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ABSTRACT

The Winogradsky column is mainly constructed to know that how the
microbial diversity and ecological relationship between the
microorganisms exit in their natural environment. In the present review,
by using Winogradsky column the microbial metabolism and its network
analysis is investigated. Prokaryotes and Archaea bacteria show great
metabolic diversity and these microorganisms keeps our biological world
continuous recycling. Different types of organisms are detected in this
present study; Winogradsky column forms three layers according to their
energy and light requirement. On the top layer majority of the microbes in
the water layer were photoautotrophic organisms like cyanobacteria,
Algae, and many sheathed bacteria and chemoautotrophs such as
Beggiatoa and Thiobacillus sulfur oxidizing bacteria are dominant on
surface but the ratio decreases as in the lower layers .Further, the next
gradient promote aerobic chemoheterotrophic bacteria are more in
number in the higher or middle layer of the column when compared to
bottom -green and purple sulfur phototrophic bacteria like
Rhodhospirilum, Rhodhomicrobium, Rhodhopseudomonas and anaerobic
Chlorobium are found in the microbial population. In the oxygen depleted
zone or bottom layer anaerobic chemoheterotrophic or sulphur reducing
bacteria are found more dominant such as Desulfovibrio and clostridium
are mostly found. Phylogenetic tree was constructed using MEGA v7
Software.
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INTRODUCTION:

A Russian microbiologist named Sergai Winogradsky worked in 1800’s -1900’s on Environmental microbiology,
Ecology; he is one of the great founders of microbiology. He constructed a simple device called Winogradsky
column this allows us to see the microorganisms in the microbial ecology. The main purpose of this column is to
observe the growth and development of microorganisms in the microbial ecology.

Winogradsky column it is a glass container anoxic device that is used as a long term inoculant for enrichment
cultures it is particularly good for the enrichment cultures of purple, green phototrophic bacteria and sulfate
reducing bacteria.

The Winogradsky column is made of tall glass or plastic tube and it is filled with one third of river or lake mud is
collected (while collecting the mud remove all the stones, sticks, pebbles, debris) and water is added to make
uniform slurry. To that slurry nutrients are supplemented like carbon and sulfur. Carbon source such as hay,
shredded newspaper (contains cellulose), blackened marshmallows or eggshells contain calcium carbonate and
sulfur source such as calcium sulfate or egg yolk are added and make a slurry of mud and nutrients .Rest of the
tube is filled with water from river and tube is capped tightly and kept for incubation near the window for
sunlight.

After 3 to 4 months later different types of microorganisms occupy distinct layers showing aerobic, anaerobic, and
sulfide zones in the column

Figurel: Winogradsky column

MATERIALS USED:

Plastic wrap

Rubber band

Plastic bottle or glass tube,

River mud

Egg yolk, (for calcium sulphate)

Shredded newspaper (for cellulose)

Egg shells and blackened marshshallows (calcium carbonate)
River water
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Figure 2 : oxygen, sulfur, sunlight gradients
After 3 to 4 months later different types of microorganisms occupy distinct layers showing aerobic, anaerobic, and
sulfide zones in the column

Winogradsky column shows different coloured bands showing photosynthetic bacteria in the column. These forms
mainly three zones :

1. Aerobic
2. Micro aerophilic
3. Anaerobic zone

Figure 3 :Column showing microbial network and colored bands
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Aerobic:

On the top of the oxygenated zone there exist different aerobic organisms, Algae and Photosynthetic cyanobacteria
shows green color. They are formed by spiral filaments and there is a strong belief that chloroplasts plants
originated as Cyanobacteria.( They are nitrogen fixing bacteria) .Cyanobacteria is also known as blue-green algae
and are valid for compatible systematic terms. This micro-organism contains both unicellular to multicellular
prokaryote that contains chlorophyll a and performs oxygenic photosynthesis related with photosystems. Their life
processes require only carbon dioxide, water, inorganic compounds and light.

COz ------- CHz 0; HzO--Oz

CH.0 ------ COz O2--

Figure 4: Cyanobacteria

SULPHUR OXIDIZING BACTERIA:

H.S from bottom layer diffuses into aerobic gradient where it is oxidized to sulphate by Sulphur oxidizing bacteria.
These organisms termed as Chemoautotrophs - Beggiatoa and Thiobacillus oxidize sulfate.

Beggiatoa forms long filaments hairs like structures and it is mainly used in Winogradsky classic experiment -
‘autotrophy’, it comes out of the mud at night, at night H2S increases and comes out for low levels of 02.

