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Cloning Eukaryotic
WRLLOE @ chromosome
(plasmid)
@ Cloning vector @ DNA fragment of interest
is cleaved with is obtained by cleaving

ctricti chromosome with a
::..d.;.n u:I:ase. restriction endonuclease.

@ Fragments are ligated
,Jj ) to the prepared cloning
vector.

DNA ligase

Schematic ,

) ) Recombinant
IHlustration of vector

DNA cloning e

produces many copies
of recombinant DNA.

l@ Propagation [cloning)

Figure 9-1
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Cloning Eukaryotic
vector @ chromosome

(plasmid)

@ Cloning vector l@ DNA fragment of interest
is cleaved with is obtained by cleaving
restriction chromosome with a
endonuclease. restriction endonuclease.

@ )_;;) @ Fragments are ligated

to the prepared cloning
vector.

DNA ligase

© Recombinant
vector

Figure 9-1 part 1
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© Recombinant
vector

(@) DNA is introduced
into the host cell.

@ Propagation (cloning)
produces many copies
of recombinant DNA.

Figure 9-1 part 2
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Enzyme(s) Function
Type ll restriction endonucleases Cleave DNAs at specific base sequences
DNA ligase Joins two DNA molecules or fragments

DNA polymerase | (E. coli)
Reverse transcriptase
Polynucleotide kinase
Terminal transferase
Exonuclease 1l
Bacteriophage A exonuclease
Alkaline phosphatase

Fills gaps in duplexes by stepwise addition of nucleotides to 3’ ends

Makes a DNA copy of an RNA molecule

Adds a phosphate to the 5'-OH end of a polynucleotide to label it or permit ligation
Adds homopolymer tails to the 3'-OH ends of a linear duplex

Removes nucleotide residues from the 3’ ends of a DNA strand

Removes nucleotides from the 5' ends of a duplex to expose single-stranded 3" ends
Remaves terminal phosphates from either the 5’ or 3’ end (or both)

Table 9-1
Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W.H. Freernan and Company



Restriction endonucleases

 Also called restriction enzymes

e Occur naturally in bacteria

 Hundreds are purified and available commercially
 Named for bacterial genus, species, strain, and type

Example: E Rl
Genus: Escherichia

Species: i
Strain: R



BamHI

Clal

EcoRIl

EcoRV

Haelll

l .
(5"GGATCC(3)
CCTAGG
)

d
(5)ATCGAT(3)
TAGCTA
T

l o«
(5'GAATTC(3)
CTTAAG

il

J
(5)GATATC(3')
C'I'ATThG

!
(51GGCC (3
CCGG
i)

Hindlll

Notl

Pstl

Pvull

Tth111l

|
(5 AAGCTT(3)
TTCGAA
1

4
(5)GCGGCCGC(3)

EGCCGGFG

* b
(5) CTGCAG(3')
GACGTC
T *

!
(5)CAGCTG(3)
GTE? AC

l
(5YGACNNNGTC(3)

ETENHTHCAG

Arrows indicate the phosphodiester bonds cleaved by each restriction endonuclease. Asterisks indicate bases that are methylated by the corresponding
methylase (where known). N denotes any base, Note that the name of each enzyme consists of a three-letter abbreviation (in italics) of the bacterial
species from which it is derived, sometimes followed by a strain designation and Roman numerals to distinguish different restriction endonucleases iso-
lated from the same bacterial species, Thus BamHI is the first {1} restriction endonuclease characterized from Bacillus amylaliquefaciens, strain H.

Table 9-2

Lehninger Principles of Biochemistry, Fifth Edition
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Recognition
sequences

Cleavage
site

Cleavage
site

---GGT|GAATTCAGCTTCGCATTAGCAGCTGITAGC ---
Chromosomal ___:c3 GIT CGAAGCGTAATC|GT CIGAC|ATC G ---
DNA
EcoRI Pvull
restriction restriction

endonuclease

endonuclease

-=-=-GGT
---cca&]};ﬂ

CTGTAGC---
GACATCG-—--

—\‘ DNA
ligase
Plasmid +
cloning vector
cleaved with
EcoRl and Pvull
Figure 9-2ab

Lehninger Principles of Biochemistry, Fifth Editian
€ 2008'W. H. Freernan and Company

mc-r-rcecnrnalcm

GTCGAAGCGTAATC|GTC

Sticky ends Blunt ends
(a) (b)



Pstl____ Hindill BamHI __Smal

AHTTC[CTGCAGH.HAGCTT'C ClGGAT ClchCGGG]
GGACGTCTTCGAAGGCCTAGGGGCCCTTAA

Synthetic polylinker

DNA
ligase

Plasmid cloning vector
cleaved with EcoRlI

Figure 9-2¢
Lehninger Principles of Biachemistry, Fifth Editian
€ 2008'W. H. Freernan and Company



