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CHAPTER	15	–	RECOMBINANT	DNA	

	

Figure	1.	
The	 manipulation	 of	 DNA	 often	
involves	small	quantities	of	 liquids	
that	are	accurately	dispensed	using	
micro-pipettors	 into	 small	 plastic	
microfuge	tubes.	Volumes	as	small	
as	 0.5	 µl	 are	 routinely	 dispensed	
for	 some	 reactions.	 The	 use	 of	
clean,	sterile	plastic	tubes	and	tips	
ensures	 the	 reactions	 work	
correctly	and	are	reproducible.		
(Flickr-	 University	 of	 Michigan	
School	 of	 Natural	 Resources	 and	
Environment-CC	BY	2.0)	

	

INTRODUCTION	
Recombinant	 DNA	 is	 a	 general	 term	 to	 describe	
DNA	 that	 has	 been	 manipulated	 (recombined)	
somehow	in	vivo.	It	typically	involves	the	breakage	
of	 DNA	 into	 fragments,	 using	 restriction	 enzymes,	
and	the	rejoining	(ligation)	of	these	fragments	into	
various	 arrangements	 and	 into	 vectors,	 such	 as	
plasmids,	 to	 propagate	 the	 new	 arrangement	 for	
further	 analysis,	 like	 sequencing,	 or	 for	 insertion	
into	 other	 hosts,	 such	 as	 model	 organism	 as	
transgenes.	

1. BASIC	TERMINOLOGY	
Before	proceeding	any	further,	there	are	some	basic	
terminologies	that	students	should	know	regarding	
recombinant	DNA	technology.		

in	 vivo	 (in	 life)	 experiments	 done	 within	 a	 living	
cell/organism	

in	 situ	 (in	 place)	 experiments	 done	 on	 cells	 and	
structures	 removed	 intact	 from	 an	 organism.	 (ex.	
Inserting	RNA	into	a	frog	egg	cell	on	a	petri	dish)		

in	 vitro	 (in	 glass)	 experiments	 done	 on	 individual	
molecules	removed	from	an	organism	(ex.	DNA	in	a	

test	tube).	These	days	most	experiments	are	done	in	
plastico	(in	plastic).	See	Figure	1.	

in	 silico	 (in	 silicon)	 Experiments	 done	 within	 a	
computer	simulation.		

Recombinant	 DNA:	 a	 composite	 DNA	 molecule	
created	 in	 vitro	 by	 joining	 a	 foreign	 DNA	 with	 a	
vector	 DNA	 molecule.	 (Note;	 technically	
recombinant	DNA	can	be	also	made	 in	vivo	during	
meiosis	 in	 an	organism,	but	 this	 is	 usually	not	 the	
typical	meaning	of	these	words.)		

2. RECOMBINANT	DNA	TECHNIQUES:		
There	 are	 many	 techniques	 for	 joining	 DNA	
molecules	 in	 vitro	 and	 introducing	 them	 into	 cells	
(usually	 bacteria)	 where	 the	 molecules	 are	 then	
replicated	along	with	the	host	genomic	DNA.	

2.1. PLASMIDS	ARE	NATURALLY	PRESENT	IN	SOME	
BACTERIA		

Many	 bacteria	 contain	 extra-chromosomal	 DNA	
elements	called	plasmids.		These	are	usually	small	(a	
few	1000	bp),	 circular,	double	 stranded	molecules	
that	 replicate	 independently	 of	 the	 chromosome	
and	can	be	present	in	multiple	copies	within	a	cell.	
In	 the	 wild,	 plasmids	 can	 be	 transferred	 between	
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individuals	 during	 bacterial	 mating	 and	 are	
sometimes	 even	 transferred	 between	 different	
species.	 Plasmids	 are	 particularly	 important	 in	
medicine	 because	 they	 often	 carry	 genes	 for	
pathogenicity	 (making	 the	 bacteria	 more	
detrimental)	 and	 drug-resistance	 (able	 to	 survive	
various	antibiotics).	In	the	lab,	plasmids	are	inserted	
into	 bacterial	 hosts	 in	 a	 process	 called	
transformation.	These	plasmids	can	be	modified	by	
the	addition	of	foreign	DNA	so	that	both	the	plasmid	
vector	and	the	target	foreign	DNA	is	replicated.		

