Chap 3 Recombinant DNA Technology

Introduction

® Core of contemporary biotechnology. In 2011, the sales of biologics have hit 200 billion
USD worldwide and >75 billion in the US in 2014. In 2022, the global market for
biologic drugs reached a substantial value of $382.04 billion. The majority of biologics

are recombinant proteins (e.g. monoclonal antibody) produced using recombinant DNA

technoloqy (see Appendix).

Also named gene cloning, molecular cloning or genetic engineering.

Transfer DNA (foreign DNA, cloned DNA or insert DNA) from one organism to
another.

®  General procedure (cohen et al. PNAS USA, 70: 3240-3244, 1973.

Source DNA Vector DNA (plasmid)

l Restriction enzyme to

- Restriction enzyme to linearize vector
digest the DNA

L IESSSSS———— | inear DNA
join (ligate) the target DNA and the vector
Recombinant DNA

l Introduce DNA into host cell

Express the proteins in the host cells

|. Restriction Endonuclease (restriction enzyme)

DNA molecule can be cut by:

1. passing DNA thru a small-bore needle to break DNA into 0.3-0.5 kb
fragments=»random



2.  restriction enzyme which recognizes DNA internally at specific bp sequences

(usually 4-6 bp, palindromic, i.e. two strands are identical when read in either direction).

Examples of RE

Figure4.2 Symmetrical, staggered cleavage of a short fragment of DNA by the type
o ECOR I Il restriction endonuclease EcoRL The bold arrows show the sites of cleavage in the
DNA backbone. S, deoxyribose sugar; P, phosphate group; OH, hydroxyl group; A,
adenine; T, thymine; C, cytosine; G, guanine. The EcoRI recognition sequence is
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®  Hind II: recognizes GTTAAC and cuts it into blunt ends

Figure 4.3 Blunt-end cleavage of a short fragment of DNA by the type Il restriction
endonuclease HindIl. The bold arrows show the sites of cleavage in the DNA back-
bone. For abbreviations, see the legend to Fig. 4.2. The HindII recognition sequence

is highlighted.
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~ TasLE 15.1

Characteristics of Some Restriction Endonucleases

NUMBER OF CLEAVAGE
i Sites IN DNA FROM
RECOGNITION e Mo

ENzZYME PRONUN- ORGANISM IN WHICH SEQUENCE AND
NAME CIATION ENzYME 1S FOUND PosiTioN or Cut* A pBR322
ENZYMES WITH 6-bp BamHIl  “bam-H-one”  Bacillus 5 1
RECOGNITION SEQUENCES amyloliquefaciens H
Bglll “bagel-two” Bacillus globigi 5 0
EcoRI  *‘echo-R-one”  E. coli RY13 5 1
Haell “hay-two” Haemophilus =30 11
aegyptius
HindIIl ~ “‘hin-D-three™  Haemophilus 6 1
influenzae R4
Pstl “P-S-T-one” Providencia 18 1
Stuartit
Sall “sal-one” Streptomyces 2 1
albus G
Smal “sma-one” Serratia 3 0
marcescens
Enzymes wiTH 4-bp Haelll ~ “‘hay-three” Haemophilus >50 22
RECOGNITION SEQUENCES egyptius
Hhal “ha-ha-one” Haemophilus >50 31
hemolyticus
Hpall “hepa-two” Haemophilus >50 26
pdﬂ””ﬂl((‘"ld(’
Sau3A  “sow-three-A”  Staphylococcus 116 22
aureus 3A
ENzyMEs wiTH 8-bp Notl “not-one” Nocardia 0 0
RECOGNITION SEQUENCES otitidis-caviarum

*In this column the two strands of DNA are shown with the sites of cleavage indicated by arrows. Since there is an axis of two-fold rotational
symmetry in cach recognition sequence, the DNA molecules resulting from the cleavage are symmetrical.
Key: R = purine; Y = pyrimidine.
® Note: RE are found primarily in bacteria to cut the bacteriophage! DNA as a defense
system. The bacterial DNA is resistant because its DNA is chemically modified (methylation

of cytosine to form 5 methylcytosine) to mask most of the recognition sites. (purine: A or G, pyrimidine: C or T)