Ampicillin Tetracycline
resistance resistance
(ampr) (tetr)

pBR322
(4,361bp)

Origin of
replication 1
(ori) Pvull

Figure 9-3
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W, H. Freeman and Company

The constructed E. coli plasmid pBR322



pBR322

o) €3 9m0" prasmids
PBR322 is cleaved at the ampicillin- p A
'St restriction
resistance element by Pstl. l il

g-u C W
@ 'i:‘" G Fo-:nignﬂﬂn

Foreign DMA is ligated to cleaved
pBR222. Where ligation is successful,

the ampidillin-resistance element is DHA
disrupted. The tetracycline -resistance ligase
element remains intact. @) ¥

@ o 69§

E. coli cells are transformed, then

grawn on agar plates containing transfarmation
tetracycline to select for those that Nk of E. colf cells
have taken up plasmid.

selection of
transformed cells
All colonies Agar

have plasmids containing

tetracycline
Individual colonies are transferred
to matching positions en additional

plates. One plate contains tetracycline, colonbes iransferred

the other tetracycline and ampicillin. for testing
Colonies with
recambinant
plasmids . .
Agar containing Agar containing
tetracycline ampicillin +
@ {control) tetracycline

Cells that grow on tetracycline but not en tetracycline + ampicillin contain recombinant
plasmids with disrupted ampicillin resistance, hence the foreign DNA, Cells with pBR322
without foreign DNA retain ampicillin resistance and grow on both plates.

Figure 9-4

Lehninger Principles of Biochemistry. Fifth Edition

© 2008 W. H. Freeman and Compary



r PBR322
@ @ de plasmids
® O ﬂ% .
pBR322 is cleaved at the ampicillin- l .

resistance element by Pstl.
endonuclease

ﬁ@ C ’ﬁfﬁ
® n°

Foreign DNA is ligated to cleaved
pBR322. Where ligation is successful,

the ampicillin-resistance element is DNA
disrupted. The tetracycline-resistance ligase

element remains intact. @
® o 698

E. coli cells are transformed, then l

c—" Furmgn DNA

transformation
of E. coli cells

grown on agar plates containing
tetracycline to select for those that
have taken up plasmid.

Figure 9-4 part 1
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selection of
transformed cells

Agar
containing
tetracycline

All colonies
@ have plasmids

Individual colonies are transferred
to matching positions on additional
plates. One plate contains tetracycline,
the other tetracycline and ampicillin.

colonies transferred

for testing
Colonies with
recombinant
plasmids
Agar containing Agar containing
tetracycline ampicillin +
(5 (control) tetracycline

Cells that grow on tetracycline but not on tetracycline +
ampicillin contain recombinant plasmids with disrupted
ampicillin resistance, hence the foreign DNA. Cells with pBR322
without foreign DNA retain ampicillin resistance and grow on
both plates.

Figure 9-4 part 2
Lefhninger Principles of Biochemistry, Fifth Edition
€ 2008 W, H. Freeman and Company



restriction
endonuclease
Filler DNA (not needed
for packaging) —

::55::;::-‘:_::13

/ DNA ligase
%f&ign DNA

Lack essential DNA
fragments and/or are too small

Recombinant DNAs to be packaged

in vitro
packagmg

A bacteriophage
%/cnntaining foreign DNA

Figure 9-5

Lehninger Principles of Biochemistry, Fifth Edition

«sunrenBaeteriophage cloning vectors



Cloning sites (include lacZ)

3L, R
F plasmid # gac ™
par genes Hvector /|

~=—ori

restriction \

endonuclease Large foreign DNA

fragment with appropriate

Qsti: ends
DNA
ligase

—

BAC

electroporation l

selection of Agar containing
chloramphenicol- chloramphenicol
resistant cells and substrate for
p-galactosidase

Colonies with recombinant
BACs are white.

Figure 9-6
Lehininger Principles of Biachemistry, Fifth Edition
& 20086 W, H. Freerman and Company

Bacterial artificial chromosomes (BACs) as cloning
vectors



Agar plate with
transformed
bacterial colonies

Press nitrocellulose paper onto
the agar plate. Some cells from
each colony stick to the paper.

Nitrocellulose paper

Treat with alkali to disrupt
cells and expose denatured
DNA.

DMA bound to paper

3
Radiolabeled DNA probe
Vlmuhﬂ. the paper with the
radiclabeled probe, then wash,
Probe annealed to
colonies of interest
.r\'f T
- n
Expose ; " - :
x-ray film ;
to paper. 7
Figure 9-8 ’

Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W, H. Freernan and Company

Use of hybridization to identify a clone with a particular
DNA segment



Agar plate with
/ \ transformed
bacterial colonies

Press nitrocellulose paper onto
the agar plate. Some cells from
each colony stick to the paper.