H2S +202 > SO04= +2H+
HS-+1/202 + H+ - SO + H20

S02 + H20 +202 - 2S04= + 2H+
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Figure 5 : Beggiatoa

Micro-aerophilic:

In this zone oxygen is scarce and it diffuses down, whereas Sulfur from lower zone moves up in the form of H2S. In
this column anaerobic photosynthetic bacteria can grow. Purple Sulfur bacteria and green sulfur bacteria are
normally distinguished by two narrow bright coloured bands immediately one above the sediment layer.

GREEN AND PURPLE SULPHUR BACTERIA:
Green sulfur bacteria have smaller cells like chlorobium is characterized by green colour and grows in anaerobic
conditions.

Figure 6 : Chlorobium

In the microaerophilic zone such as Rhodospirillum and Rhodopseudomonas appears in light orange colour and
they have large cells they deposit sulfur granules inside the cells.

H,S =89, CO; = CH20
Hz2 =59, CO2=CH20

Above the photosynthetic bacteria purple non-sulfur bacteria shows bright red colour include species
Rhodopseudomonas, Rhodospirillum and Rhodomicrobium.

6C02 + 6H20 - C6H1206 + 602 (Plant photosynthesis)

6C02 + 6H2S = C6H1206 + 6S (Bacterial anaerobic photosynthesis)
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Figure 7 : Rhodospirillum
Anaerobic Zone :

In this gradient only those organisms that are able to ferment organic matter and grow in the absence of 02
anaerobic respiration perform.

SULPHUR REDUCING BACTERIA:

Sulfur reducing bacteria such as desulfovibrio perform anaerobic respiration they are also considered as obligately
anaerobic, aerotolerant species. During the metabolism of sulphate reducing bacteria, the sulfate is reduced to
hydrogen sulfide (H2S), with combines with Fe+2 and forms FeS, this sediment appear black.

H,S+Fe = FeS + H;

Clostridium species (cellulose-degrading) bacteria are grows when the oxygen is completely depleted in the
sediment. Clostridium species are anaerobic because their vegetative cells are eradicate by exposure to oxygen, but
they can survive as spores in aerobic conditions. They reduce the cellulose to glucose and then ferment the glucose
to produce energy. They are obligate anaerobes which produce endospores and they are bottle shaped.

5042‘ = st, CHzO = COz

CH20=COz =H»

Figure 8 : Desulfovibrio
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Table 1: Microbial Environment

Oxygen Sulfur Gradients Possible Observations | Environment | References
Level Level Organisms
High Low Air Algae Stewart,w.d.p
Oxygen Sulfur Sunlight
Sheathed
Bacteria
: Cyanobacteria,
Aerobic Zone . Grass green .
Beggaiota, Pipage,Helen
Thiobacillus, K
Increasing diatoms, Protists Decreasing
Decreasing Sulfur Photoheterophs Sunlight
oxygen Brownish - Red Saga.m ’
Purple non- Dorion
Microaerophilic | sulfur Bacteria
Zone Purple Sullfur Purple Zavarin
Bacteria
Green Sulfur Green
Bacteria Low Sunlight
High . Sulfur reducing Madigan
O)I(J;g“;n Sulfur Asrelgfrl;lztr):f bacteria Gray M;Martinko
content Clostridium Black

— gi|166362741:c4805302-4803950 Microcystis aeruginosa NIES-843 DNA complete genome

L gi|187932320:1246669-1248005 Clostridium baotulinum B str. Eklund 178 complete genome

gil83591340:1404248-1404853 Rhodospirillum rubrum ATCC 11170 chromosome complete genome

qi|926804915:5483-8238 Monoraphidium neglectum strain SAG 48 87 unplaced genomic scaffold scaffold02174 whole genome shotgun sequence

Figure 9: Phylogenetic tree (UPGMA) using MEGA

— qi|21672841:c1096775-1096272 Chlorobium tepidum TLS chromosome complete genome

L gil46562128:¢926780-926250 Desulfovibrio wulgaris str. Hildenborough chromosome complete genome

The phylogenetic tree is constructed by performing microbial column assessment using MEGA. On sequencing
16srRna the Phylogenetic tree shows different microorganisms the species Clostridium, Microcystis aeruginosa

belongs to same group and also Rhodospirillum occupies the same ancestor of bacteria. Then the

group

Chlorobium tepidum, Desulfovibrio vulgaris, belong sulphur reducing bacteria and monorphidium neglectum
belong to algae
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