II. DNA ligase

® Fragments cut by RE need to be joined to form a recombinant DNA (rDNA)
® DNA ligase (mainly from bacteriophage T4) catalyzes the formation of phosphodiester
bonds at the ends of DNA=>» rDNA

! Bacteriophage: The virus that infects bacteria.
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Figure 46 Mode of action of T4 DNA ligase. The enzyme T4 DNA ligase forms
phosphodiester bonds by joining 5'-phosphate and 3'-hydroxyl groups at nicks in
the backbone of double-stranded DNA. A. Ligation of sticky-ended DNA. B. Liga-
tion of blunt-ended DNA. A, C, G, and T represent nucleotides.

T4 DNA ligase is the only DNA ligase that efficiently joins blunt-end termini under

normal conditions. Sticky ends ligations are usually carried out at 12-15°C. Blunt-end

ligation is usually more difficult and is carried out at RT (room temperature) with 10-

100X more enzyme than sticky end ligations. The ligase activity is strongly inhibited by [NaCIJ>150 mM.

Cloning strategies

In some cases, DNA needs to be modified for cloning. Modification can be achieved

using enzymes. For example:

Modifying enzyme

Function

T4 &T7 DNA pol

Removal of 3” protruding(2€H} HY)ends

T4 &T7 DNA pol
Klenow fragment (c-terminat proportion (70%)
of E. coli DNA pol I, possess the DNA pol activity and 3°-
5” exonuclease activity but lacks 5’->3” exonuclease

activit

Filling in 3’ recessive (4g#EZ1Y) ends

Terminal transferase

DNA-independent, add ~10 nt to the 3’ end
in 30 min




Joining of incompatible ends [2]
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Figure 3.16.1 Joining DNA fragments with incompatible ends.

Joining of blunt ends
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permanently
joins fragments
together

5 I A A (A), AA SEE—— 3
3 O TT(T) 7T T TR

FIGURE 5-9

Two blunt-ended DNA fragments can be joined together
by adding poly(dA) and poly(d'T) rails 1o the ends of the
fragments. The complementary tails will form base pairs,
and enzymes can be used o fill in any single-stranded gaps
and join the fragments permanently.

Golden Gate Shuffling
® Traditional cloning methods are inefficient and time consuming to join multiple

fragments.
® Golden Gate Shuffling is a protocol to assemble separate DNA fragments together into a

vector in one step and one tube.




This cloning strategy is based on the ability of type IIS restriction enzymes (e.g. Bsal) to

cut outside their recognition site (e.qg. t f B B f
« L ONON |1234 L gagacc ggtctc a | 1234 nnnn...
agacc). ...nnnn 12734|a ctectgg + ccagag t 1234 nnnn. ..

B Two DNA ends terminated by the
l Bsal + Ligase

same 4 nucleotides (sequence f,

. . L NN + 1234 nnnn...
composed of nucleotides 1234) ...nnnn 1234 nonn. ..
can be synthesized, where *
sequences f are flanked by a Bsal ...nnnn 1234 nnnn. ..

...nnnn 1234 nnnn...

recognition sequence, B. ’ 1\

B The type Ils restriction enzyme removes the
enzyme recognition sites and generates ends

with complementary 4 nt overhangs.

4 ussrion Y 4 N

B These ends can be ligated seamlessly, creating O ©
a junction that lacks the original site.
Ex: One-pot one-step assembly of 9 fragments 1} e
B First select a number of 4 nucleotides &£ 5 * 3 ” o

‘recombination sites’ on a nucleotide sequence

alignment of several homologous genes.

B The selection of these recombination sites defines modules that consist of a core
sequence (C1-C9) flanked by two 4 nt sequences.

B These 9 modules can be amplified by PCR with primers designed to add flanking
Bsal sites on each side of the modules (the Bsal cleavage sites perfectly overlapping
with the recombination sites) and cloned into 9 plasmids separately.

B The recipient expression vector, pX-LacZ contains two Bsal sites compatible with
the first (C1) and last (C9) modules.

B Mix 9 module plasmids and 1 recipient plasmid into one tube. Add Bsal and ligase.
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V. Cloning Vectors

® To make the rDNA useful, one must have the gene of interest, the other fragment must

enable the cellular maintenance of the rDNA=> plasmid is the most commonly used

cloning vector.
Plasmids:

1.

