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Recombinant DNA is copied as bacteria 
divide in culture many times and the foreign
gene is activated by the bacterial promoter 

leading to production of foreign protein 
which can be purified rather easily 

from the bacterial culture. 
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PRODUC TION OF RECOMBINANT DNA

GENES,  STEM CELLS AND REGENERAT IVE  MEDIC INE
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Ribbon diagram of two molecules
of restriction enzyme EcoRI (red 

and yellow) bound to the GAATTC 
DNA sequence (blue).

RECOMBINANT DNA TECHNOLOGY
Recombinant DNA technology is based on the discovery of DNA restriction enzymes in the 1960s and beyond. Re-

striction enzymes are natural bacterial proteins that recognize with high precision and exclusively a certain DNA se-

quence of usually six nucleotides, and physically cut any chromosome or piece of DNA at precisely this sequence. For 

example, the restriction enzyme called EcoRI was isolated from the bacterium Escherichia Coli and cuts all DNA double 

strands exclusively at the precise location of the nucelotide sequence GAATTC. Other restriction enzymes exhibit dif-

ferent sequence specificities. 

Recombinant DNA is produced using a pair of enzymes—a restriction enzyme to cut DNA and another one, called 

ligase, to join the ends of two DNA strands together. This is usually done using plasmids, small loops of DNA that 

are first cut by an restriction enzyme and then fused by ligase with any desired pieces of ’ foreign’ DNA. The resulting recombinant plasmid 

can replicate within bacteria and can be passed on to other bacteria, so that the recipient gains genetic information that it did not have upon its 

creation. Once researchers introduce a plasmid with a foreign gene into a bacterial cell, the cell natu-

rally reproduces the plasmid with the gene, resulting in innumerable copies of the foreign gene. One 

of the first applications of this technology was the production of recombinant human insulin, which 

was produced when the gene that codes for human insulin was introduced into the bacterium Escheri-
chia Coli. Within 24 hours, billions of bacterial cells were capable of manufacturing human insulin. 

 The following crucial areas would not have emerged without recombinant DNA technology:

• Genomics, which depends on the sequencing of genes

• Biotechnology, which depends on the production of protein from isolated genes

• Gene therapy, which depends on isolation and characterization of genes 

• The production of induced pluripotent stem cells, which depends 

 on the isolation and characterization of genes

INDUCED PLURIPOTENT STEM CELLS (iPSC)
In a series of astonishing experiments, Japanese and American sci-

entists showed in 2006 and 2007 that only four well-characterized 

genes, coding for the transcription factors OCT4, SOX2, KLF4 and 

C-MYC, need to be introduced into skin cells to derive induced 

pluripotent stem cells (iPSC). These iPSC are almost identical to 

embryonic stem cells, self renew indefinitely in culture, and differ-

entiate into any cell type. This raises the intriguing possibility to 

derive iPSC from patients’ skin cells, differentiate them into a de-

sired tissue, and re-implant the tissue into the patient without the 

danger of adverse immune reaction.

GENE THER APY
Classical gene therapy aims at treating recessive inherited genetic disorders that are caused by inac-

tivation of a gene by adding a functional gene into the most 

affected tissue. However, for dominant disorders that are caused by 

up-regulation of a gene or generation of a toxic protein, the 

most desirable way to treat the disease would be to replace the 

mutant gene with a healthy gene. Indeed, in the mouse, gene re-

placement ‘therapy’ has been possible for more than 20 years but 

in humans this field is in its infancy. 

One of the most exciting ways to introduce repaired genes into a pa-

tient is via stem cells. One could either use embryonic or adult 

stem cells from a healthy individual, thus replacing the faulty gene 

that way or one could repair the genetic defect in patient-derived stem 

cells, such as iPSC, which could be done outside the body, while they 

are grown in tissue culture. While the latter procedure would be com-

plex it would eliminate any problems with immune rejection.

REGENER ATIVE MEDICINE
Although regenerative medicine has been in the public eye only since 1998 when the first human 

embryonic stem cells were isolated, a precursor to this field, called cell therapy (cellular therapie) 

started in the first half of the 20th century with the use of fetal animal cells to repair or replace damaged 

tissues in patients. While these early fetal cell treatments were controversial, the field of regenerative 

medicine became truly established with the discovery of adult stem cells in the 1960s.

Today, regenerative medicine represents one of the most exciting medical fields and stands for the 

development and use of any stem-cell based techniques that can help regenerate damaged tissue. 

ADULT STEM CELLS 
A stem cell is a "starter" cell that has the ability to renew itself through 

cell division, as well as to differentiate into a diverse range of specialized 

cell types. Adult stem cells act as a repair system for the body, replen-

ishing specialized cells but also maintaining the normal turnover of 

regenerative organs, such as blood, skin, and intestinal tissues. First dis-

covered in bone marrow in the 1960s, adult stem cells have been success-

fully used for many years to treat leukemia and related bone/blood can-

cers through bone marrow transplants. 

EMBRYONIC STEM CELLS (ESC)
A four to five day old human embryo consists mainly of stem cells; they 

are the foundation for every cell, tissue and organ in the human body and 

are called human embryonic stem cells 

(hESC). Unlike adult stem cells they can be 

grown in the laboratory indefinitely and have the 

potential to differentiate into every cell type of 

the body, making them an attractive tool for 

future therapeutic transplantations, especially if 

used to produce replacement body tissues in the 

laboratory, using newly developed tissue engi-

neering methods. Due to the need to derive 

them from early human embryos and because of 

the fact that in a transplantation setting they 

could be subject to immune rejection by the host, 

another very recently discovered stem cell type 

called iSPC has captured scientists’ attention.
Above, hESC colony
Below, hESC-derived neurons

Generating induced pluripotent stem cells (iPSC). Fibroblasts (A) are infected with viruses containing 
reprogramming factors (B).Colonies of cells form (C), some of which contain iPSC (E), and these can be 
used for downstream applications (F).
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