Nitrocellulose paper

Treat with alkali to disrupt

cells and expose denatured
DNA.

DNA bound to paper

Figure 9-8 part 1
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DNA bound to paper

Hg
Radiolabeled DNA probe

Incubate the paper with the
radiolabeled probe, then wash.

Probe annealed to
colonies of interest

« A
Expose |' " - .
x-ray film ” ,.'
to paper. % !

Figure 9-8 part 2
Lehninger Principles of Biochemistry, Fifth Edition
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Bacterial promoter (P)
and operator (O)
sequences

Polylinker with
unique sites for
several restriction
endonucleases
(i.e., cloning sites)

Gene encoding
repressor that

binds O and
regulates P

Transcription
termination
sequence

Ribosome
binding

Selectable genetic
marker (e.g., antibiotic

resistance)

Figure 9-10
Lehninger Principles of Biochemisiry, Fifth Edition

DNA sequences in atypical E. coli expression vector



| eeee——
Gene for target protein

| 2 2020200 =
Gene for G5T

Transcription

Gene far fusion protein

l

@€ E fusi
XPress rusion
| 25 protein in a cell.

fusion protein as part of the
_ «cell protein mixture,
>
7

l Prepare cell extract containing

ey = — =
.y | Glutathione
Add protein % J anchored to i "
mixture m:.r.llum i
to column. ¢ binds ——§ |
v ! GSTtag. @29
&P omer |07
S proteins | @
flow '
3> & through
‘T column
0
'\._.-..ié._ =
o

Elute fusion protein.
Figure 9-12b
Lehninger Principles of Biochemisiry, Fifth Edition

The use of tagged proteinstn-protein purification



-
Gene for target protein

I
Gene for GST

Transcriptiun}
I

Gene for fusion protein

!

O
J ee
@<
O~E

Prepare cell extract containing
fusion protein as part of the
cell protein mixture.

Express fusion
proteinin a cell.

Figure 9-12b part 1
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| Glutathione

" anchored to (g
Y\ medium | |
binds

GST tag.

Add protein
mixture

to column. . A

through
column.

Elute fusion protein.

Figure 9-12b part 2
Lehninger Principles of Biachemistry, Fifth Edition
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Tag protein/ Molecularmass  Immobilized
peptide (kDa) ligand
Protein A 59 Fc portion of IgG
(His), 0.8 Ni2+
Glutathione-§- 26 Glutathione
transferase (GST)
Maltose-binding 41 Maltose
protein
B-Galactosidase 116 p-Aminophenyl--
p-thiogalactoside
(TPEG)
Chitin-binding 5.7 Chitin

domain

Table 9-3
Lehninger Principles of Biochemistry, Fifth Edition
€ 2008 'W. H. Freernan and Company



e . | Glutathione
v-Glu-Cys-Gly (GSH)

Glutathione-S-transferase (GST)

Figure 9-12a
Lehininger Principles of Biochemistry, Fifth Edition
& 2008 W.H. Freeman and Company



mRNA
5' ARARARAA|

annealed to a synthetic
oligonudlectide (oligo dT) primer.
5 AAAAAAAA|
3| TTTTTTTT)|

J' Reverse transcriptase and

J' mRNA template is

dNTPs yield a complementary
DNA strand.
mRNA-DNA hybrid
5! ARAAAAAA|
3 TTTTITTT|
mRNA is degraded
with alkali.
3 TTTTTTTT|
To prime synthesis of a second
strand, an oligonucleotide of
known sequence is often ligated
s ¥ to the 3’ end of the cDNA.
I TTTTTTTT]
DNA polymerase | and dNTPs
extend the primer to yield
double-stranded DNA.
Duplex DNA
s' I AAAAAAAA|
el | TETTYITIT]
Figure 9-14

Lefininger Principles of Biachemistry, Fifth Edition

Constructton of a cDNA library from mRNA



mRNA
5’ AAAAAAAA

mRNA template is
annealed to a synthetic
oligonucleotide (oligo dT) primer.

5 AAAAAAAA
3 e i

Reverse transcriptase and
dNTPs yield a complementary
DNA strand.
mRNA-DNA hybrid
5’ AAAAAAAA
3’ ol i il iy iyl gl a1 i Iy

Figure 9-14 part 1
Lehninger Principles of Biochemistry, Fifth Editian
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mRNA-DNA hybrid

5 AAAAAAAA

3 A 5 il e iyl b il
mRNA is degraded
with alkali.

3’ A o il il B s
To prime synthesis of a second

5!

strand, an oligonucleotide of
known sequence is often ligated
to the 3’ end of the cDNA.