EcoRI

Self-replicating, ds, circular DNA in bacteria, Hind1Il

s BamHI

independent of chromosomal DNA

. ae s Tet"
2. Some encode resistance to antibiotics, others carry =
genes for the utilization of unusual metabolites. Fstl Sall
3. Different plasmids can co-exist in cells, each may
have different functions.
Kb I ltiol . . Origin of
4. 1-500 kb, usually multiple copies exist. replication
5. Have the origin of replication (ori), for plasmid Figure4.7 Genetic map of the plasmid
. cloning vector pBR322. Unique HindIIl,
replication initiation. Sall, BamHI, and Pst] recognition sites
_ ) are present the genes for tetracycline re-
® Essential features of cloning vectors sistance (Tet") and ampicillin resistance
o o (Ampr). The unique EcoRI site is just
1. Origin of replication outside the tetracycline resistance gene.
o . _ The origin of replication functions in
2. Small (<15 kb) for efficient transfer into E. coli. the bacterium E. coli. The complete
. . . . DNA sequence of pBR322 consists of
3. Multiple unique restriction sites? into which the 4,361 bp.
foreign DNA can be inserted (multiple cloning site,
MCS).
4. Selectable markers for identifying cells harboring the rDNA, and whether the
foreign DNA is inserted.
® ex: pBR322 (p indicates plasmid)

B Contains Ori and several unique restriction sites (Hindlll, BamHI..)
B Two antibiotics resistance genes against ampicillin (Amp') and tetracycline
(Tet".

2 Sequences that can be recognized by restriction enzyme



Cloni ng: Plasmid DNA Target DNA

Restriction endonuclease

® For cloning, both plasmid and the target DNA l?:*vlage - denzge
Alkaline phosphatase
are treated with the RE and ligated with T4 . Do S VIV o
. HO ———— OH e RAAAAVAVAVAVAVAVAR
DNA ligase.
® The plasmid DNA may self-ligate after RE \m
digestion. To minimize the self-ligation, the 01 Phosphodieter

P bond
/N

digested plasmid can be treated with alkaline

phosphatase to remove the phosphate group.

® The two phosphodiester bonds are formed by T4
ligase and able to hold both molecules together

despite the nicks.

®  After transformation and the ensuing replication

~ Phosphodiester
bond

cycles, host cell ligase system produces new }T .
~ Transtormation

complete DNA w/o nicks.

Host cell

V. Transferring genes into cells

®  After construction, the rDNA is transferred into cells by one of the following methods:

B Transformation: Transferring genes into prokaryotic cells. Expose bacterial cells to

CaCl; or PEG (polyethylene glycol) to make cells competent (able to take up
exogenous DNA)3. Mix the cells with the recombinant DNA and apply a heat
shock (rapid increase of temperature from 37 to 42°C in the tube). The membrane
can transiently open to uptake DNA.

B Electroporation: apply a brief electric pulse to induce transient openings. Can be

used to transfer large DNA into bacteria or eukaryotic cells (See Appendix).

B Transfection: Transferring genes into eukaryotic cells. - DNA is mixed with

liposome (cationic phospholipid that can form micelle and fuse with membrane) so
that rDNA is encompassed. The mixture is added to cells for gene delivery.

3 In CaCl2 method, the competency can be obtained by creating pores in bacterial cells by suspending them in a solution
containing high concentration of calcium. DNA can then be forced into the cell by heat shock treatment at 42°C for
transformation.



B Gene gun: DNA is coated with gold particles and bombarded into cells (e.g. plant
cells)

B Microinjection: used to introduce genes into
single cells (e.g. eggs (JN-1-) for the
generation of transgenic animals). An
extremely fine pipette is used to directly

inject DNA into the nucleus of cells (e.g.

fertilized egg or embryo) so DNA is

Figure 4.2 Microinjection of DNA into a pronucleus of a

integrated into the chromosome. The Rt sl o,

transfected egg is then implanted into an animal.
B Virus vectors: recombinant viruses are created and used to infect or transduce cells.
® Note:

B The host cells (e.g. E. coli Top10) must lack the genes for RE used, otherwise
the cloned gene would be cleaved.
Transformation efficiency is typically low (<0.1%).

