PDB IRCX => enzyme |3 mOt didu kién tién quyét cho si tdn tai
clia cudc sdng hién tai trén trai dat.

4/11/2016
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Cac dac diém dac biét cla Ribulose
bisphosphate carboxylase/oxygenase

Q RubisCo c¢6 thé chiém tdi 50% tong sd protein
hoa tan trong la.

O Su phén phéi rong rai cua thuc vat lam cho
RubisCo 1a mot protein phong phu nhat trén
trai dat.

2. Giai doan 2: KHU

[+
CcOo,
5C 3C
P60666- P/:\ [ " *a *g)

RuBP Fixation 3-phosphoglycerate

3C
ccor
G3P

4/11/2016
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o
CO,
>C /'L\ 3C
PG CCC-P 1. ©-©-C-P
RuBP Fixation 3-phosphoglycerate
' ATP
; ADP + P,
Reduction
3C NADPH
i NADP*+ H*

G3P
¥

G3P =P =P Glucose, fructose

201 Pearson Eucasion. e 6C

2- Sw khir 3-phosphoglycerate tao ra
triose phosphate

Fhospho clycerate Glyeceraldehyde-3-phosphate
Kinase . Dehydrogenase
Q o~ o QPO -
e ATE ADRP stel : NADRPH MADRF CHO
| | |
H—CG—0OH H—C —CH H—C —oH
|
Hy G — PO 53 Hes — oPo5i- Py HaC —opog?
J-phosphio- 1.3 -bisphospho glyceraldehrnde-
ghrcerate glarc et ate 3-pho sphate
W H*-a.[_.:-'-"ﬂ
H;—U.’I J FCTRp |
0= — O
L
\ . .
CH; 0ROy CH,0P0,?
Dihypdroxyacetone Glyceraldehyde
phosphate I-phosphate

4/11/2016
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2 G3P —»——>—>

© 2011 Pearson Education, Inc.

Sucrose o CH,O0H
R (readily
_Reactlons transported) OH HO
in cytosol Glucose Fructose
Glucose,
fructose

Reactions in \Starch
chloroplast
(storage

product) -

Glucose Glucose Glucose

_Up to 1000 or
9" more monomersg

3. Giai doan 3: TAI TAO RuBP

(]
CO,
>C /\ 3C
P-©-6-6-6-6-P 1 ©-6-6-P
RuBP Fixation 3-phosphoglycerate

3. e e,
Regeneration | Reduction

3C
©Co-r
G3P G3P

¥

G3P =P =P Glucose, fructose

T 6C

NADP* +

f ATP

ADP + P

NADPH

H+

4/11/2016
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3- Ribulose 1,5-bisphosphate dworc tai
sinh tw triose phosphate

Glyceraldehyde P Dihydroxyacatonea P

‘H\<:: Ca

Fructose 1 6-bisphosphate

:i:I::: Gs

Dihydroxyacetona P Erythrose 4-2 Hylublose 5-P
Ce

Sedoheptulose 1, T-bisphosphate

—

Glyceraldehyde P Sedoheptulose 7-P

DE

Ribose 5-P Hylulose 5-P

Ce

Ribose-5-phosphate va 2 phéan ttr xylulose-
5-phosphate dwoc chuyén dobi thanh
ribulose 5-phosphate

Ribulose phosphate Ribose phosphate
epimearasa Isomarase
| I M0 H__ou]
| = R
H-C-OH - H-C-OH A te H-C-OH
|
C|:=D ﬁ—CIH ?:0 H-(ll-DH ?'L‘II flj:'_:-
'!:';_?_H "[""—OH H—l_?—r_'--. R ‘?-OH 1,2-Enedial H"%:MOH
H-C-0H H-C-0H o ==  H-C-OH
| 2 3-Enediol i
- = H-C-0 H-C-0
HC-0-®) == HC-0-0 --0-@ -0-@
H H H H
¥ylulose 5-phosphate Ribulsse 5-phasphate Ribase S-phosphate Ribulose 5-phosphate

4/11/2016
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3 phan t ribulose 5-phosphate bi
phosphoryl hda v&i 3 phan tl ATP tao
thanh 3 phéan t ribulose 1,5-bisphosphate

CH,OH

| CH OPO~*
C=10 | 2 *
[ 9—0

A—y—on AR S HC — OH
H_?_DH . S Hﬁ: OH
CH; O PO, CH, OPO?
Ribulose 5-phosphate Ribulose 1,5-bisphosphate

How many CO2 must be reduced to make 1 Glucose?

