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Table 8-3  Molecular Biology of the Cell (© Garland Science 2008) 

Some major steps in the development of recombinant DNA and transgenic technology 



Mouse models 

• Mouse models of CVD inform human genetic studies and clinical 

trials. A mutation is first identified in the human patient population; 

subsequently, animal models with cardiac dysfunction or disease of 

known cause are generated via manipulation of the mouse genome 

through transgenesis or gene targeting. Mechanistic studies in these 

animals can lead to an iterative process in which candidate genes 

are subsequently identified and then coupled with human genetic 

studies of individuals with familial CVD in an effort to find mutations 

in those genes. These studies have provided molecular insights into 

the genes and signaling pathways that underlie cardiac pathology, 

and are currently being used clinically for genetic screening and risk 

assessment, as well as for the development of evidence-based 

therapies 



Mouse models 



How to inactivate a gene? 

• In vitro? 

• In vivo? 



Types of manipulation 

1. Since 1981/82 it is possible to “over-

express” a gene of interest in mice (or 

fruitfly) (“random insertion”) 

2. Overexpression can be “abnormally high”, 

in the “wrong tissue”, or at the “wrong 

time” in development 

3. By placing the gene under the control of 

an inducible promoter the gene can be 

switched on or off at any time  



Types of manipulation 

1. Cardiac specific expression is achieved 

by using for example:  

a) Alpha myosin heavy chain (aMHC) 

promoter 

b) Myosin light chain 2v (ML2v) promoter 



Figure 8-64  Molecular Biology of the Cell (© Garland Science 2008) 

Types of manipulation 



Gene modification 

• Unlike higher eukaryotes (which are 

multicellular and diploid), bacteria, yeasts, and 

the cellular slime mold Dictyostelium generally 

exist as haploid single cells. In these 

organisms, an artificially introduced DNA 

molecule carrying a mutant gene can, with a 

relatively high frequency, replace the single copy 

of the normal gene by homologous 

recombination. It is therefore easy to produce 

cells in which the mutant gene has replaced the 

normal gene.  



Gene modification 

• In this way cells can be made in order to miss a 

particular protein or produce an altered form of 

it. The ability to perform direct gene 

replacements in lower eucaryotes, combined 

with the power of standard genetic analyses in 

these haploid organisms, explains in large part 

why studies in these types of cells have been so 

important for working out the details of those cell 

processes that are shared by all eucaryotes.  



Figure 8-61  Molecular Biology of the Cell (© Garland Science 2008) 

Ectopic misexpression of 

Wnt, a signaling protein that 

affects development of the 

body axis in the early 

Xenopus embryo.  

In this experiment, mRNA 

coding for Wnt was injected 

into the ventral vegetal 

blastomere, inducing a second 

body axis (Sokol et al., Cell 

1991) 



Types of manipulation 

4. Dominant negative mutations are often 

employed particularly in those organisms 

in which it is simpler to add an altered 

gene to the genome than to replace the 

endogenous genes with it. The dominant 

negative strategy exploits the fact that 

most proteins function as parts of larger 

protein complexes. The inclusion of just 

one nonfunctional component can often 

inactivate such complexes.  



Types of manipulation 

4. Therefore, by designing a gene that 

produces large quantities of a mutant 

protein that is inactive but still able to 

assemble into the complex, it is often 

possible to produce a cell in which all the 

complexes are inactivated despite the 

presence of the normal protein.  



Figure 8-62  Molecular Biology of the Cell (© Garland Science 2008) 



Site directed mutagenesis 

• In studying the action of a gene and the 

protein it encodes, one does not always 

whish to make drastic changes. It is 

sometimes useful to make slight changes 

in a protein’s structure so that one can 

begin to dissect which portions of a protein 

are important for its function. The activity 

of an enzyme, for example, can be studied 

by changing a single amino acid in its 

active site.  



