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ü Nitrogen is one of the most important element of living organisms

üIn gaseous form , it is the most abundant gas in the atmosphere accounting 

for almost 78% of the total atmospheric gases

üBut plants cannot take up Nitrogen in inert gas form

üExcept certain microbes, atmospheric nitrogen can not be used by most

living organisms.

üPlants can use only combined form of nitrogen –Ammonia or nitrate.

Nitrogen 
Name Percent by 

Volume

Nitrogen N
2

78.084 %

Oxygen O2 20.9476 %

Argon Ar 0.934 %

Carbon Dioxide CO2 0.0314 %

Neon Ne 0.001818 %

Methane CH4 0.0002 %

Helium He 0.000524 %

Krypton Kr 0.000114 %

Hydrogen H2 0.00005 %

Xenon Xe 0.0000087 %



Nitrogen fixation

There are different ways that this atmospheric nitrogen is 
fixed so that plants can uptake and utililize

üBiological
ÅAgricultural land  (~35%)
ÅForest and 
non-agricultural land (~19%)
ÅSea (~4%)

üNon-biological
ÅIndustrial (~20%)
ÅBurning ( ~8%)
ÅLightning (~4%)



Bacteria (Nitrification)

Plants
Microorganisms

Nitrosomonas Nitrobacter
Nitrococcus

Thiobacillus 
denitrificans

Lightning

75% 15% 10%N2 + H2

Fertilizer

Food chain

Nitrogen Cycle Relationship between the three 

principal nitrogen pools - atmospheric, soil & biomass



üThe biological nitrogen fixers are unable to meet the nitrogen

demandof agriculturalcrops

üNeed for nitrogenous fertilizers for enhancedproductivity has

becomeessential

üThe advent of green revolution with use of input intensive

cultivarshasfurther led to extensiveuseof chemicalfertilizers

Biological nitrogen fixation ----Chemical nitrogenous  fertilizer



Source : FAO 2016

Year

Status of  Nutrients Consumption (NPK)



Regional and sub regional share

of world increase/decrease in

nitrogen fertilizer consumption,

2014-2018

Source : FAO 2016

World Demand for Fertilizer (2014-18) (thousand tonnes)



üChemical nitrogenous fertilizers are: Economically and

environmentallyinhibitory

×Extremelyenergy consumingconversionbecauseof stability

of triply bondedN2

×Highcostinput

×Leads to environmental problems as ground water

contamination, soil infertility, imbalance of biological

ecosystemetc

Nitrogen fertilizer : A necessary evil

Can biological nitrogen fixers work together 
with chemical nitrogen fertilizers ?????



BIOLOGICAL NITROGEN FIXATION

Microbes that are able to fix atmospheric nitrogen are grouped into 

ü Non Symbiotic bacteria

ü Blue-green algae

ü Symbiotic bacteria 

Organism in our study: Azotobacter chrococcum CBD 15

üHeterotrophic, non symbiotic (free-living) nitrogen fixing bacteria.

üNitrogen fixation in Azotobacter

Å Nitrogen fixation system is turned on when

ï No fixed nitrogen

ï Anaerobic

ï Temperature below 30 °C

Å Nitrogenase

ï Converts N 2 to NH 3



Nitrogen fixation in microbes: nifLA key players

Å The nifLA operon serves as the

master regulatory operon for the

entire process of nitrogen fixation.

Å In presence of chemical nitrogenous

fertilizers, there is no biological

nitrogen fixation, because the

ammonium generated by the chemical

fertilizer switches off the nifLA operon

Å The promoter of the nifLA operon in

Azotobacter is repressed by oxygen

and ammonia.

Å The expression of the nif operons are

sigma 54 mediated, which has a

typical requirement of an activator

that must bind to DNA at a site about

100 or more bases upstream of the

promoter.



üCantheNitrogenfixationprocessbecontinuous?

üCan the nitrogen fixing ability of Azotobacter be

improved upon?

üCan a mixture of the bacterial and chemically

synthesized fertilizers be employed together

to obtain good grain yield, at reduced

environmental cost?”

Questionééé.



üFreeing all the genes involved in nitrogen fixation from any

negative regulation, would lead to enhanced nitrogen fixation,

even in the presence of ammonium, so that biofertilizers can be

used even in the presence of chemical nitrogenous fertilizers.

üThe gene, nifL, that serves as the repressor of nitrogen fixation

can be deleted thus allowing constitutive expression of nif operon

The answer……….



