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The use of recombinant plasmids as vectors to transform bacterial cells is demonstrated by the
production of human insulin.

Learning Objectives:

BI34 [1.7.1] - Describe the role of plasmids as a vector to transform bacteria & other cells. C i
BI34 [1.7.2] - Explain how a gene of interest is isolated & inserted into a plasmid.

BI34 [1.7.3] - Explain electroporation & heat shock as methods to transform bacterial cells.

O O O 0O

BI34 [1.7.4] - Describe the process by which bacterial cells can be used to produce human proteins,
including the application of this to human insulin production.

a

BI34 [1.7.5] - Explain the significance of beta-galactosidase, other reporter genes, & antibiotic
resistance genes in the selection of transformed, recombinant bacterial cells.

C
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Section A: Using Recombinant Plasmids for Protein Production

Q
Sub-Section: Introducing Recombinant DNA o

oL~

humard ,
(,"Q n
Overview / /‘ bAuk,
» Recombinant DNA is when DNA is “combined” from MMMjﬂ[ﬂ_JIZM_ZLLL
T— —

& We can utilise this to put our own DNA in other organisms to get them to produce our proteins
and other gene products.

» This process of inserting recombinant DNA into a bacterium is called ;I:ZLA,[{ﬂLMAM\aS is

often undertaken by a plasmid or another vector.

& Avectoris a ' ' /7
vyl |
LA

placed into bacteria, thereby them.

@ A plasmid is integrated with a target Eene, making a _Ié[Jm bl'l!AAJ plasmid, which is

& This bacteria will then go and produce the desired protein, which can be collected and purified.

How can we get bacteria to produce human proteins? .

Active Recall: What characteristic of the genetic code allows for this?
s oM odons in M arga/u'/rvf
VN NELSAL /T\f wde for ta Jont sanino 2l

Active Recall: What could be other examples of vectors?
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Sub-Section: Structure of Plasmid

o
Q
©

Active Recall: What is a plasmid?

. |
main Grod

Plasmid Vector

chromosome an

» A plasmid is a small circular pi
ransferablé between bacteria.

in bacteria, replicating independently from the main

\/Origin of replication: Specific DNA sequence in which replication is initiated.
—_— —
I[’ Antibiotic resistance gene: Gene governing resistance to a specific antibiotic.
>

Multiple cloning site/recognition sites (MCS): DNA region containing multiple different recognition

stes. O endonudlense wll et e ONA-

» Selectable marker: Genes in plasmid for certain traits that help to distinguish the transformant from
the non-transformant cell (e.g. antibiotic-resistant gene).

» Screening marker: Sites in vector plasmid that help to confirm that a plasmid is recombinant (e.g. lacZ

screening marker). —=) V(lﬁm,_leﬂene — V&Vﬁ d,{:fh/ﬂﬁl' /h@no@/ﬂ

DV

transcription.

Promoter region: Upstream region of target gene where RNA polymerase binds to initiate

BamtH Reporter
| / SMQ/
Antibioti
msish:\nc: EwoRl
gene

(

-

ORI
Plasmid vector
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Sub-Section: Making a Recombinant Plasmid

» Adding thg'gene of interest tothe plasmid!
—

» We must obtain a gene of interest and a plasmid of the structure described above.

& Both the plasmid,and gene of interest are cut with the same endonuclease to create sticky ends,
\ in the insertion of the gene of interest. ., =T

%{A\f Lob,w,y“

e won O
&) o B ol

A)

' Ruogniﬁon sites

nudwh’ M Foveign DNA [N bﬂw
Antibiotic ] B
vesistance Ru{'\riotion ’\
gene @mn © Gene of intevest
DNA fragment

containing gene

g of interest
' 4

Comesd) — rtfarm phofphoditier bondle

& To join the gene of interest and the plasmid together.