Figure 8-63  Molecular Biology of the Cell (© Garland Science 2008) 

Site directed mutagenesis 



Figure 8-65  Molecular Biology of the Cell (© Garland Science 2008) 



Figure 8-66  Molecular Biology of the Cell (© Garland Science 2008) 

Transgenic mice engineered to express a mutant DNA 

helicase show premature aging 

The helicase, encoded by the Xpd gene, is involved in both transcription and DNA 

repair. Compared with a wild-type mouse of the same age (A), a transgenic 

mouse that expresse a defective version of Xpd (B) exhibits many of the 

symptoms of premature aging, including osteropososis, emaciation (cachexia), 

early graying, infertility, and reduced life-span. The mutation in Xpd used here 

impairs the activity of the helicase and mimics a mutation that in humans causes 

“trichodystrophy”, a disorder characterized by brittle hair, skeletal abnormalities, 

and a very reduced live expectancy. These results indicate that an accumulation 

of DNA damage can contribute to the aging process in both humans and mice (de 

Boer et al., Science 2002) 
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Phospholamban gene targeting 



Figure 8-38 (part 1 of 4)  Molecular Biology of the Cell (© Garland Science 2008) 

Detection of specific RNA or DNA molecules by gel transfer 

hybridization (Northern (RNA) and Southern DNA blots) 



Figure 8-38 (part 2 of 4)  Molecular Biology of the Cell (© Garland Science 2008) 

Detection of specific RNA or DNA molecules by gel transfer 

hybridization (Northern (RNA) and Southern DNA blots) 



Figure 8-38 (part 3 of 4)  Molecular Biology of the Cell (© Garland Science 2008) 

Detection of specific RNA or DNA molecules by gel transfer 

hybridization (Northern (RNA) and Southern DNA blots) 



Figure 8-38 (part 4 of 4)  Molecular Biology of the Cell (© Garland Science 2008) 

Detection of specific RNA or DNA molecules by gel transfer 

hybridization (Northern (RNA) and Southern DNA blots) 



Micro-Array 1 



RNA sequencing technology 

Haas Nat Biotechn 2010 



Analysis of 

phospholamban-/- 





Phospholamban-/- 

• Generation and analysis of 

phospholamban deficient animals helped 

significantly to define the function of this 

important gene.  

• Today calcium cycling is an important 

target for gene therapy. 



Muscle LIM Protein (MLP) 

• 194 amino acid LIM (Lin11, Islet 1, Mec 3) 

LIM only protein (also known as: CSRP3, 

CRP3) 

• Muscle specific expressed 

 

1. LIM Domain 2. LIM Domain 

1. Glycin rich Domain (GRD) 2. GRD 

NLS (YGPKG) 
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Analysis of MLP gene expression via 

Northern Blot 

MLP is expressed in both 

atria and ventricles as well 

as in skeletal muscle 



Strategy: MLP-/- 



Phenotype: MLP-/- 



Phenotype: MLP-/- 

WT KO 



Phenotype: MLP-/- 

• MLP knockout animals develop a dilated 

cardiomyopathy heart failure phenotype.  

• MLP deficient animals were the first 

genetically altered mouse model to 

develop this phenotype.  



Gene Targeting 

• ...But what if deletion of a gene is 

embryonically lethal, and you don’t get 

viable offspring??? 



Tetracycline inducible expression systems 

Jaissier J Am Soc Nephrol 2000 

http://jasn.asnjournals.org/content/11/suppl_2/S95/F1.large.jpg


Cre/lox system 

Jaissier J Am Soc Nephrol 2000 

Cre / lox – gene inactivation  

Cre / lox – gene activation  

Temporal control of Cre / lox –  

activation via steroid hormone 

receptors (i.e. tamoxifen which 

is a synthetic glucocorticoid 

agonist or RU486 (a synthetic 

anti progesterone).  



How a conservative site-specific recombination enyzme from 

bacteria can be used to delete specific genes from particular 

mouse tissues 

• This approach requires the insertion of two 

specially engineered DNA molecules into the 

animals germ line. The first contains the gene for 

a recombinase (in this case the Cre 

recombinase from the bacteriophage P1) under 

the control of a tissue-specific promoter, which 

ensures that the recombinase is expressed only 

in that tissue. The second DNA molecule 

contains the gene of interest flanked by 

recognition sites (in this case lox P site) for the 

recombinase.  



How a conservative site-specific recombination enyzme from bacteria 

can be used to delete specific genes from particular mouse tissues 

• The mouse is engineered so that this is the only 

copy of this gene. Therefore, if the recombinase 

is expressed only in the liver, the gene of 

interest will be deleted there, and only there! 

• Many tissue specific promoters are known and 

available. Moreover many of these promoters 

are active only at specific times in development. 

Thus it is possible to study the effect of deleting 

specific genes at many different times during the 

development of each tissue.  



