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PHOTOSYNTHESIS 

What is photasynthesis 
? Give a brief account of its discoveru 

PHOTOSYNTHESIS 

A lthough hterary meanng of photosynthesis 
1s syrithesis with the heln 

plants 
of lvgn 

organic matter m presence of ight Photosynthesis 
1s sometimes called as car. 

tion and s represented by the following 
traditional equation 

term is usually applied to a very mportant vitai process by which the green 

as carbon aw 

Lght 
60, C,O 6CO, 6H,O 

Hexose Sugar Grecn Plant 

In recent years, th1s cquation has morc appropriatcly bcen modified as follus 

Laght 
>60, + 611,0+ C,H,0, 

Hexose Sugar 
6CO, + 12H,O 

Green Plant 

Durng the process of photosynthesis the light enerey is converted into chemicail te 

and is stored in the organic matter which is usually the carbohydrate and along with 0 
the end products of photosynthesis. One molecule of glucose (C,H,,O,) for instance, UR 

about 686 K. Cal. (2868 kJ) of energy. CO, and H,O constitute the raw materiais for taz 
ceSs 

About 90% of the total photosynthesis in the world is carried out by algae growing 

un oceans" and also in fresh water 
Significance of Photosynthesis to Mankind 

t maintains cquilibrium of 0, in the atmosphere. 
It provides food either directly as vegetables, or indirectly as meat or miik ot 

which in turn are fed on plants.
Besides providing energy in the form of food, photosynthesis has also prov 
reserves of energy to man as fuel such as coal, oil, peat and also wood and d 

HISTORY OF PHOTOSYNTHESIS 
The history of photosynthesis dates back to about 1648 when Van Helmont pla pounds willow shoot in 200 pounds of dried soil. After 5 years of watering with rain w2ter 

This is an estimate by Rabinowitch (195). According to more recent figures give 1970) and Woodwell (1970), onily one third of the total global photosynthesis can be atrio buted 
marine plants 
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willow tree weighed 169 pounds. When the soil was dried and again reweighed, it was found 
to have lost only 2 ounces. He suggested that the increase in the plant substances o 

willow tree must have come fiom water alone. Prior to this and from the time of Aristotle the 

dea was prevalent that the plants feed on humus. 

Stephan Hales (1727) pointed out that the plants obtained a part of their nutrition trom 

the air and also sggested that sunlight may play a role in it. 
Priestley (1772) showed that the plants might estore the air which has been "injurea 

ue laden with CO,) by the burming of candles. 

Ingenhousz (1779) noticed that only the green parts of the plants were able to purify the 
air and that too n the presenee of sunlight. 

Jean Seebier (1782) noted that the air-purifying activity of plants depends on the pres 

ence of tixed ar (i e, CO,) and suggested that the air (O,) liberated by plants which are ex 
posed to sunl1ght is the product of the transformation of fixed air (CO,) by sunlight. 

Nicolas Theodore de Saussure (1804) showed that the total weight of the organic matter 
produced and oxygen evolved by the green plants in presence of sunlight was greater than 

the weight af fixcd air (CO,) consumed by them during this process. He concluded that be- 
sides fixed air (CO,) water must constitute the raw material for this proces. 

In 1845 Meyer recognised the role of light as a source of energy and thus it became pos 
sibie to formulate the overall process of photosynthesis as conversion of water, CO, and light 

energy into 0, and organic matter containing chemical energy by the green plants and which 
could be represented by the following equation. 

Light 

CO, H O, + Organic Matter Containing 

Chemical Energy Green plants 

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

Write explanator notes on 

i) Photosynthetic apparatus. 
Photosynthetic pigments and the absorption of light energy by them. 

(ii) Excited states of molecules, fluorescence and phosphorescence 

iv) Quantum requirement and quantum yield. 
Red drop and Emerson 's enhancement effect. 