There	are	3	main	features	of	a	plasmid	(Figure	2):	
(1)	 Origin	 of	 replication	 (Ori)	 which	 is	 similar	 in	
function	to	oriC	in	E.	coli	chromosome.		
(2)	Selectable	marker	gene	that	helps	to	screen	the	
desired	 and	 undesired	 strains,	which	 is	 usually	 an	
antibiotic	resistance	gene	like	ampR,	tetR,	or	kanR.	
Cells	with	R6K	are	resistant	to	penicillin,	ampicillin,	
etc.		
(3)	 Multiple	 cloning	 site	 (MCS)	 	 that	 has	 many	
restriction	enzyme	sites	in	a	short	sequence.		

	

Figure	2.	
Basic	 structure	 of	 a	 double	 stranded	 bacterial	 plasmid,	
represented	by	a	circle.	
(Original-Locke-CC	BY-NC	3.0)	

3. USING	CLONING	VECTORS		

3.1. PLASMIDS	VECTORS	
There	are	multiple	steps	to	using	plasmids	as	cloning	
vectors.	 To	 insert	 a	DNA	 fragment	 into	 a	 plasmid,	
both	the	fragment	and	the	circular	plasmid	are	cut	
using	a	restriction	enzyme	that	produces	compatible	
ends.	Given	the	large	number	of	restriction	enzymes	
that	 are	 currently	 available,	 it	 is	 usually	 not	 too	
difficult	to	find	an	enzyme	for	which	corresponding	
recognition	 sequences	 are	 present	 in	 both	 the	
plasmid	and	the	DNA	fragment,	particularly	because	
most	 plasmid	 vectors	 used	 in	 molecular	 biology	

have	been	engineered	 to	contain	 recognition	 sites	
for	a	large	number	of	restriction	endonucleases	in	a	
segment	called	the	Multiple	Cloning	Site	(MCS).	

	

Figure	3.	
Cloning	of	a	DNA	fragment	(red)	into	a	plasmid	vector.		
The	vector	already	contains	a	selectable	marker	gene	
(blue)	such	as	an	antibiotic	resistance	gene.		
(Original-Deyholos-CC	BY-NC	3.0)	

After	 restriction	 digestion,	 the	 desired	 fragments	
may	be	further	purified	or	selected	before	they	are	
mixed	 together	with	 ligase	 to	 join	 them	 together.	
Following	 a	 short	 incubation,	 the	 newly	 ligated	
plasmids,	 containing	 the	 gene	 of	 interest	 are	
transformed	into	E.	coli.		

Transformation	 is	 accomplished	 by	 mixing	 the	
ligated	DNA	with	E.	coli	cells	that	have	been	specially	
prepared	 (i.e.	 made	 competent)	 to	 uptake	 DNA.	
Bacterial	cells	can	be	made	competent	by	exposure	
to	 compounds	 such	 as	 CaCl2	 or	 to	 electrical	 fields	
(electroporation).	Because	only	a	small	 fraction	of	
cells	 that	 are	 mixed	 with	 DNA	 will	 actually	 be	
transformed,	a	selectable	marker,	such	as	a	gene	for	
antibiotic	resistance,	 is	usually	also	present	on	the	
plasmid	and	used	to	select	those	few	cells	that	have	
taken	up	 the	DNA.	 The	 rate	of	DNA	uptake	 varies	
each	 time	 and	 is	 called	 transformation	 efficiency.	
This	 can	 range	 from	 ~105-1010	 colonies	 per	 µg	 of	
DNA.		

After	 transformation	 (combining	 DNA	 with	
competent	cells),	bacteria	are	spread	on	a	bacterial	
agar	 plate	 containing	 an	 appropriate	 antibiotic	 so	
that	only	those	cells	that	have	actually	incorporated	
the	plasmid	will	be	able	to	grow	and	form	colonies.	
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Colonies	 (clone)	 can	 then	 be	 picked	 and	 used	 for	
further	study.	

