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Protoplast isolation 
 
 

 

Protoplast: 

 

Protoplast, also known as naked plant cell refers to all the components of a plant cell 

devoid of cell wall thus surrounded only by plasma-lemma made up of pectin. 

 

The cell wall exerts wall pressure on the protoplast preventing excessive water uptake 

and bursting of the cell. 

 

Cell wall can be removed from explant tissue mechanically or enzymatically and then 

protoplast can be isolated. The isolated protoplast have the ability to fuse with each 

other irrespective of their origin. 

 

Protoplast offers possibility of efficient and direct gene transfer to plant cells or to 

generate fusion hybrids. By using a single protoplast, a whole plant can be regenerated. 

 

Protoplast yield and viability depends on the type of tissue material from which it is 

isolated and the methods of isolation used. 

 

 

Protoplast can be isolated from: 

- Mesophyll cells 

- Young microspores 

- Pollen grain calli 

- Embryonic and non-embryogenic suspension cultures 

 

Protoplast isolation methods: 

Before isolation of protoplast, the source material; in case of in vivo source, should be 

properly surface sterilized. 

Protoplasts are very fragile single cells, which must be maintained in an osmotically 

and nutritionally balanced medium to prevent lysis. 

 
There are majorly 2 methodologies used in protoplast isolation. 

 

1. Mechanical method 
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placing cells in suitable plasmolyticum. Once the plasmolysis is complete, the damaged 

plasmolysed cells were cut through knife mechanically to release protoplasts. 
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the hybrid embryos prior to abortion. 

Success of embryo culture: 
Successful development of an embryo depends on many factors. Embryos of some species are easier to grow in culture than are others, and 
differences sometimes occur between closely related cultivars. 

        Small embryos are often difficult to grow in vitro since, nutritional requirements of young embryos vary greatly and the chances of 
damaging the embryos are great therefore specialized techniques are used to improve success. In such situations, it may be possible to 
culture embryos by ovary or ovule culture methods). Ovaries are excised after pollination and the calyx, corolla, and stamens are removed. 
The ovary is surface-sterilized and cultured with the cut end of the pedicel inserted into the nutrient medium. The ovary then develops into 
a fruit with fully developed seeds. 

 
The exact nutritional requirement depends on the stage of embryo development 
There are 2 phases identified in embryo development. 

- In the heterotrophic phase, the young embryo requires a more complex medium and higher osmotic pressure than older embryos. The 
continued development of young embryos requires complex media supplemented with combinations of vitamins, amino acids, growth 
hormones, and, in some cases, natural extracts, such as tomato juice and coconut milk, to support development. 

- During the autotrophic phase, the embryo is metabolically capable of synthesizing substances required for its growth from the salts 
and sugar. In this phase, embryos can germinate and grow on a simple inorganic medium supplemented with a carbon source, such as 
sucrose. 

 

Embryo rescue: 
Embryo rescue refers to the culturing of immature embryos to p e most 
important application of embryo rescue is the production of inte 
In the normal circumstances, endosperm first develops and supp ortions 
are due to failure in endosperm development. 
Embryo abortion thus can be avoided by isolating and culturing 

 
 

This approach is useful to avoid embryo abortion and producing a viable plant. 
 
 

Embryogenesis 
The embryo of different developmental stages, formed within the female gametophyte (through sexual process), can be isolated aseptically 
from the bulk of maternal tissues of ovule, seed or capsule and cultured in vitro under aseptic and controlled physical conditions in glass 
vials containing nutrient solid or liquid medium to grow directly into plantlet. 

 
The embryo culture procedure involves aseptic excision of the embryo and its transfer to a suitable nutrient medium for development under 
optimum culture conditions. 
Thus the entire seeds or fruits containing the ovule are surface sterilized and the embryos are then aseptically separated from the 
surrounding tissues. 