A. chroococcum 
DNA
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0.35kb

pNEB193

Interposon

Interposon

pNEB193-
Interposon

A. chroococcum

Strategy for nifL Deletion along with nifLA promoter from 

the chromosome of A. chroococcum CBD15



1.5kb

L       

1.0kb

NifL Forward 

5ô- GCTCTAGA 

ATCGCGCTTTCCGCACCATCACCG-3ô

NifL Reverse 

5ô- CGGGATCC 

TCGACTCTAGAGGTGAGGCCGA-3ô 

Isolation of  nifL gene from A. chroococcum CBD15 and 

cloning in pNEB193

nifL gene cloned in pNEB193 vector 

(pDGJ205)



pDGJ205

4129bp

pDGJ205a

3015bp

Partial deletion of nifL gene

Partial Deletion of  nifL coding sequence using 

inverse PCR 

a b

a: reverse primer: 5’-AGGGCTTCTTCTGCGCCAGCCAGCC-3’
b: forward primer: 5’-GTTCTTCAGCACCAAGCCGCC-3’

3.0 kb

L       



pDGJ207

7694bp

Construction of  Kan-Interposon in  pDGJ205a and its  

confirmation with colony PCR

Colony PCR confirmation for Interposon cloned in 

pDGJ205a

1    2     3    4     5     6     7    8     9   10   11  12  13   14  15  

-ve

2.0kb

Construction for nifL deletion  



1- 8th Subculture of CBD15-Interposon- colony-1

2- 18th Subculture of CBD15-Interposon- colony-1

3- 8th Subculture of CBD15-Interposon- colony-2

4- 18th Subculture of CBD15-Interposon- colony-2

5- pDG207 (has Interposon)

6- CBD15 wild

Transformation of pDGJ207 (Kan-Interposon) to wild A. chrococcum  

CBD15 and PCR and Southern confirmation for Interposon insertion and 

nifL deletion in the genomic DNA of progeny of A. chrococcum  CBD15

Southernhybiridization analysisof nifL deletion

in A. chrococcumwith differentsubculture; 1- 4th

Subcultureof CBD15-Interposon- colony1, 2- 8th

Subcultureof CBD15-Interposon- colony 1, 3-

18th Subcultureof CBD15-Interposon- colony 1,

4- linear plasmid of pDGJ207 (has Interposon),

5- PCRproductof Interposon



pDGJ211

5459bp 1   2    3   4   5   6   7   8   9  10 11 12 13 1415  16  7 18  19 

20

100bp

Confirmation of colony of synthetic promoter in pDGJ205a and 

its transformation in to E. coli

Note: 1 to 20 colonies E. coli



PCR with using nifL5ôFwd

andnifL3ôRevprimers

Transformation of  pDGJ211 (Synthetic Promoter) plasmid to A. 
chrococcum  CBD15 nifL- mutant and its confirmation by PCR

Note: nifL is deleted and Kan-Interposon is replaced with 

synthetic promoter

CDB15- Wild A. chrococcum CBD15

CBD15-Kan-nifL deleted A. chrococcum CBD15

CBD15-M1- Mutant of  A. chrococcum CBD15

PCRwith SyntheticFwd and

nifL3ôRevPrimers

Probe using with Synthetic

Fwd andnifL3ôRevPrimers



Growth of A. chroococcum CBD15 and its mutants with nitrogen 
supplemented medium (1.1% ammonium acetate)

N+: With nitrogen

source (1.1% Ammonium

acetate)

N-: Without nitrogen source

N+: With nitrogen

source (0.1% Urea)



Nitrogenase activity and Expression analysis of nifA gene from A. 

chroococcum CBD15 ant its mutants with different sources of nitrogen

N- - Without nitrogen source

U - 0.1% urea

N+ - With nitrogen source (Ammonium acetate)



Temperature 25 ÁC  Ñ2

Photoperiod 16h L:8h D 

White florescence light 600 µE m-2 s-1 intensity 



Effect of seed inoculation of A. chroococcum CBD15 mutant 

on wheat growth

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  containing Synthetic promoter)

6- CBD15 + N (wild with Nitrogen source)

7- CBD15-Kan + N (nifL deleted with Nitrogen source)

8- CBD15 :M1+ N (Mutant with Nitrogen source)



Biomass (Dry weight) of wheat plants- seed treated with A. 

chroococcum CBD15 mutants 

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  containing Synthetic promoter)

6- CBD15 + N (wild with Nitrogen source)

7- CBD15-Kan + N (nifL deleted with Nitrogen source)