Molecular	 biologists	 use	 plasmids	 as	 vectors	 to	
contain,	 amplify,	 transfer,	 and	 sometimes	 express	
genes	of	interest	that	are	present	in	the	cloned	DNA.	
Often,	 the	 first	 step	 in	 a	 molecular	 biology	
experiment	 is	to	“clone	a	gene”	(i.e.	make	a	copy)	
into	 a	 plasmid,	 then	 transform	 this	 recombinant	
plasmid	 into	 bacteria	 so	 that	 essentially	 unlimited	
copies	of	the	gene	(and	the	plasmid	that	carries	it)	
can	 be	made	 as	 the	 bacteria	 reproduce.	 This	 is	 a	
practical	necessity	for	further	manipulations	of	the	
DNA,	 since	 most	 techniques	 of	 molecular	 biology	
require	many	copies	of	DNA	to	work.	Even	though	
small	 amounts	 are	 needed	 they	 are	 not	 sensitive	
enough	to	work	with	just	a	single	molecule	at	a	time.		

Many	 molecular	 cloning	 and	 recombination	
experiments	 are	 therefore	 iterative	 (repetitive)	
processes.	For	example:		

1. a	DNA	fragment	(usually	isolated	by	PCR	and/or	
restriction	 enzyme	 digestion)	 is	 cloned	 into	 a	
plasmid	 cut	 with	 a	 compatible	 restriction	
enzyme		

2. the	 recombinant	 plasmid	 is	 transformed	 into	
bacteria	

3. the	bacteria	are	allowed	to	multiply,	usually	 in	
liquid	culture	

4. a	large	quantity	of	the	recombinant	plasmid	DNA	
is	isolated	from	the	bacterial	culture	

5. further	 manipulations	 (such	 as	 site	 directed	
mutagenesis	 or	 the	 introduction	 of	 another	
piece	 of	 DNA)	 are	 conducted	 on	 the	
recombinant	plasmid	

6. the	modified	plasmid	is	again	transformed	into	
bacteria,	 prior	 to	 further	manipulations,	 or	 for	
expression		

3.2. OTHER	VECTORS	
Lambda	phage	is	a	bacteriophage	that	infects	E.	coli	
and	 can	 be	 used	 as	 a	 vector.	 Lambda	 phage	 is	 a	
linear	DNA	vector	molecule	that	can	typically	hold	a	
15-20	kb	fragment	in	each	clone.		

Cosmids	 are	 a	 hybrid	 vector	 system	 composed	 of	
part	plasmid	and	part	phage	DNA.	 It	can	clone	30-
45Kb	 fragments	 in	 each	 clone.	 The	 lambda	phage	
packaging	system	(stuffs	the	recombinant	DNA	into	
the	lambda	bacteriophage	heads)	is	used	for	higher	
transformation	efficiency,	but	it	also	has	the	plasmid	
origin	of	 replication	 so	clones	can	be	 replicated	 in	
the	host	like	plasmids.		

BACs	(Bacterial	Artificial	Chromosomes)	is	a	circular	
DNA	vector	that	uses	a	plasmid	origin	of	replication	
to	propagate.	The	insert	DNA	can	be	100’s	of	Kb	so	
it	 has	 a	 very	 large	 cloned	 regions,	 but	 such	 large	
recombinant	 DNA	 molecules	 are	 difficult	 to	
transform	so	they	are	difficult	to	make.		

4. DNA	LIGATION	
The	 process	 of	 DNA	 ligation	 occurs	 when	 DNA	
strands	 are	 covalently	 joined,	 end-to-end	 through	
the	 action	 of	 an	 enzyme	 called	 DNA	 ligase.	
Molecules	 with	 complementary	 overhanging	
sequences	are	said	to	have	“sticky”	or	compatible	
ends,	 which	 facilitate	 their	 joining	 to	 form	
recombinant	 DNA.	 	 Likewise,	 two	 blunt-ended	
sequences	 are	 also	 considered	 compatible	 to	 join	
together,	 although	 they	 do	 not	 ligate	 together	 as	
efficiently	 as	 sticky-ends.	 Note:	 sticky-ended	
molecules	with	non-complementary	sequences	will	
not	ligate	together	with	DNA	ligase.		