(vi) 
(vii) 

(vii) 

Two pigment systems. 
Quantasomes, and 
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, 46u in length and 1-2u thick. 
The chloroplast is bounded by two membranes each app. 50 A thick and consisting of lipid 
bilayer and proteins. The thickness of the two membranes including the space enclosed by 
them is app. 300 A) Internally the chloroplast is filled with a hydrophilic matrix called as stroma 
in which are embedded grana. Each granum has a diameter of 0.25-0.8u and consists of 5-25 

disk shaped grana lamellae placed one above the other like the stack of coins (Fig. 11.1 A). In 
cross section these lamellae are paired to form sac like structures and have been called as 

thylakoids. Each grana lamella or thylakoid encloses a space, the loculus. The ends of disk 
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posed 

GRANUM DOUBLE LAYERED 

STROMA LAMELLAE 

(FRET. MEMBRANES) 

CHLOROPLAST MEMBRANE 

STROMA OSMIOPHILIC 

DROPLET 

GRANA LAMELLA

(THYLAKOID) 

A 
-FRETMEMBRANE 

PARTITION 
(STROMA LAMELLA) 

FRET CHANNEL 

MARGIN 

LOCULUS 

B THYLAKO1DS 

Fig. 11.1. A. Internal structure of a chloroplast. 
B. Few enlarged thylakoids from two grana. 

Chiorophylls and other photosynthetic pigments are found in the form of protein pign 
compleres mainly in thylakoid membranes of grana. The latter are sites of primary photoches 

cal reaction. Some of the protein-pigment complexes are also found in stroma lamellae De 

reaction of photosynthesis occurs in stroma. 

Besides necessary enzymes, some ribosom 
plasts which give them (chloroplasts) a partial genetic autonomy. 

(3 

and DNA have also been found in cklo: 

PHOTOSYNTHETIC PIGMENTS 

Photosynthetic pigments are of three types 
(1) Chlorophylls, (2) Carotenoids, and (3) Phycobillins. 

Chlorophylls and carotenoids are insoluble in water and can be extracted only w? po 
organic solvents. 

Phycobillins are soluble in water. 

Carotenoids include carotenes and xanthophylls. The latter are also called as caroteoa

S 
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fferent pigments absorb light of diflerent wavelengths and peak in Vvo and in viro. 

sorption 
characteristic alb- 

They show property o luorescence. 
tion of Photosynthetic Pigments in Plant Kingdom arib ihution of the difterent types of photosynthetie pigments in plar 

The drstr 

lant kimgdom IS hN7 n 
table 111, 

Table 11.1. Distribution of Photosynthetic Pigments in Plant Kingdom. 

Distribution in Plant Kingdom 
'gmen 

hlorophylls 

hiorophyila All photosynthesizing plants except bacteria. hirophyll-b

Higher plants and green algac 
hirophyll-c 

Diatoms, dinoflagellates and brown algac 
hiorophyll-d In some red algae 
hlorophyl1-e In Tribonema and zoospores of Vaucheria 
Racteriochlorophyll-a Purple and green bacteria 
Bacteriochlorophyl1-b In a strain of purple bacterium Rhodopseudomonus Bacteriochlorophyll-c. d& e 
Chlorobium chlorophyll Green bacteria 

or Bactenioviridin)

Bacteriochlorophyll-g Heliobacteria 
Carotenoids* 
arotenes Mostly in algae and higher plants 
Nanthophylls (Carotenols) Mostly in algae and higher plants 

3Phy cobillins 
Ptycoerythrins In blue-green and red algae 
Phycocyan1ns In blue-green and red algae 
Allophycocyanin In blue-green and red algae 

ature of Photosynthetic Pigments 
4) Chlorophylls. They are magnesium porphyrin compounds. The 
ing consists of four pyrrol rings joined together by CH 

Aong chain of C atoms called as phytol chain is attached too 
Tin Ting at iv pyrrol Ting. 

HC HC 

HC HC 
N 

Thenacal structures of chlorophyll-a and chlorophyll-b are well H 

PYRROL RING 

2re also found in all photosynthetic bacteria but they are structurally differcnt from those of algac ants 
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H 

and chlorophyl1-b 
are C, H,,0,N,Mg 

and 

HON,Mg respectively. 

Molecular 
structure of ehlorophyll-a 

and b are gnen m Fig. 11.2. Both of them 
con- 

SIsts of Mg-Porphyrin 
'head' 

which is hydro- 

phiic and a phytol tail' which is lipophilic. 
The 

tMO chlorophy!ls 
dffer because in ehlorophyll- 

then is a -CHO group 
instead of' a -CH, group 

at the 3rd C atom in ll pyTrol ing. 

Chlorophyll 

protochlorophyll 
in light. The protochlorophyll 

lacks two hydrogen atoms one each at 7th and 

Sth C atoms in N pyTTole ring. 

