
Gene expression in prokaryotic and 
eukaryotic cells, Plasmids: types, 

maintenance and functions. 
 

Mitesh Shrestha 















Plasmids 

1.  Extrachromosomal DNA, usually circular-parasite 

2. Usually encode ancillary functions for in vitro growth 

3. Can be essential for specific environments: virulence, antibiotics 

resistance, use of unusual nutrients, production of bacteriocins 

(colicins) 

4. Must be a replicon - self-replicating genetic unit 

5. Plasmid DNA must replicate every time host cell divides or it will be 

lost 

 a.  DNA replication 

a. partitioning (making sure each progeny cells receives a plasmid) 

6.  High copy plasmids are usually small; low copy plasmids can be 

large 

7.  Partitioning is strictly controlled for low copy, but loose for high copy 

8. Plasmid replication requires host cell functions  

9. Copy number is regulated by initiation of plasmid replication 

10. Plasmids are incompatible when they cannot be stably maintained in 

the same cell because they interfere with each other’s replication. 

 



Plasmids 

Indispensable tools that allow molecular biologists to obtain 
essentially unlimited amounts of a DNA sequence 

Small circular DNA molecules that replicate independently of the 
host chromosomes 



Plasmids used in molecular biology have been constructed in the lab 

Molecular cloning 
 
 
 
 
Enzymes are used to insert desired 
pieces of foreign DNA into plasmids 
 
 
 
 
 
 
 
Bacterial cells are transformed with 
the plasmids.  Copies of the 
plasmids are purified from bacteria.   



Also, virulence plasmids from Salmonella, Shigella, Yersinia, B. anthracis, 

E.coli, and others. 





Plasmid replication 

1. Plasmid replication requires host DNA replication machinery.   

2. Most wild plasmids carry genes needed for transfer and copy number 

control. 

3. All self replication plasmids have a oriV: origin of replication 

4. Some plasmids carry and oriT: origin of transfer.  These plasmids will 

also carry functions needed to be mobilized or mob genes.   

5. Plasmid segregation is maintained by a par locus-a partition locus 

that ensures each daughter cells gets on plasmid.  Not all plasmids 

have such sequences.   

6. There are 5 main “incompatibility” groups of plasmid replication.  Not 

all plasmids can live with each other.   

7. Agents that disrupt DNA replication destabilize or cure plasmids from 

cells.    



Incompatibility Groups 
1. Not all plasmids can live together. 
2. Plasmids that are able to coexist in the same cell do not interfere with 

each other’s replication 
3. A single cell can have as many plasmids as it can tolerate and replicate! 

Partion Locus: a region on broad host range plasmids that binds to a structure on the 
inner membrane of the cell to ensure proper segregation. Plasmids labeled with 
fluorescent protein 
-move to each daughter cell during division. 
 

Pogliano, Joe et al. (2001) Proc. Natl. Acad. Sci. USA 98, 4486-4491 



1. large (100 kb) 

2. low copy (1-2 copies/cell) 

3. self transmissible 

4. requires protein synthesis (chloramphenicol-sensitive) 

5. repE gene encodes RepE protein 

6. RepE protein binds to origin of replication (oriS) and 

initiates DNA replication 

7. RepE binds to the repE promoter and activates 

transcription 

8. RepE binds to the copA/incC locus binding copies of F 

together via RepE – inhibiting replication (coupling) 

F-plasmid 



Table 5.1 



Figure 5.3 

F Pilus assembly 



replication 

IS elements 

Primitive transposon 
30+ genes needed  

For transfer 

Genetic organization of F 



F-transfer at fine detail 



Different plasmids 

Grouped after their properties: 

• F-plasmid /factor:  100 kb 



Different plasmids, cont. 

• R- plasmid: - have genes for resistance 
against antibiotics and/or heavy 
metals 

Plasmid R100 

Size in kb pairs 



Different plasmids, cont. 

• Col – plasmids:  - produces colicins 

- antibacterial  

• Catabolic 
plasmids:  

-have properties to use odd carbon/ 
energy sources 

- many Psuedomonas have such 
plasmids 

• Cryptic plasmids:  - no known property 



Next Major Advance in Plasmid 

 The inclusion of polylinkers into 
plasmid vectors 

 Polylinker is a tandem array of 
restriction endonuclease sites in 
a very short expanse of DNA 

 For example, pUC18’s polylinker 

 Sites for 13 RE’s 

 Region spans the 
equivalent of 20 amino 
acids or 60 nucleotides 

Source: Bio-Rad Laboratories 



The Polylinker Advantage 
 Unique sites (usually) 

 Insert excision facilitated 

 Restriction endonuclease mapping and Subcloning made 
easier 



Another Major Advance: Blue-White Screening 



•Small size  

•Origin of replication 

•Multiple cloning site (MCS) 

•Selectable marker genes 

•Some are expression vectors and have sequences 

that allow RNA polymerase to transcribe genes 

•DNA sequencing primers 

Features of many modern Plasmids 



The Major Limitation of Cloning in Plasmids 

 Upper limit for clone DNA size is 12 kb 

 Requires the preparation of “competent” host cells 

 Inefficient for generating genomic libraries as overlapping regions needed to 
place in proper sequence 

 Preference for smaller clones to be transformed 

 If it is an expression vector there are often limitations regarding eukaryotic 
protein expression 
 



Plasmid vectors 