8- CBD15 :M1+ N (Mutant with Nitrogen source)

Strains/ 

Treatments

Leaf  length 

(cm) SEM

Control 9.19 þ1.358872

Urea 12.15 þ1.770687

CBD15 9.495 þ1.365418

CBD15-Kan 8.635 þ1.193803

CBD15-M1 13.11 þ1.817728

CBD15 +N 11.625 þ0.361985

CBD15-Kan+N 10.845 þ1.243476

CBD15-M1 +N 12.29 þ1.227518



DAS: Days After Sowing

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  containing Synthetic promoter)

with nitrogen source

without nitrogen source

Chlorophyll content of wheat plants seed treated with A. 

chroococcum CBD15 and its mutants.



1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  containing Synthetic promoter)

with nitrogen source

without nitrogen source

Total leaf protein of wheat plants-seed treated with A. 

chroococcum CBD15 and its mutants



Soil sample without nitrogen source Soil sample with nitrogen source

Leaf sample without nitrogen source Leaf sample with nitrogen source

Nitrate content of wheat plants seed treated with A. chroococcum 

CBD15 ant its mutants and also soil samples 



Nitrate content of wheat plants seed treated with A. chroococcum 

CBD15 ant its mutants and also soil samples 

Leaf sample without nitrogen source Leaf sample with nitrogen source

Soil sample without nitrogen source Soil sample with nitrogen source



Strains/Treatments pH SEM

Control 6.1 ±0.2

Urea 6.3 ±0.1

CBD15 6.2 ±0.1

CBD15-Kan 6.4 ±0.2

CBD15-M1 6.1 ±0.4

CBD15+N 6.4 ±0.2

CBD15-Kan+N 6.2 ±0.2

CBD15-M1+N 6.1 ±0.2
Strains/Treatments

Soil Moisture 

content (%) SEM

Control 3.266667 ±0.186027

Urea 3.533333 ±0.23388

CBD15 3.566667 ±0.066823

CBD15-Kan 3.366667 ±0.088398

CBD15-M1 3.9 ±0.208655

CBD15+N 3.5 ±0.100234

CBD15-Kan+N 3.466667 ±0.145637

CBD15-M1+N 3 ±0.208655

Soil pH and soil moisture of  wheat plants seed treated 

with A. chroococcum CBD15 mutants 

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  contain Synthetic promoter)

6- CBD15 + N (wild with Nitrogen source)

7- CBD15-Kan + N (nifL deleted with Nitrogen source)

8- CBD15 :M1+ N (Mutant with Nitrogen source)



Effect of seed inoculation of A. chroococcum CBD15 mutants on the 

appearance of wheat spikes

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  containing  Synthetic promoter)



S.No Treatment No. of  

Seeds/plant

Weight of  seeds 

(grams)/ plant

1 Control 75 2.31

2 Urea 216 6.48

3 CBD15 128 4.01

4 CBD15-Kan 116 3.96

5 CBD15-M1 235 7.36

6 CBD15 +N 196 5.91

7 CBD15-Kan +N 159 4.88

8 CBD15-M1 +N 225 7.45

Effect of  seed inoculation of  A. chroococcum CBD15 mutants 

with nitrogen source on the yield of  wheat grains

1- Control(0 Nitrogen)

2- Urea 

3- CBD15 (Wild)

4-CBD15 ïKan (nifL deleted)

5- CBD15-M1 (Mutant  contain Synthetic promoter)

6- CBD15 + N (wild with Nitrogen source)

7- CBD15-Kan + N (nifL deleted with Nitrogen source)

8- CBD15 :M1+ N (Mutant with Nitrogen source)



S.No Treatment Increase in yield
(%)

1 Urea 280.5

2 CBD15 173.6

3 CBD15-Kan 171.4

4 CBD15-M1 318.6

5 CBD15 +N 255.8

6 CBD15-Kan +N 211.2

7 CBD15-M1 +N 322.5

Effect of  seed inoculation of  A. chroococcum CBD15 mutants 

with nitrogen source on the percentage increase of  wheat grain 

yield 

1- Urea 

2- CBD15 (Wild)

3-CBD15 ïKan (nifL deleted)

4- CBD15-M1 (Mutant  contain Synthetic promoter)

5- CBD15 + N (wild with Nitrogen source)

6- CBD15-Kan + N (nifL deleted with Nitrogen source)

7- CBD15 :M1+ N (Mutant with Nitrogen source)



Using the similar approach….. This concept has been validated in field



Thank you