The	process	of	ligation	is	central	to	the	production	
of	 recombinant	 DNA,	 including	 the	 insertion	 of	 a	
double	 stranded	 DNA	 fragment	 into	 a	 plasmid	
vector.		
5. AN	APPLICATION	OF	MOLECULAR	CLONING:	

RECOMBINANT	INSULIN	
Purified	insulin	protein	is	critical	to	the	treatment	of	
diabetes.	Prior	to	~1980,	insulin	for	clinical	use	was	
isolated	from	human	cadavers	or	from	slaughtered	
animals	 such	 as	 pigs.	 Human-derived	 insulin	
generally	 had	 better	 pharmacological	 properties,	
but	was	in	limited	supply	and	carried	risks	of	disease	
transmission.	By	cloning	the	human	insulin	gene	and	
expressing	it	in	E.	coli,	large	quantities	of	the	insulin	
protein	 and	 identical	 to	 the	 human	 hormone	
sequence	 could	be	produced	 in	 fermenters,	 safely	
and	 efficiently.	 Production	 of	 recombinant	 insulin	
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also	allows	specialized	variants	of	the	protein	to	be	
produced:	 for	 example,	 by	 changing	 a	 few	 amino	
acids,	 longer-acting	 forms	 of	 the	 hormone	 can	 be	
made.	 The	 active	 insulin	 hormone	 contains	 two	
peptide	 fragments	 of	 21	 and	 30	 amino	 acids,	
respectively.	 Today,	 essentially	 all	 insulin	 is	
produced	from	recombinant	sources	(Figure	4),	i.e.	
human	 genes	 and	 their	 derivatives	 expressed	 in	
bacteria	or	yeast.	

	

Figure	4.		
A	vial	of	insulin.	Note	that	the	label	lists	
the	 origin	 as	 “rDNA”,	 which	 stands	 for	
recombinant	DNA.	
(Flickr-DeathByBokeh-	CC	BY-NC	2.0)	
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____________________________________________________________________________	
SUMMARY:	

• DNA	fragments	can	be	cloned	into	vectors.	

• Transformation	of	recombinant	DNA	is	the	transfer	of	DNA	(usually	recombinant	plasmids)	into	bacteria.		

• Cloning	of	genes	into	E.	coli	is	a	common	technique	that	allows	large	quantities	of	a	DNA	for	gene	to	
made	

• This	allows	further	analysis	or	manipulation	of	the	cloned	sequences.	

• Genomic	DNA	libraries	contain	fragments	of	genomic	DNA.	

• cDNA	libraries	contain	shorter	segments	of	DNA	that	correspond	to	the	mRNA	for	each	gene.		

• Gene	of	interest	can	be	identified	using	DNA	probes	to	screen	genomic	or	cDNA	libraries.		

• Cloning	can	also	be	used	to	produce	useful	proteins,	such	as	insulin,	in	microbes.	

KEY	TERMS:	
in	vivo		
in	situ		
in	vitro		
in	plastico	
in	silico		
Recombinant	DNA	
plasmid	
transformation	
Ori	
selectable	marker	
Multiple	cloning	site	(MCS)	
competent	

electroporation	
vector	
clone	
Lambda	phage	
cosmid	
lambda	phage	packaging	system	
BACs	
DNA	ligation	
DNA	ligase	
sticky	/	compatible	end	
genomic	library	
cDNA	library	

	

	

STUDY	QUESTIONS:	
1) A	 coat	 protein	 from	 a	 particular	 virus	 can	 be	

used	 to	 immunize	 children	 against	 further	
infection.	However,	inoculation	of	children	with	
proteins	 extracted	 from	 natural	 viruses	
sometimes	 causes	 a	 fatal	 disease,	 due	 to	
contamination	with	live	viruses.	How	could	you	

use	 molecular	 biology	 to	 produce	 an	 optimal	
vaccine?		

2) How	would	cloning	be	different	if	there	were	no	
selectable	markers?	

	

	