B Some cells are transformed by unwanted plasmids (the original plasmid that re-
circularize), or non-plasmid DNA=» in a population of cells, not all cells

receive a recombinant plasmid=> selection is needed.
VI. Selection

® Identify and select the cells containing the desired recombinant DNA.

Example: a gene cloned into the BamHI site of pBR322

® If the foreign DNA is inserted at the BamHI site=>»the Tet" gene is disrupted in the
recombinant plasmid=>» the desired cell is AmpP'Tet® resistant to Amp but sensitive to Tet); the cells
with the re-circularized pBR322 are Amp'Tet". EcoRI

HindIIl

Origin of
replication



® Replica plating:
B Grow diluted (F75F%) cells on agar plate* with

N r
- - B amp A
Amp. Amp" cells can grow into colony® (in the ] colonies
. grow
master plate
~ ampicillin in medium
1Iift colonies

velveteen pad

EZ S 4,-‘

master plate
lreplica plate

master plate)

. . . -
B Asterile pad (e.g. nylon filter paper) is pressed - dagg':(':;gline "

against the master plate containing Amp, cells B

from the colony adhere to the pad.

B The pad is then pressed against medium in a amp", tet" cells grow
(nonrecomb__ynant cells)
second agar plate (replica plate containing both Tet compare replica plate
with master platg
and Amp), transferring cells to the second plate. Ll

The locations of these cells are identical to the
original colonies on the master plate.
B Surviving colony: Amp'Tet'

. r S master plate replica plate

Dead colony: Amp'Tet amp'tet”

B Compare the replica plate with the master plate. recombrinar:é cells

(amp', tet®)
Pick the Amp'Tet® colony (the cells with the r are collected
plasmids) on the master plate. ire 4.4 Selecting for recombinant cells after transformation.
L]
Replica
Plating.mp4
® Note:

4 Agar plate: Culture plate filled with agar (solid medium for cell growth)

5 Colony: a group of cells originating from the same single cell
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B pBR322 and replica plating are seldom used nowadays because screening is time-

consuming. Replica plating may be used for_counter selection.

B New vectors normally contain reporter genes and multiple cloning sites.

Improved vectors

® Multiple cloning sites (MCS): allow the choice of different restriction enzyme

(containing many restriction recognition sites)

® Reporter genes:

Examples of reporter proteins:
1. B-galactosidase: encoded by LacZ gene; breaks down X-gal (a lactose analogue)
and produces blue color in the medium. In the pUC18 plasmid, if the foreign gene

is cloned into the MCS and disrupt the LacZ gene, the colony will be white.

Hindlil
Sphl
Sbfl

""
MCS & Smal

LacR binding site Acch5!
Plac SP”:I
an
puc18 Eco53kI
Rool
pol
2686 bps ECoRI

pMB1 ori

2. GFP (green fluorescent protein): can be excited at 395 nm and emit fluorescence at

510 nm and observed by GFP-derived mRFP1-derived  Evolved by SHM
. Exc. 380 axws2 488 516 4omsos 540 548 554 568 574 587 595 536 605 590 nm
fluorescence mICI’OSCOpe and Em. 440 4705 509 529 samse2 553 562 581 585 596 610 620 625 636 648 nm

quantified by fluorimeter. There are

TV

many variants (GFPuv, EGFP, RFP, m
EYFP, mCherry5, AmCyan1/). A

(euu) d4

MapABUOH
0jewo | p}
aupabuejw
Ausqdseyw

6 mCherry is a red monomer which matures extremely rapidly, making it possible to see results very soon after activating
transcription. Excitation maximum: 587 nm, emission maximum: 610 nm