 
 

From       <http://www.biologydiscussion.com/plant-tissues/embryo-culture/embryo-culture-meaning-categories-principles-and-protocols-plant-tissue/14709> 

 

Although the entire ovule containing undifferentiated embryos is cultured, but it is referred to as embryo culture.> 
 
 
 

An embryo is the product of gametes and signifies initial stage of development 
The 1st cell division in plant embryo results in asymmetric division giving rise to a small apical and a lower basal cell. The apical cell gives 
rise to embryo, while the lower cell gives rise to suspensor cells 
In some plant species, embryos are produced without the fusion of gametes and the process is termed as asexual embryogenesis. 

 
 

It is of 2 kinds: 

• Somatic/ in-vitro embryogenesis 

• Zygotic embryogenesis 
 

Somatic embryogenesis 

http://www.biologydiscussion.com/plant-tissues/embryo-culture/embryo-culture-meaning-categories-principles-and-protocols-plant-tissue/14709
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Tissue Culture is widely used in: 

• Obtaining disease free plants 

• Rapid propagation of plants those are difficult to propagate. 

• Somatic hybridization 

• Genetics improvement of commercial plants. 

• Obtaining androgenic and gynogenic haploid plants for breeding programmes. 
 

Three main methods generally used in tissue culture are: 

• Micro propagation through the enhanced multiplication of axillary bud 

• Organogenesis 

• Somatic embryogenesis. 
 

Micro-propagation refers to the production of whole plants from cell cultures derived from explants (the 
initial piece of tissue put into culture) or meristem cells. 

 
Haberlandt was the first scientist to produce whole plants from plant tissues and so he is popularly called as 
the “Father of Tissue Culture’. Plant tissue culture and molecular biology form the basis for genetic 
engineering. 
Plant tissue culture consists of pollen culture, callus tip culture, stem tip culture, meristem tip culture and 
protoplast fusion (Fig: 1). 

 
From <http://agritech.tnau.ac.in/bio-tech/biotech tc notes.html> 

 
 
 
 
 
 
 
 
 
 

Plant tissue culture refers to the in-vitro manipulation of plant cells and tissues. 
Whole plants can be regenerated in vitro from tissues, cells, or from a single cell to form whole plants by 
culturing them on a nutrient medium in a sterile environment. 

 
Plant tissue culture involves asexual methods of propagation and its primary goal is crop improvement.1 

 
   Plant cells are unique as its every cell has the potential to form whole new plant like stem cells. However, an 

understanding of plant species and explant (donor tissue that is placed in culture) is essential to the 
development of an efficient regeneration 

 
Tissue culture is used as a common term to describe all types of plant cultures, namely callus, cell, protoplast, 
anther, meristem, embryo and organ cultures. 
Tissue culture relies on the phenomenon of cell totipotency, which is the ability of single cells to divide, to 
produce all the differentiated cells characteristic of organs, and to regenerate into a whole plant. 

 
   Applications of tissue culture: 

- Elite varieties can be clonally propagated. 

- Endangered plants can be conserved. 

- Virus-free plants can be produced by meristem culture. 

- Germplasm can be conserved. 

- Secondary metabolites can be produced. 

- Indispensable for transgenic plant production. 
 

History of tissue culture: 
In 1962, Toshio Murashige and Skoog published the composition of plant tissue culture medium known as 

http://agritech.tnau.ac.in/bio-tech/biotechtcnotes.html
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        Steps involved in Agrobacterium infective process: 
1. Signal recognition by Agrobacterium spp. 
2. Attachment of agrobacterium to plant cell. 
3. Induction of different virulence genes 
4. Production of T-DNA strand 
5. Transfer of T-DNA into the plant cell 
6. Integration of single-stranded T-DNA into plant chromosome. 

 

Production of transformed plants with the Ti plasmid 
If A.tumefaciens bacteria that contains an engineered Ti plasmid are introduced into a plant in the natural 
way then only the cells in the resulting crown gall will possess the cloned gene. 