Molecular 
formulae of 

chlorophyll-a 

CH- 
N 

N 
H,C 

CH 
17 H 

formed 
from CH2 HE is 

CH COOCH 
COOC203s, 
PHYTOL Light 

>Chlorophyll CHAIN 

Protochlorophyll 211 

Fig. 11.2. Structural formula of chloro 
ophyl Thc formula for chlorophyl-b 

samc cxcept that there is-CHO 
in place of -CH, group encloge

Carotenoids (Yellow or Orange Pig 

ments) 

(Carotenes
dotted space. 

These consist of an open chain conju- 

gated double bond svstem ending on both sides 

1WIth ionone rings. 
They are hydrocarbons with a general molecular formula CH 

Different carotenes differ only in the arrangement of their molecules in space ie. th 

are sterioisomers. Structural formula of B-carotene is given in Fig. 11.3. 

Nanthophylls (Carotenols). These are similar to carotenes but differ in havinge 
oxygen atoms in the form of hydroxyl, carbonyl, or carboxyl groups attached to the 'iong0 
rings. Accordingly, their general formula is CH0 

HC CH H H HH H HH HH HH CH3 HH HC 

C= C=Cc=� C=Cc=� c=c �=� c =¢c=c- 

CH CH CH CH 
H, 

CH H.C 

IONONE RING 
IONONE RING 

Fig. 11.3. Structural formula of B-carotene. 

Apart from their role in absorption of light energy and its transfer to chloroply 
carotenoids play a_very important role in preventing_photodvnamic damage within the p 
Synthetic apparatus. Photodynamic damage is caused by oxygen molecules in their fifst 

State which is very reactive and is capable of oxidising whole range of organic co 
such as chlorophylls and thereby making them unfit (damaging) for their normal phys 

ompouné 

olog 

functions.]Carotenoids can prevent this photodynamic damage () by quenching the.ad 
cited tripe1 state of the chlorophyll photosynthesizer (ii) by quenching singlet oxye 
and (ii) rarely, some of the carotenoid molecules may act as substrate for oxidation by 

gen. which may have left in (i) and (i). 
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hebillins (Red and Blue Pagme ntsi 
siST Ot an pen conjuagted sYstem o Trngs and la 

the rad pgmKnt phvcoerythrobilin 
g and the phytol chain 

Photesynthetic Pignents in Chloroplasts N wng th lassacal unat membrane madci of 
eodranes the 

arnd n 
photosynthetic pigments were 

grana pNTNAIS Ot the chioro A mamNI at moiacuiar mxxies 
NH 

th atangemKnt ot pagment atteren wrie mm nnx to 
was 

eih hek that hirophyl molorules nmolecular iaver etaren the altemate 
ig 114 Sructure of phycoervthrobill 

heads ot the chiorophyll molerulks 
x NRn laver uhale the lipophilic 

methyl.F cth P 

propiony group 
M vdranhaklie 

OROP EAD 

PROTEINLAYER 

PHYTOL TAL 

lonophylls in benueen protein and ipd lavers of 

melia (AAer Rabunowitch and Govn 

ments were thought to be present along with the chlorophyll molecules. 

Rer ad Benson (1 966. 196) had also nciuded chlorophyll molerules n the fret membraness 

amelae in their model of the chloroplasts 
ears the Fiud Mosac Model of cell membranes has been widely raognised. 

he percepaon regardng the locanon of photosynthetic pigments in lamellar mem- 

hn the chioroplasts has also been changed. It is now widely accepted that the 

9-he pgments occur as protein-pigment compleres as parts of photosytems (pig 

and il ahuch are dispersed n the lipid bilayer of thylakoid membranes of grana. 

sc e presen: in sroma lamellac Fig 11.6). (For details of Fhuid Mosaic Model of 

emranes. see Chapter ii 

poue and ltlisa tion of Light Energ by Photosynthetic Pigments ole Ot 
Ctaef source of l1ght energ for photosynthesis is sun. 

he earh recerves only about 40% (or about 5 x 10°K.cal.) of the total solar energY 

ther absorbed by tbe atmosphere or 1s Scattered into space. 

A the ncident inght energ falling on green parts of the plants is not absorbed and 

pEments Sone of the ncadent nght is reflected. some is transmitted through them 

2small portaon is absorbed by the pigments 
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