Figure 5-79a  Molecular Biology of the Cell (© Garland Science 2008) 

Cre mediated recombination 



Figure 5-79b  Molecular Biology of the Cell (© Garland Science 2008) 

Cre mediated recombination 



gp130 

• Gp130 is a cytokine receptor expressed in 

a variety of different cells 

• Conventional gp130 knockout results in 

embryonic lethality, thus no viable gp130 

animals are born and the heart can’t be 

analyzed.  



gp130 myocardium specific-/- 
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Phenotypic Effects of Biomechanical 

Stress on GP130 Conditional KO Mice 

 



Analysis of gp130-/: 

apoptosis 



Summary: gp130-/-  



• Gp130 myocardium specific knockout 

animals were the first conditional knockout 

animals in the cardiovascular system.  

Summary: gp130-/-  



Other types of recombinases: 

FLP-FRT recombinase 
• It is analogous to Cre-Lox recombination. 

It involves the recombination of sequences 

between short Flippase Recognition 

Target (FRT) sites by the Flippase 

recombination enzyme (FLP or Flp) 

derived from the 2µm plasmid of the 

baker's yeast Saccharomyces cerevisiae. 

 



Tissue specific promoters 

• Alpha myosin heavy chain promoter 

(aMHC) 

• Myosin light chain 2 v (MLV2v) 

 



...and what we don’t know 

• Although large international consortia aim 

to knockout every single gene in mouse 

genome, so far only 65% of genes are 

knocked out 

• (EU: “Conditional Mouse mutagenesis 

Programme” 

• (USA: “The National Institutes of Health” 

“Texas Institute for Genomic Medicine” 

“North American Conditional Mouse 

mutagenesis Program” 



...and what we don’t know 

• Another very important issue: 

• The basic helix-loop-helix transcription 

factor MRF4  has been knocked out by 

three different groups:  

 Arnold, Olson, and Wold laboratories 

 with the striking result of three completely 

different phenotypes ranging from 

complete lethality to unaffected viability. 

  Why? 



...and what we don’t know 

• In this particular case, the cis-acting 

effects of the different alleles created on 

an adjacent gene locus myf5 were 

responsible.  



...and what we don’t know 

• In addition, although important, just to 

inactivate a particular gene does not help 

much....sometimes you may wish to test 

the effects of certain “point mutations” or 

the function of different domains.  



RNA interference 

• RNA interference (RNAi) is a system 

within living cells that helps to control 

which genes are active and how active 

they are. Two types of small RNA 

molecules – microRNA (miRNA) and small 

interfering RNA (siRNA) – are central to 

RNA interference.  



miRNA 

• In genetics, microRNAs (miRNA) are single-stranded 
RNA molecules of 21-23 nucleotides in length, which 
regulate gene expression. miRNAs are encoded by 
genes from whose DNA they are transcribed but 
miRNAs are not translated into protein (i.e. they are non-
coding RNAs); instead each primary transcript (a pri-
miRNA) is processed into a short stem-loop structure 
called a pre-miRNA and finally into a functional miRNA. 
Mature miRNA molecules are partially complementary to 
one or more messenger RNA (mRNA) molecules, and 
their main function is to down-regulate gene expression.  



micro RNA 

http://upload.wikimedia.org/wikipedia/commons/2/24/Rnai_diagram_retrovirology.png


Small interfering RNA 

• Small interfering RNA (SIRNA), sometimes known as 
short interfering RNA or silencing RNA, is a class of 
double-stranded RNA molecules, 20-25 nucleotides in 
length, that play a variety of roles in biology. Most 
notably, siRNA is involved in the RNA interference 
(RNAi) pathway, where it interferes with the expression 
of a specific gene. In addition to their role in the RNAi 
pathway, siRNAs also act in RNAi-related pathways, 
e.g., as an antiviral mechanism or in shaping the 
chromatin structure of a genome; the complexity of these 
pathways is only now being elucidated.  



Small interfering RNA 

• siRNAs were first discovered by David Baulcombe's 
group in Norwich, England, as part of post-transcriptional 
gene silencing (PTGS) in plants. The group published 
their findings in Science in a paper titled "A species of 
small antisense RNA in posttranscriptional gene 
silencing in plants".  

• Shortly thereafter, in 2001, synthetic siRNAs were shown 
to be able to induce RNAi in mammalian cells by 
Thomas Tuschl and colleagues in a paper published in 
Nature. This discovery led to a surge in interest in 
harnessing RNAi for biomedical research and drug 
development. 



si RNA 

http://upload.wikimedia.org/wikipedia/en/a/a9/SiRNAvitro.gif


Knock out Technology  

FGF5 knockout mice (FGF5 is a negative regulator of hair formation. 



Knock out Technology 

T-cap deficient mice (own facility) 


