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During the process of photosynthesis the light energy is converted into chemica) g
and 1s stored in the organic matter which 1s usually the carbohydrate and along with (,
the end products of photosynthesis. One molecule of glucose (C H, 0,) for instance, .z,
shout 686 K. Cal (2868 kJ) of energy. CO_ and H O constitute the raw matenals for & -
cess.

About 90% of the total photosynthesis in the world is carried out by algae growin
n occans® and also n fresh water.

Significance of Photosynthesis to Mankind
® [t maintains equilibrium of O, in the atmosphere.
® It provides food either directly as vegetables, or indirectly as meat or mulk of 7=
which in turn are fed on plants.
® Besides providing energy in the form of food, photosynthesis has also provics
reserves of energy to man as fuel such as coal, oil, peat and also wood a0t &

HISTORY OF PHOTOSYNTHESIS

The mistory of photosynthesis dates back to about 1648 when Van Helmont 07
pounds willow shoot in 200 pounds of dried soil. After § years of watering with rain W -
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willow tree weighed 169 pounds. When the soil was dried and again reweighed, 1t was found
to have lost-only 2 ounces. He suggested that the increase in the plant substances of the
willow tree must have come from water alone. Prior to this and from the time of Aristotle the
idea was prevalent that the plants feed on humus.

Stephan Hales (1727) pomnted out that the plants obtained a part of their nutrition from
the air and also suggested that sunhght may play a role i 1t

Priestley (1772) showed that the plants might restore the air which has been “injured”
(1 ¢ laden with CO)) by the burnmg of candles,

Ingenhousz (1779) nonced that only the green parts of the plants were able to purify the
air and that 1o 1 the presence of sunhght.

Jean Senebier (1782) noted that the air-purifying activity of plants depends on the pres-
ence of fixed aw (v ¢ COY) and suggested that the air (0,) liberated by plants which are ex-
posed 1o sunhght 18 the product of the transformation of fixed air (CO,) by sunlight.

Nicolas Theodore de Saussure (1804) showed that the total wcigh{ of the organic matter
produced and oxygen evolved by the green plants in presence of sunlight was greater than
the weight of fixed aw (CO,) consumed by them during this process. He concluded that be-
aides fived air (CO) water must constitute the raw material for this process.

In 1845 Meyer recogmised the role of light as a source of energy and thus it became pos-
wble 1o formulate the overall process of photosynthesis as conversion of water, CO, and light
energy mnto O, and organic matter containing chemical energy by the green plants and which
could be represented by the following equation.

Light
CO, - HO ————— 0, + Organic Matter Containing
Green plants Chemical Energy

In 1864 Julius Sachs showed that the process of photosynthesis takes place in chloro-
plasts and results in the synthesis of starch (organic matter).

Q. Write explanatory notes on

(i) Photosynthetic apparatus.

(ii) Photosynthetic pigments and the absorption of light energy by them.
(iii) Excited states of molecules, fluorescence and phosphorescence.

(iv) Quantum requirement and quantum yield.

v) Red drop and Emerson’s enhancement effect.

vij Two pigment systems.
fvii) Quantasomes, and
fviii) Action spectrum.

+ " PHOTOSYNTHETIC APPARATUS

The chloroplasts in green plants constitute the photosynthetic apparatus. Typically, the
chioroplasts of higher plants are discoid or ellipsiodal in shape, 4-6u in length and 1-2u thick.
The chloroplast is bounded by two membranes each app. 50 A thick and consisting of lipid
bilaver and proteins.(Thc thickness of the two membranes including the space enclosed by
them 1 zpp. 300 A) Internally the chloroplast is filled with a hydrophilic matrix called as stroma
i which are embedded grana. Each granum has a diameter of 0.25-0.8p and consists of 5-25
2k shaped grana lamellae placed one above the other like the stack of coins (Fig. 11.1 A). In
trons section these lamellae are paired to form sac like structures and have been called as
thylakoids. Fach grana lamella or thylakoid encloses a space, the loculus. The ends of disk-
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Fig. 11.1. A. Internal structure of a chloroplast
B. Few enlarged thylakoids from two grana.