" Living Colors AmCyan1 is a cyan fluorescent protein that was isolated from the coral reef organism Anemonia majano.
Cyan fluorescent proteins such as AmCyan1 are ideal for simultaneous detection of two or more events in the same cell or
cell population, because their excitation and emission spectra are distinct from other fluorescent proteins.
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3. Luciferase: catalyzes a bioluminescent reaction to generate light. The light intensity

can be recorded and quantified. Firefly luciferase is often used.
luciferin+ ATP+ 0O, —releree , gyvluciferin+ AMP+ PP +CO, + light
® Note: Other bacteria such as Bacillus subtilis or Agrobacterium tumefaciens (EAR 5,

containing Ti plasmid commonly used for gene transfer into plant cells) can be used as

host cells.
VIl. Creating a Gene Library

® Objectives: e.g. (1) for genome sequencing; (2) isolation of genes that encode the
proteins; (3) creating new protein variants
® (genomic) library: a collection of clones that contain every gene (in the genome)
B in prokaryotes: coding regions are continuous

B in eukaryotes: exons are separated by introns=>» different cloning strategies

Creating a prokaryotic gene library:

® Cut the complete genomic DNA with RE and insert each fragment into a vector.

® Transform the vectors to cells to form colonies.

® The specific colony (clone) that carries the target DNA is identified, isolated and
characterized=>» the collection of the o S St

site site

clones is called the “library”. s v b ¥ . v Soure

® Partial digestion: vary the length of

time and amount of RE for digestion
to obtain all possible fragments. A b ‘ 0 d

® A complete library theoretically ah

contains all the genomic DNA aihe i

of the source organism. a beced

B Problem: some fragments may ah

be too large to be . b , d

cloned=»incomplete library o c+d

B Solution: form a library with another RE

12



Screening of the clones
(1) by DNA hybridization:

® Depends on base pairing (hybridization) between the probes® (1) and the target

sequence.

Denaturation: heat DNA to break the H-bond, so that the d.s. DNA becomes s.s.

Add the probe for hybridization. The probe sequence can be deduced from known

MRNA or protein sequence.

RRERRRRRRRRRRRERRERRRRRERRRRNURORANGSSS
|

Denaturation
and binding
to membrane

T T T T T T TI T T

Lebeled R AR |

single-stranded

[T

k. *

MM

I IIH‘HH]H

Hybridized

DNA *

ANTHII AL

_, Colony , Matrix

Master e, W,

/ plate - : d\
_— =
1 Transfer O C )
| cells C}
~— >
2 Lyse cells;

4 Subculture denature DNA
cells from [ and bind to matr
master plate

, Matrix - |  Matrix
/ . 7 Bound
== [aaaal R
= Probe P WL
= = e
1 & 7 / & &
b = === R = o
‘ /-b‘( & &) 3 Hybrdize &S S
\ = = = =
) R =, AR AT
K @/ ® @/
o~ S >

Hybridized
probe

B The probes can be 100-1000 nt although larger or smaller probes may be used.

Usually, stable base pairing requires a match of >80% within a segment of 50

bases.

B Because most genomic libraries are created from partial digestion, a number of

clones may give a positive response=>»further check (e.g. RE mapping, protein

assay...) is needed.

o

Colony
hybridization met

8 Probe: a short DNA that is designed to bind specific target DNA. The probe is labeled with a fluorescent or luminescent

(e.g. digoxigenin) dye for facile detection
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(2) by immunological assay
B Similar to DNA hybridization, but Ab replaces the DNA probe
(3) by protein assay
B Suitable for enzymes (such as 3-gal, amylase...)
B Add substrate into the medium
B Detect the right colony by color change (see reporter gene previously)

® Overall: very time-consuming=>» high-throughput screening.

Creating an eukaryotic cDNA (complementary DNA) library
® Start from mRNA (to avoid intron problems) that has a poly-A tail at 3’end

(1) Purification of MRNA
® L yse the cells with lysis buffer to release the RNA sample. Load the samples containing

mRNA to a column (%&1F) containing beads (f§%f) conjugated with oligo(dT) for
purification. The resultant product is a pool of mMRNAS (a mixture containing many

different mMRNAS).