 

✓ Wounded plants secretes a sap with high content of phenolic compounds such as acetosyringone and 
hydroxyacetosyringone, which serve as chemical attractants for Agrobacteria and stimulate expression of 
virgenes. 

✓ It results in infection of plant by Agrobacterium, insertion of T-DNA region at a random site in host genome 
and proliferation of plant cells to form crown gall growth. 

 

Use of Ti plasmid in genetic transformation 
For its use in genetic transformation as a vector, most of the T-DNA region of agrobacterial Ti-plasmid is 
replaced with the gene of interest while leaving the left and right border sequences. 
The T-DNA region is defined not by its sequence but by its borders which enables its insertion into host plant 
genome. 

 

T-DNA transfer and integration: 
1. Signal induction to Agrobacterium 
2. Attachment of Agrobacterium to plant cells 
3. Production of virulence proteins by the bacterium 
4. Excision of single stranded DNA (called T-DNA) mediated by virulence proteins and T-DNA-vir D2 

complex is exported to the plant cells. 
5. T-DNA-vir D2-vir E2 complex enters into the nucleus and gets integrated into the plant chromosomes. 

 

Steps involved in Agrobacterium mediated genetic transformation of plants by ‘Wounded explant’ 
method: 

 

• Gene of interest is isolated/amplified from a source organism. 
• An expression cassette is developed including gene of interest flanked by promoter and terminator 

sequences to drive expression and marker genes to facilitate selection of transformed plants by tracking 
introduced genes in the host plant. 

• Insertion of cassette into T-DNA region of the binary vector/co-integrate vector is carried out. 
• Transformation of the above expression vector into Agrobacterium is done. 
• Explants are obtained from plant that is to be transformed. They are wounded and then co-cultured for 

a brief period for Agrobacterium infection. This is done using tissue culture methods. 
• The transformed explants are then grown in presence of a bacteriostatic agent to prevent the growth of 

Agrobacterium and in presence of a selective antibiotic which prevents survival of any untransformed 
explants. 

• Positive transformants are tested by PCR analysis to check for the presence of desired gene. 
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Enzyme immobilisation 
06 May 2019 09:40 

 
 
 

enzymes on usage increases the rate of chemical reactions without themselves being permanently 
altered or consumed during the reactions. 
In absence of enzymes, progress of most biochemical reactions significantly slows down. 

 
Majority of enzymes are costly and their usage in industrial applications is prohibited due to following 
reasons: 

• Lack of long term operational stability 
• Technically challenging recovery process and reuse of the enzymes. 

 

In order to make enzyme utilisation more useful, different methods are used for cost reduction and 
immobilisation of enzymes is one of them 

 

Enzyme immobilisation; 
It refers to the technique of confining the enzymes on an inert support for their stability during reaction 
and functional re-use. 

 

By enzyme immobilisation methods, enzymes are made more efficient, attractive and cost effective for 
the industrial use as immobilized enzymes retains their structural conformation for the catalysis. 

 
Principle components of an immobilized enzyme system: 

• Enzyme 
Enzyme immobilisation methods are based on the fact that proteins have amino acids and the 
functional groups in side chains of these amino acids can be involved in the binding to the support 
matrix through various kinds of linkages and interactions 

 

• Matrix 
A support matrix principally maintains the 3ry structure of the enzymes by formation of complexes 

 
Choice of matrix: 
Characteristics of matrix is essential in determining the effectiveness of the immobilised 
enzyme system. 

 

An ideal support matrix should be: 
a. Non toxic 
b. Inert 
c. Biodegradable 
d. Regenerabilitt after usage 
e. Readily accessible at low cost 
f. Resistant to microbial attack 

 

• Mode of attachment 
Support matrix attaches with the enzyme molecules by various types of linkages and interactions 
such as 

a. Reversible physical adsorption 
b. Ionic linkages 
c. Affinity binding 