Recombinant
vector carvying
| gene of intevest
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Discussion: What are the possible outcomes at the end of this? /’ mﬁd/gl M HI‘%‘ i ix.p
“ LMD \f e
@ RELOMBINANT _mua/ﬂ»ﬂgm
- —

@ NN REoM BiNANT PLASMI)
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Space for Personal Notes
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8’ >
Sub-Section: Transforming Bacteria ®
» Putting the plasmid inside the bacteria!
How do we put the plasmid inside the bacteria? '

N0 ~ #ay e lage and mgabiely gt Yy

Can plasmids move easily across the cell membrane?

Transforming Bacteria

» We can do this via two methods: i’ﬂi{ﬂ_ﬂd[ﬂﬁL h[ﬂi .lhﬂi<
G Electroporation involves passing an dﬂz’:ﬂ& {MZ’[&& through the solution containing

bacteria and the recombinant plasmids.

& Creates pores in the membrane, allowing for the DNA to pass through.

Ingrendi
Vke/mb/h

Electvic shock Sample, is spread
- is applied +o ( )< ) Electvie shock 021'0 N\hbl?h‘l:

+a | +o ~— vich agar pla
s> T Qam |

Transformed

G The heat shock method involves the solution being included with Ca2+ions placed onice. Itis
then heated to 37-42°C and then placed back on the ice.

; ° Transformed
G
After 25-45 SAMPIQ; is spread
So\mplo., is ‘ N ’swnAs,snmplm o::\'o anﬁbirh{':
ls chilled vich agav pla
Cq@ " -

( A “’w&wﬂ'ﬂ'ﬂ'
N~ N h
- . miab //@»«
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Exploration: Why would calcium ions help with the transformation of the bacteria? i

Cu“ on |

ﬁﬁﬁﬁﬂﬂﬂﬂ%/zﬁﬂ?

(2 10 e redpmdible Jor NEVIPALICVA 1he chagt
g;f (X W/ML/ :M/W/'/}j p//vmj/[ M/WU,

Question 1 (3 marks)

Explain how electroporation and heat shock can be used to deliver plasmids to bacterial cells.
/ —(D)-Elevtoporatin

() tead Snock

4

(3) Both of Hhew are pondible for 1ncrering,  membrant
\ 'poymu)olhha 19 pWM/'M/ mm///g} u,ﬂhkjé

‘ Is this process going tessfu/? .
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» Throughout this whole process, we want to make sure we can separate the bacteria that have both
RECEIVED a plasmid and also received a RECOMBINANT plasmid.

& These are the ones that will ultimately be able to produce our desired protein.

gene. . A twin bnsnt
— M’proalm@/ AN 0bno Wenotype 4

@ How? N & ﬁ/ P Jyf ﬂ

R Ui A

" O

» Once the selected colony is determined, they are grown with their products purified from clinical use.

ﬂ‘

Exploration: Why is there a difference in the function of the reporter gene in recombinant and «
non-recombinant plasmids? ‘

Tl he & prefdion 0{ It rbpw#cr Md be ;m/M/(/l
Y Y :MWAFM by %o IMendl—
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bt wied 37 dihogmrh Bepuatn vevim brardt— Aif o
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Sub-Section: Selecting Bacteria ®
» Determining which bacteria have got the recombinant plasmids!
Exploration: Selecting the Bacteria %

» We will have 3 groups of bacteria - '
- ! nd ' .
— XL '
» Antibiotic selection will be able to distinguish the transformed from non-transformed bacteria.
A 53 Packin with~ .
€ How? _— 1,11
— !
0 no plezA W
D ’ O hAV( 1o PLh)anc pnt
: | 1 | vaﬂof ¢ wiun |
fose WITH plmigd will iive “T 7 awhbohe i 44.7//4'&(
» The bacteria that have taken up the recombinant plasmid would be determined using the reporter 1
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\ | /
Kev Takeaways M

M Recombinant DNA:

G Involves combining DNA from multiple sources to produce desired proteins.

& Transformation is the insertion of recombinant DNA into a bacterium, often using a plasmid or
vector.

G A vector carries foreign genetic material into a host organism for replication or expression.