Ollilgr{dﬂ
Poly(A) FIGURE 7-2
hmy'i;':‘iﬁizes Isolation of poly(A) RNA. Most eukaryotic mRNAs carry a
to oligo(dT) poly(A) tail, which can be used to purify the mRNA
fraction from the bulk of cellular RNA. Cellular RNA is
passed over a column consisting of an inert material, often
cellulose or agarose, to which oligonucleotides consisting
RO RG] entirely of deoxythymidine (dT) residues have been
attached. The poly(A) tails hybridize to this oligo(dT),
causing the mRNA to stick to the column, while the rest of
the RNA runs through. After extensive washing of the
column to remove the last traces of contaminating material,
the column is washed with a buffer of low ionic strength.
Under these conditions the poly(A)-oligo(dT) hybrids disso-
ciate, and the purified mRNA washes off the column.
Pon o —

‘ rRNA and tRNA eluted

1
AAAAA| ARARA] Poly(A) mRNA elured
CETRARRR
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(2) Converting MRNA to cDNA by reverse transcription
®  First stage: Reverse transcription (RT)
® 0ligo(dT) base pairs with poly A tail and provides a 3’ hydroxyl group to prime the
synthesis and reverse transcriptase synthesizes the 1% strand.

® reverse transcriptase: from RNA viruses (e.g. murine leukemia virus g, 77

%7); a multifunctional enzyme that possesses:

mRNA
G AAAAAA 3

Oligo(dT) primer
|

G AAA/T/'\/I\/-"\AAAAA 3
Reverse /T LR
transcriptase 3" OH
and four
dNTPs

i

ST S TTITOITAAA
TTTT TERETR]?
OH 3’ OH ¥

Klenow fragment Klenow fragment
and four dNTPs and four dNTPs
AAAAAAA G AAAAA
RNase H; RNase H;
S1 nuclease S1 nuclease
CICOITOITOC S 4B ERRBERR}
Complete cDNA Incomplete cDNA

\ /

A pool of cDNA
T4 DNA ligase+ a linker (e.g. GGATCC for BamH]I)
linker

v -
L1 [ ]

Cleavage of linker with RE and insertion into vector cleaved w/ RE

v
Formation of a cDNA library
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(1) RNA-dependent DNA pol activity: uses RNA as the template and 4 dNTP to direct
the synthesis of 15-strand CDNA. R synthesis of DNA usually is incomplete. The DNA strand usually turns
back for a few nt to form a hairpin loop.
(2) RNAse H activity (degrades RNA in an RNA:DNA hybrid from either 5 or 3° terminus.
(3) DNA-dependent DNA pol activity (but very low efficiency)

2"d stage: DNA amplification (can be done in another tube)

® Klenow fragment (or Taq pol) uses the first DNA strand and 4 dNTP to synthesize
the 2" strand.

® Sl nuclease opens the hairpin loop.

3" stage: DNA ligase joins the fragments, cloning into vectors.

Reverse transcription can be coupled to PCR (RT-PCR) in the second stage to amplify
the cDNA. Reverse transcription occurs in a tube (60 min at 37°C) and generates the 1°

strand cDNA, then we can take an aliquot to another tube for 2" stage PCR.

VIII. Vectors for cloning large pieces of DNA

® Why these vectors?

B A larger genomic library is likely to include all the genetic material
B More likely that a particular gene is entirely in a single clone, important for the
analysis of complex eukaryotic proteins.

B But plasmid-based vectors can contain only up to 10-15 kb, otherwise it’s
difficult to deliver into cells.

(1) Bacteriophage A vector (=20 kb)

A virus that infects bacteria. Phage A DNA is -
packaged in the head and, after attachment, is %‘ @ e
injected into the cells. Pﬁi”
Causes lysogenic infection: A \
B ) DNA integrates into the host Long tail [ pite
chromosome at specific attachment sites 2D 3D

(attP on the phage DNA and attB on the bacterial chromosome) and maintain

as a benign guest.
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B Under stressed conditions (nutritional or environmental)=»ADNA is excised

(=) from chromosome, starts to express proteins and enters a lytic cycle.

Packaging of A DNA into heads

A DNA is ds and linear, ~ 50 kb with a 12 base single-stranded extension at the 5’ end of

each strand=>» cohesive ends (cos). Cos ends are complementary, after injection into E.

coli, the cos ends join to form a circular molecule.

The DNA replicates into a linear
A DNA consisting of contiguous
lengths of 50 kb

The volume of the head is

sufficient for 50 kb,
B >52 kb =»can’t fit into
the head
B <38kb=>

noninfectious particles
An enzyme at the head opening
recognizes Cos sequence and cuts
the DNA=>» each newly
assembled phage has a DNA of ~
50 kb in length.