<
CO-»
P-6-6666P : ©-0-6-P
RuBP Fixation 3-phosphoglycerate
ADP+ P,
>
ATP - s 5 ADP + P
Regeneration ‘ Reduction
3C NADPH
0—‘3—0— P NADP*+  H*
G3P aap

G3P =P =P Glucose, fructose

4/11/2016
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Chi phi ndng lwong cho sw cb dinh
mdt phan tt CO,

Swco dinh 1 phdn tlr CO, cén:
» 2 phan t& NADPH
>3 phan tr ATP

1I-Quang ho hap va chu trinh C4

THE DUAL CATALYTIC NATURE OF

RUBISCO
Photorespiration Photosynthesis
0, CO,
RuBP. RuBP
ATP. ATP
NADPH
PGA ‘@
PGA sugar
CO, + PG 2
ATP + NADPH PaANTP

4/11/2016
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Rubisco

* Rubisco khtr carbon
* Vi tri hoat hoa ciing 12 vi tri c6 khd ndng gan Oxygen

Organic
Compound

Organic
Compound

When [CO,] > [O,]

Photosynthesis > Photorespiration

0O,

@ Y] Organic
Compound

When [O,] > [CO,]

Photorespiration > Photosynthesis

4/11/2016
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Chlrc nang sinh hoc cla quang ho hap

Quang hd hdp cao hon hé hap tithé  Tilé 0, cao nguy hiém cho cac mé, vi

3-4 |an oxygen phan tr dé& dang nhan mot e
‘ Gidm dang ké s dong hoa dé tao ra superoxyd (0-O- ) rat hoat
carbon donglam xdo tron sw bieén dwdng.

Quang hd hap duy tri ndng do
0, trong diép lap dwdi ngudng tGi
han.
Dw&i diéu kién chiéu sang manh va
ndng d6 CO2 thap

Quang hé hap can thiét dé
tiéu thu bt cac hop chat cao ning (
ATP, NADPH) dworc tao ra trong phan
(rng sang, tranh b&t sw ton hai cho
b méy quang horp,

Quang hgp O cay C; thi kém hieu qua
O nhiet d0 cao
g{m&_QJ%% Ehleringer and
2 : P
Z o ) earcy
< & Gy, normal air
g & ; '
Z‘E " Cy, normal air 0. . "
o}
=
& 0 T T T
20 30 40

Leaf temperature (°C)
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Cach tranh quang hé hap & thuc vat

Hai kiek thl u vaj quang hzp co phat triek cac
cz chegranh quang hothag la<thyc vat C4 va~
CAM.

n"‘£ »
[ K

S, mesophyll
i ﬂ{ cells

COg fixation in a G4 plant

4/11/2016
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Chu “@WE@ CAM

Dé han ché mét hoi nudc trong qua trinh quang hop , chiing m¢ khi khéu vao ban dém khi
d6 am khong khi cao. Thong qua cac khi khong mo vao ban dém , CO2 dugc co dinh
trong t0i d€ cho ra cac hop chat C4 ( acid oxaloacetic, acid malic) nhd PEP carboxylase.

Céc hop chit C4 dugc tich trit trong khong bao cho t6i sang hom sau. Khi do cac hop
chat C4 dugc khir carboxyl d€ phong thich CO2 cho RubisCO.

®,
HCO5 Oxaloacetate
i o |~ NADH=
NAD"

Phosphoenolpyruvate

Malate ——— = Malate

- Malate
TN
v ooz “NADPH: NADP*

Pyruvate

4/11/2016
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So sanh con duwd'ng cla cay C4 va CAM

Sugarcane

Ca
CO,

Mesaphyll
cell Organic acid
Bundie- CO.
sheath
cell :

Sugar

{a) Spatial separation of steps

Pineapple

cAM
cO,
€D CO, incorporated Night
into four-carbon Organic acid
arganic acids
{carbon fixation)
coO, Day
—<5
> Organic acids
release CO, to
Calvin cycle
Sugar

{b) Temporal separation of steps

‘Copyright @ Pearsen Education, Inc_, publishing as Benjamin Gummings.

San pham cb dinh CO2 c6 4 C

» 4-carbon

3-carbon + CO,
compound

PEP carboxylase

organic acids

RuBP cycle ) (e
ZaY Vascl;nlar/
7 Sugar

Mesophyll
cells

Bundle-sheath
cells

tissue |
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San pham cb dinh C02c6 4 C

3-carbon + CO, » 4-carbon
compound PEP carboxylase organic acids
CO, is stored at night ... ... and used during the day.

G3P

34