& Plasmids, usually carrying the target gene, transform bacteria to produce the desired protein.
M Structure of a Plasmid:

G Plasmid: Small circular DNA in bacteria replicates independently and is transferable.

G Origin of Replication: Sequence where replication starts.

& Antibiotic Resistance Gene: Provides resistance to specific antibiotics.

G

2

Multiple Cloning Site (MCS): Contains recognition sites for inserting genes.

G

£

Selectable Marker: Distinguishes transformant from non-transformant cells.
€ Screening Marker: Confirms plasmid is recombinant (e.g., lac2).
& Promoter Region: Site where RNA polymerase binds to initiate transcription.
M Making a Recombinant Plasmid:
G Obtain a gene of interest and plasmid, cut with the same endonuclease to create sticky ends.
G Use DNA ligase to join the gene and plasmid.
& Possible outcomes include recombinant and non-recombinant plasmids.
M Transforming Bacteria:
G Electroporation and heat shock methods introduce plasmids into bacteria.

G Electroporation: Electric current creates membrane pores for DNA entry.

G Heat Shock: Uses Ca?™ ions, ice, and heat to facilitate DNA uptake.

BI34 [1.7] - Recombinant Plasmids - Workbook ' 9




(S4ONTOUREDUCATION CE Biology %

M Selecting Bacteria:
& Identify bacteria with recombinant plasmids using antibiotic selection and reporter genes.

G Three groups: Without plasmid, with non-recombinant plasmid, and with recombinant plasmid.

& Antibiotic resistance indicates transformed bacteria.

G Reporter gene function changes indicate recombinant plasmids, often through colour change.

£

& Selected bacteria colonies produce the desired protein for purification.

Space for Personal Notes
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Section B: Recombinant DNA and Insulin Production

Sub-Section: Introducing Insulin

Overview of Insulin D

» Insulin is a quarternary structure protein composed of two peptide chains, an alpha chain, and a beta
. ———
chain.

» Itis the response to lowering blood glucose levels as the main anabolic hormone in the body.

)

lasalin

2 | 77
Space for Personal Notes /_W o MNNW/ / Mp y (/F
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Sub-Section: Using Recombinant Plasmids for Insulin Production ® ‘

Haman coll lasulin gene

— /
Gvow in cutture Extvact insalin

=
—_— — = | &
% Recombinant Tmnsgu\no

/, Plasmid bacteria
O

~__
Backeria

Plaswid ¢ ] JLPM’MLC /) mw// fp/ ZAM‘\ o/«w //WWM(

Exploration: Applying to Insulin Production A/ A 7l M
/

» A plasmid with an antibiotic resistance gene, reporter gene and ¢ndonuclease restriction site is
prepared.

» Inthe case of insulin, as it has a quaternary structure witly 2 chaink, 2 genes of interest are cut and
ligated to form recombinant plasmids.

» Bacteria are transformed through heat shock or electroporation.

» Transformed bacteria are selected using antibiotics, and recombinant plasmids are selected using the
reporter gene.

» Insulin subunits are expressed, and the separate components are isolated and purified and then
joined together to form insulin.

e
| \ \

Exploration: How is the insulin gene M
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Promoter
lacZ

)

Antibiotic

vesistance gene

Antibiotic
vesistance gene Cut with
endonuclease
S—
l Add insalin genes
— using ligase
lasalin A
subanit gene

Recombinant
plasmid

Promoter

Transformation of backeria
with plasmids and
expression of proteins

Plasmid J/

lacZ

lnsulin B
subunit gene

Recombinant
plasmid

!