Phage A cloning system

P

Bacteriophage A

¢ head

BN

:

. //
G N
\\\i\( L

Multiple-length ~
bacteriophage A
DNA

B

Cos sequence

-~

SN
ANy DNA
Sa

A genome can be cut w/ BamHI into 3 segments:

B Right arm (R): for DNA replication and cell lysis

B Leftarm (L): for production of heads and tails

B |/E: for integration and excision
Cut the target and phage DNA with BamH|

Figure 4.16 Packaging of bacteriophage A
Tail DNA into heads during the lytic cycle. A.
DNA replication from the circular form of
bacteriophage A creates a linear form that
is composed of contiguous, multiple
lengths of bacteriophage DNA of approxi-
mately 50 kb each. B. Each newly assem-
bled head is filled with a 50-kb unit of A
DNA before the tail assembly is attached.

, Tail fiber

T4 DNA ligase to join the target DNA of 15-20 kb with L and R arms
Add empty phage heads and tails (assembled from expressed proteins) =» 50 kb units of

DNA are packaged in vitro (in the test tube) to form infectious phage A (in vitro



packaging). Other products from the ligation either too large or too small can’t be
packaged.

® Infect E. coli with the bacteriophage particles.
B Recombinant phage A undergoes lytic cycles in E. coli=» plagues form (reconstituted

phage A won’t form plaques.
B Wild-type phage results in lysogenic infection=» no plaques form.
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cos end e 8 S S RSN
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v
-4; 20kh |-
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< | [ |
—————n vitro phage packaging - -
-+ Jransform into P2-£. colif ——————»

Plaques
No plaques formed
formed

® Screen the plaques by DNA probes (hybridization), immunological methods or DNA
sequencing=>obtain the library carried by the bacteriophage.

(2) Cosmid: Combines the features of phage A and plasmid

(3) YAC: 100-1300 kb, unstable

(4) BAC: 100-400 kb, more stable, essential in Human Genome Project (HGP)

(5) HAC (Human artificial chromosome): >2000 kb, containing the telomere and human o

satellite DNA (repetitive sequences in the centromere, the 170 kb momomer forms arrays of

repeats of up to several Mb), mimicking human chromosomes and is used for gene expression

(therapy).
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Appendix

In 2022, the global market for biologic drugs reached a substantial value of $382.04 billion. These
medications, derived from living organisms, play a crucial role in treating various conditions,
including cancer, genetic diseases, and autoimmune disorders. The rising burden of these health
challenges, coupled with the approval of disease-modifying therapies, has fueled the demand for
biologic products.

Notably, the development of disease-modifying therapies, such as monoclonal antibodies, has
been instrumental in driving the biologics industry. For instance, in January 2023, the FDA
approved Legembi (lecanemab-irmb) for the treatment of Alzheimer’s disease. Leqembi reduces
amyloid-B plaques and moderately slows mild cognitive decline in patients with early Alzheimer's
disease. Furthermore, novel products like gene therapy, RNAi therapies, and mRNA-based
vaccines have successfully entered the market. Pfizer's Comirnaty, an mRNA-based vaccine for
Covid-19, became the top-selling biologic in 2021. This achievement has paved the way for the
development of mRNA-based vaccines targeting other diseases, such as RSV and flu. For
instance, in September 2022, Pfizer initiated phase 3 trials for its mRNA-based flu vaccine,
highlighting the expanding opportunities in this field.

However, it's essential to note that the approval of biosimilars poses a challenge to the biologics
market. As of 2022, the U.S. FDA has approved 40 biosimilars. Governments encourage the use
of biosimilars due to their lower cost, leading to significant savings in overall healthcare
spending. For instance, biosimilars resulted in a saving of USD 7 billion in 2021 in the U.S. Despite
this constraint, the biologics market continues to thrive, shaping the future of healthcare and
patient outcomes1.In 2023, the pharmaceutical landscape witnessed several notable trends, with
metabolic disease drugs gaining prominence alongside continued dominance by oncology
treatments. Let's delve into the top 10 best-selling biologic drugs and their sales figures:

1. Keytruda (Pembrolizumab):

o Manufacturer: Merck
o 2023 Sales: $25.0 billion’.
o Indication: Various cancers.