Chlorophylls and other photosynthetic pigments are found in the form of protein pigy
complexes mainly in thylakoid membranes of grana. The latter are sites of primary photoche
cal reaction. Some of the protein-pigment complexes are also found in stroma lamellze Py
reaction of photosynthesis occurs in stroma.

Besides necessary enzymes, some ribosomes and DNA have also been found in chi
plasts which give them (chloroplasts) a partial genetic autonomy.

PHOTOSYNTHETIC PIGMENTS

\/Pﬁtosynthetic pigments are of three types :-
(1) Chlorophylls, (2) Carotenoids, and (3) Phycobillins.

® Chlorophylls and carotenoids are insoluble in water and can be extracted only
organic solvents.

® Phycobillins are soluble in water.
® Carotenoids include carotenes and xanthophylls. The latter are also called as carotes®
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SIZIng plants except bacteria,
—_—

“orophyll-b and green algac

Higher plants

——
Chlorophvll-c Diatoms, dinoflagellates and brown algac
Csiorophvil-d [n some red algae

~Snrophyll-e In Tribone ~ :
Chlorophy "bonema and zoospores of Vaucheria

= acter 11
3sctenochlorophyll-a Purple and green bacteria

gscenochlorophyll-b

In a strain of purple bacterium Rhodopseudomonas

.-—;“:;:;nochlomphyll-c. d&e
Chlorobium chlorophyll Green bacteria
v Bactenovinidin)

dactenochlorophyll-g Heliobacteria

. Carotenoids*
arotenes Mostly in algae and higher plants
\znihophylls (Carotenols) Mostly in algae and higher plants

" Phyvcobillins

“tycoerythrins In blue-green and red algae
“hycocyanins In blue-green and red algae
\‘
“lophycocyanin | In blue-green and red algae
——— —
“ture of Photosynthetic Pigments "
Chlurophylls_ They are magnesium porphyrin compounds. The HC HC
70 ning consists of four pyrrol rings joined togcther by CH
A long chain of C atoms called as phytol chain is attached to HC HC
0 ring at v pyrrol ring. H
§ ‘r,,:.‘.r:‘._!(,a} structures of chlorophyll-a and chlorophyll-b are well PYRROL RING
¢d
a, e ——— e s s —————

““are also found in all photosynthetic bacteria but they are structurally different from those of algac
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Lght .

> Chlorophyll SART

pProtochlorophyll .

P L vallow anee Pig- Fig. 11.2. Structural formula of ch) |
V) Carotenoids (Yellow of Orane > The formula for chlomph;rlf’é’h)\l-:
same cxcept that there is-CHo 1S 3.

gro;

mcnts)
(/) Carotenes | ) . _ in place of -CH, group enclosyg |
@ These consist of an open chain conju- dotted spacc. *

gated double bond system ending on both sides
with ‘ionone’ rings.
@ They are hydrocarbons with a general molecular formula C, H_.
@ Different carotenes differ only in the arrangement of their molecules in space ¢, g,

isomers_)Stmclural formula of B-carotene is given in Fig. 11.3.

are steri
\Aamhophylls (Carotenols). These are similar to carotenes but differ in having
oxygen atoms in the form of hydroxyl, carbonyl, or carboxyl groups attached to the ‘iono

rings. Accordingly, their general formula is C H,O,.

HC CHETH HH W HH HK H HH H H MG O
| | P L I
H, C=CC|J=CC=C (13=CC=CC=(|3C=CC=CIC=C H,
” CH, CH, CH, CH, "
/
H, CH HC  H,
IONONE RING I(jNONE RING
Fig. 11.3. Structural formula of B-carotene.

Apart from their role in absorption of light energy and its transfer to chlorophyll !
carotenoids play a very important role in preventing photodvnami ithi hov
heir first st

synthetic apparatus. Photodynamic damage is caused by oxygen molecules in t
state which is very reactive and is capable of oxidising whole range of orga
such as chlorophylls and thereby making them unfit (damaging) for their norma
funct:on:QCarotenoids can prevent this photodynamic damage () by quenching tl
cited trip#et state of the chlorophyll photosynthesizer (ii) by que.nching singlet axyger dird
and (4ii) rarely, some of the carotenoid molecules may act as substrate for oxidation by sif et
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