=

o

(O

Extvact protein (insglin +
B-galactosidase,
from bacteria

Purify insalin A an

combine with B

=

l

‘.

cese?
<

Purify insulin B and

combine with A
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M Students should understand that one of the main methods for the commercial production of human

M Students were required to identify that human insulin genes for chains A and B are isolated, th

\ | /
What does VCAA say? M

insulin involves the insertion of genes fortwo different insulin polypeptides into two different
plasmids in two separate bacteria. The insulin genes are inserted-next to a gene for the
B-galactosidase protein, which allows for the detection of successful gene insertion. Expression of
each gene from the two bacteria allows a functional fusion protein to be produced. Students should
understandithatiintronsineedstorberremovedspriontorinsertingstherelevant insulin gene. Once the
genes are expressed andthefusion'proteins‘are'produced by each'bacterium, these fusion proteins
are then purified, and thegdnsulinpolypeptides are removed and then‘combined to'producefunctional
insulin,

VCAA Response 2023. @ - DU(/)/»L PVOAWSJTW‘ U/} }'UMMA [MM (g‘W/L

insulin A gene is placed in one plasmid, and the insulin B gene is placed in a different plasmid.

Other key steps students may have identified include:

& Restriction endonucleases are used to cut, e.g. the plasmid or hb/an Dl\ﬂ M
& DNA ligase joins the DNA sequences into the plasmid./

@ The plasmid is inserted by heat shock into the bacteria which is transformed OR each plasmid is
inserted into separate bacteria.

\/é Antibiotic selection or another suitable method (e.g. insulin genes inserted next to a gene coding
for beta-galactosidase protein) is used to determine success.

f Processing of the protein, such as joining insulin polypeptide chains A and B, occurs to create /
functional insulin.

Space for Personal Notes

BI34 [1.7] - Recombinant Plasmids - Workbook ‘1 5




(S4ONTOUREDUCATION CE Biology %

>

Sample Response: Insulin Production

Isolation of Insulin Genes:

& mRNA strands coding for the 4 and B chains of insulin are isolated and used as templates to
synthesise complementary DNA (cDNA) via reverse transcription. This ensures that introns are
not present in the insulin genes.

Preparation of Plasmids and DNA:

& The plasmid (vector) and insulin DNA sequences are cut with the same restriction endonuclease,
creating complementary sticky ends. This ensures the insulin DNA can be inserted into the
plasmid.

Formation of Recombinant Plasmids:

G Theinsulin DNA sequences (4 and B) are separately inserted into plasmids containing a beta-
galactosidase gene for detection.

G DNA ligase is used to join the insulin DNA and plasmid, creating recombinant plasmids.
Introduction to Bacteria:

& The recombinant plasmids are inserted into E. coli bacterial cells through heat shock or
electroporation transforming the bacteria.

& Each plasmid is introduced into separate bacterial strains to produce the 4 and B chains
independently.

Selection of Transformed Bacteria:

G Bacteria are grown on antibiotic agar plates, allowing only those with recombinant plasmids
(containing antibiotic resistance genes) to survive.

& Successful incorporation of the insulin genes is confirmed using beta-galactosidase activity.
Expression and Protein Extraction:

& Transformed bacteria are cultured, producing fusion proteins consisting of beta-galactosidase
and insulin chains.

G Fusion proteins are extracted, and enzymes are used to cleave the insulin chains (4 and B) from
the beta-galactosidase portion.

BI34 [1.7] - Recombinant Plasmids - Workbook ‘1 6
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» Purification and Assembly:
& Theinsulin A4 and B chains are purified and then chemically combined.

¢ Disulfide bonds are formed between the chains, resulting in functional human insulin ready for
medical use.

NOTE: This is super detailed, as you can see, the VCAA response is more succinct, but this should p/
cover most schools, create your own variation of this to memorise. Also, do not include the
subheadings in your answer.

\
Key Takeaways M

M Isolation of Insulin Genes:

& mRNA strands coding for the 4 and B chains of insulin are isolated and used as templates to
synthesise complementary DNA (cDNA) via reverse transcription. This ensures that introns are
not present in the insulin genes.

M Preparation of Plasmids and DNA:

& The plasmid (vector) and insulin DNA sequences are cut with the same restriction endonuclease,
creating complementary sticky ends. This ensures the insulin DNA can be inserted into the
plasmid.

M Formation of Recombinant Plasmids:

G The insulin DNA sequences (4 and B) are separately inserted into plasmids containing a beta-
galactosidase gene for detection.