2. Dupixent (Dupilumab):
o Manufacturers: Sanofi & Regeneron
o 2023 Sales: $23.2 billion’.

o Indications: Approved for treating several inflammatory conditions, including
atopic dermatitis, asthma, chronic rhinosinusitis with nasal polyps, prurigo
nodularis, and eosinophilic esophagitis in specific patient populations.

3. Eliquis (Apixaban):
o Manufacturers: BMS/Pfizer

o 2023 Sales: Sales data not provided in the results.

o Indication: Anticoagulant used to prevent blood clots and strokes.
4. Humira (Adalimumab):
o Manufacturer: AbbVie

o 2023 Sales: Sales data not provided in the results.
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o Indications: Used for various autoimmune conditions, including rheumatoid
arthritis, plaque psoriasis, Crohn’s disease, and more.

5. Opdivo (Nivolumab):
o Manufacturers: BMS/Ono Pharmaceutical

o 2023 Sales: Sales data not provided in the results.

o Indication: Cancer immunotherapy.
6. Darzalex (Daratumumab):
o Manufacturer: J&J

o 2023 Sales: Sales data not provided in the results.

o Indication: Used for multiple myeloma.
7. Tagrisso (Osimertinib):
o Manufacturer: AstraZeneca

o 2023 Sales: Sales data not provided in the results.

o Indication: Targeted therapy for non-small cell lung cancer.
8. Rituxan (Rituximab):
o Manufacturer: Roche

o 2023 Sales: Sales data not provided in the results.

o Indications: Effective for certain cancers and autoimmune diseases.
9. Stelara (Ustekinumab):
o Manufacturer: Janssen

o 2023 Sales: Sales data not provided in the results.

o Indications: Approved for psoriasis, psoriatic arthritis, and Crohn’s disease.
10. Avastin (Bevacizumab):
o Manufacturer: Roche

o 2023 Sales: Sales data not provided in the results.

o Indications: Used for various cancers, including colorectal, lung, and kidney
cancer.

Searched From “BING”
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Gene of interest

Culture cells

Selectable marker gene

Mix cells and DNA
in a special cuvette

Apply
voltage

Cells take up
DNA through
holes in
membrane

DNA enters
nucleus

No selection

Apply selection

l )

Stable Transient
expression expression

FIGURE 6-8

Gene transfer by electroporation. Cells are mixed with the
DNA to be transfected and placed in a small chamber with
electrodes connected to a specialized power supply. A brief
electric pulse is discharged across the electrodes, which
transiently opens holes in cell membranes. DNA enters the
cells, which are removed and plated in fresh medium. The
cultures can be harvested for experiments during the tran-
sient expression phase, or selection can be applied to isolate
stably transfected clones.

See [1]
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FIGURE 6-9

Transfection using liposomes (lipofection). DNA, which is
negatively charged at near-neutral pH because of its phospho-
diester backbone, is mixed with lipid molecules with positive-
ly charged (cationic) head groups. The lipid molecules form a
bilayer around the DNA molecules, which creates liposomes
that are mixed with cells. Most mammalian cells are negative-
ly charged at their surface, so the positively charged liposomes
interact with the cells. Cells take up the lipid-DNA complex-
es, and some of the transfected DNA enters the nucleus.
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FIGURE 6-11

Direct transfer of DNA into plant cells by microprojectile bombardment (“shotgun”). A thick coat of DNA
is deposited onto the surface of a 1-um-diameter tungsten or gold particle by precipitation with calcium chlo-
ride. The beads are placed on the end of a plastic bullet (the “macroprojectile”) in the barrel of a particle gun
designed especially for this purpose. The target plant tissue or suspension cells are placed next to a small
opening at the end of the barrel. The macroprojectile is propelled toward the cells by an explosive charge
and, as it slams into the retaining plate, the particles it carries pass through the aperture and hit the cells. The
barrel of the gun and the specimen chamber are usually evacuated, otherwise the air resistance slows the
velocity of the microparticles. Plant cells can withstand a vacuum for as long as 2 min. Following bombard-
ment, the cells are transferred to a cell culture plate and plants are regenerated as described in Fig. 6-10.

See [1]
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