G DNA ligase is used to join the insulin DNA and plasmid, creating recombinant plasmids.
M Introduction to Bacteria:

G The recombinant plasmids are inserted into E. coli bacterial cells through heat shock or
electroporation transforming the bacteria.

€ Each plasmid is introduced into separate bacterial strains to produce the 4 and B chains
independently.

BI34 [1.7] - Recombinant Plasmids - Workbook ‘1 7
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M Selection of Transformed Bacteria:

G Bacteria are grown on antibiotic agar plates, allowing only those with recombinant plasmids
(containing antibiotic resistance genes) to survive.

G Successful incorporation of the insulin genes is confirmed using beta-galactosidase activity.
M Expression and Protein Extraction:

& Transformed bacteria are cultured, producing fusion proteins consisting of beta-galactosidase
and insulin chains.

G Fusion proteins are extracted, and enzymes are used to cleave the insulin chains (4 and B) from
the beta-galactosidase portion.

M Purification and Assembly:
& Theinsulin A and B chains are purified and then chemically combined.

& Disulfide bonds are formed between the chains, resulting in functional human insulin ready for
medical use.

M Function of b-gal:

& The gene for human insulin will be inserted next to a gene coding for the production of beta-
galactosidase protein. This will create a fusion protein, which allows for detection of successful
gene insertion and ensures the survival of the insulin peptide when expressed by the bacteria.
Detection of gene insertion is done when the fusion protein allows the plated X-gal substrate to
turn blue.

M The insulin gene should not contain any introns and is created using reverse transcriptase.

Space for Personal Notes
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Contour Check C!

Learning Objective: [1.7.1] - Describe the role of plasmids as a vector to
transform bacteria & other cells

Key Takeaways

O Recombinant DNA:

multiple sources

O Involves combining DNA from to produce desired proteins.

. _the insertion of recombinant DNA into a bacterium, often using a plasmid or vector.
O Transformation'is

A vector carries foreign genetic material into a host organism for replication or expression.

O Plasmids, usually carrying the target gene, transform bacteria to produce the desired protein.

[0 Structure of a Plasmid:

Plasmid: Small circular DNA in bacteria, replicates independently, transferable.

Origin of Replication: Sequence where replication starts.

Antibiotic Resistance Gene: Provides resistance to specific antibiotics.

Multiple Cloning Site (MCS): Contains recognition sites for inserting genes.

Distinguishes transformant from non-transformant cells.
Selectable Marker: g

Screening Marker: Confirms plasmid is recombinant (e.qg., lacZ).

O O 0O 0O 0O o o

Promoter Region: Site where RNA polymerase binds to initiate transcription.

BI34 [1.7] - Recombinant Plasmids - Workbook '1 9



multiple sources

the insertion of recombinant DNA into a bacterium, often using a plasmid or vector.

A vector carries foreign genetic material into a host organism for replication or expression.

Small circular DNA in bacteria, replicates independently, transferable.

Sequence where replication starts.

Provides resistance to specific antibiotics.

Contains recognition sites for inserting genes.

Distinguishes transformant from non-transformant cells.

Confirms plasmid is recombinant (e.g., lacZ).

Site where RNA polymerase binds to initiate transcription.
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Learning Objective: [1.7.2] - Explain how a gene of interest is isolated &
inserted into a plasmid

Key Takeaways

O Making a Recombinant Plasmid:

same
endonuclease to create

O Obtain a gene of interest and plasmid, cut with the
sticky ends.

O Complementary tick ends will attract via ___hydrogen bonding
O Use DNA ligase to join the gene and plasmid.

O Possible outcomes include recombinant and non-recombinant plasmids.

Learning Objective: [1.7.3] - Explain electroporation & heat shock as methods
to transform bacterial cells

Key Takeaways

O Transforming Bacteria:

O Electroporation and heat shock methods introduce plasmids into bacteria.

) Electric current creates membrane pores for DNA entry, increasing permeability.
O Electroporation: ,

O Heat Shock: Uses Ca”\(2+) ions, ice, and heat to facilitate DNA uptake, increasing permea@hty.

BI34 [1.7] - Recombinant Plasmids - Workbook ‘20



same

hydrogen bonding

Electric current creates membrane pores for DNA entry, increasing permeability.

Uses Ca^(2+) ions, ice, and heat to facilitate DNA uptake, increasing permeability.
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Learning Objective: [1.7.4] - Describe the process by which bacterial cells can
be used to produce human proteins, including the application of this to human
insulin production

Key Takeaways
O Isolation of Insulin Genes:
O mRNA strands coding for the A and B chains of insulin are isolated and used as templates to

synthesise _complementary DNA (cDNA) via __reverse transcription . This
ensures that introns are not present in the insulin genes.

O Preparation of Plasmids and DNA:

O The plasmid (vector) and insulin DNA sequences are cut with theS&me restriction endonuclease,
creating __complementary sticky ends . This ensures the insulin DNA can be
inserted into the plasmid.

O Formation of Recombinant Plasmids:

separately inserted

O The insulin DNA sequences (A and B) are into plasmids
containing a __ beta-galactosidase gene for detection.

O _ DNAligase is used to join the insulin DNA and plasmid, creating _recombinant
plasmids.

0 Introduction to Bacteria:

O The recombinant plasmids are inserted into E. coli bacterial cells through _N€at shock
or __ €lectroporation transforming the bacteria.

O Each plasmid is introduced into separate bacterial strains to produce the 4 and B chains
independently.

[0 Selection of Transformed Bacteria:

O Bacteria are grown on antibiotic agar plates, allowing only those with recombinant plasmids
(containing antibiotic resistance genes) to survive.

O Successful incorporation of the insulin genes is confirmed using beta-galactosidase activity.
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complementary

reverse transcription

same restriction endonuclease,

complementary sticky ends

separately inserted

beta-galactosidase gene

DNA ligase

recombinant

heat shock

electroporation
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O Expression and Protein Extraction:

O Transformed bacteria are cultured, producing fusion proteins consisting of beta-galactosidase
and insulin chains.

O Fusion proteins are extracted, and enzymes are used to cleave the insulin chains (4 and B)
from the beta-galactosidase portion.

O Purification and Assembly:

O Theinsulin 4 and B chains are purified and then chemically combined.

o DIEIES Dofes are formed between the chains, resulting in functional human

insulin ready for medical use.

Learning Objective: [1.7.5] - Explain the significance of beta-galactosidase,
other reporter genes, & antibiotic resistance genes in the selection of
transformed, recombinant bacterial cells

Key Takeaways
O Selecting Bacteria:
O Identify bacteria with recombinant plasmids using antibiotic selection and reporter genes.
Three groups: Without plasmid, with non-recombinant plasmid, and with recombinant plasmid.

transformed bacteria

o

O Antibiotic resistance indicates
O Reporter gene function changes indicate recombinant plasmids, often through colour change.
O Selected bacteria colonies produce the desired protein for purification.

O Function of b-gal:

The gene for human insulin will be inserted next to a gene coding for the production of
beta-galactosidase protein. This will create a fusion protein, which allows for the
detection of successful gene insertion and ensures the survival of the insulin peptide
when expressed by the bacteria. Detection of gene insertion is done when the fusion
protein allows the plated X-gal substrate to turn blue.
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Disulfide bonds

transformed

The gene for human insulin will be inserted next to a gene coding for the production of beta-galactosidase protein. This will create a fusion protein, which allows for the detection of successful gene insertion and ensures the survival of the insulin peptide when expressed by the bacteria. Detection of gene insertion is done when the fusion protein allows the plated X-gal substrate to turn blue.
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Free 1-on-1 Consults

What Are 1-on-1 Consults?

Who Runs Them? Experienced Contour tutors (45 + raw scores and 99 + ATARs).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after-school weekdays, and all-day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next:)
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SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link

bit.lv/contour-biology-consult-2025
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