=
g

TELTTLITL
DNA polymerase | and dNTPs
extend the primer to yield
double-stranded DNA.
Duplex DNA
s' I AAAAAAAA
d TTTITTTT

Figure 9-14 part 2

Lehninger Principles of Biochemistry, Fifth Edition

€ 2008'W. H. Freeman and Company



Region of target DNA to be amplified

|1

{(T)Heat to separate strands.
| (@ Add synthetic oligonucleotide primers; cool.

|

Add thermostable DNApolymerase to catalyze
5§ —= 3’ DNA synthesis.

‘

(1]

l Repeat steps(1)and(2).

Lt

Nl

5]

DNA synthesis [step(3) ) is catalyzed by the
thermaostable DNA polymerase (still present).

M ——— ]

|

s

l Repeat steps(T)through(3).

w

L]

H\N M

After 25 cycles, the target sequence has

been amplified about 10°-fold. . .
Figure 9-16a
Figue9-16a  emenrmcadOlYMeErase chain reaction
& 2008 W. H.Freeman and Company



Region of target DNA to be amplified

31 |
5f| |
(1) Heat to separate
strands.
(@ Add synthetic oligo-
y g
nucleotide primers; cool.
3L 1 ]
5‘ r
5 ﬂs -
(3)Add thermostable DNA
polymerase to catalyze
5’ — 3’ DNA synthesis.
370
5!’
[ ] 5
5'L =——————— 1
Repeat steps(1D)and(2).
3't F ]
e — .
[ -
0o+
5L —_— l

Figure 9-16a part 1
Lehninger Principles of Biachemistry, Fifth Edition
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3F

!| |!
0

s—— g
DNA synthesis (step(3))
is catalyzed by the
thermostable DNA
polymerase (still present).

3F

i I

i

+h

5 !
Figure 9-16a part 2
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3't e |
e
)
| ——

I e |
(|
5t 0
Repeat steps(1)
through(®).

3't e
)
[ ——————————
1
|
| —
[

I | —————
(———————————]
)
| o ——|

[  ——
CEEe———

5k ———

After 25 cycles, the target sequence has

been amplified about 10%-fold.

Figure 9-16a part 3
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(1) Heat to separate , (2) Anneal primers containing
strands. noncomplementary regions
with cleavage site for
restriction endonuclease.

(5'JGAATTC e m,CTTMG{ ¥)
l Replication
; P
(5')GAATTC CTTAAG(S')
I:_ﬂ!

b= = A= A= =
u
mn
-]

CTTAAG =e—==—n CTTAAG
{5' JGAATTC c—————— GAATTC(3')

l EcoRl endonuclease

G e CTTAA
AATTC e G

Clone by insertion
at an EcoRl site
in a cloning vector.

Figure 9-16b
Lehninger Principles of Biochemistry, Fifth Edition
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(1) Heat to separate , (2) Anneal primers containing
strands. noncomplementary regions
with cleavage site for
restriction endonuclease.

a

(5')GAATTC” gl IRt

O

l Replication

] /
|3 Janakic ,CTTAAG[S' )

Figure 9-16b part 1
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i * i
(5')GAATTC _CTTAAG(5')

=

G e s .
°
)
v

CTTAAG o CTTAAG
(5')GAATTC = GAATTC(3')

l EcoRl endonuclease

G CTTAA
AATTC e G

Clone by insertion at an EcoRlI

site in a cloning vector.

Figure 9-16b part 2
Lehninger Principles of Biochemistry, Fifth Edition
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NI BRI The Southern blot procedure,
s as applied to RFLP DNA
l Cleave with restriction

endonucleases. fingerprinting

(;;;:J‘ﬂ, ~  DNA fragments

Separate fragments by agarose
gel electrophoresis (unlabeled).

sSad N&S %~ Radiolabeled
e ‘:ﬁpﬁ F Y DNA probe

|

LT R LT TR e ]
LETRTH IR ] U]
RUURTOUN NN URIT WD DTN Y

—
Denature
DNA, and
transfer to
nylon
membrane.

Incubate
with
probe,

Expose

X-ray
film

|

|
=
m
=
(N
L
e

wash. membrane

Box 9-1 figure 1
Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W.H. Freeman and Company



Southern Blotting

DNA + restriction Festrictiun Nitrocellulose Paper

= = = e nmerie e e Gel

—— @ e ey —

.E. it m Sponge
“@/’ /i \J.f’ S —
I

Alkalin
II I solution

@ Restriction fragment preparation @ Electrophoresis € Blotting

Paper blot
peeled off

Film
]
e —Y T Rinse away I \ \ \
o N unattached probe
DNA probe ' \\ 1 \ NN
in solution %%
in plastic bag &]1 — Wb
ﬂl Hybridization with radioactive probe @ Autoradiography

Capyright & Pearson Edueation, Inc., publishing as Benjamin Cummings.



3.0 kb
1.8 kb 0.7 kb
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Repeat length Number of
Locus Chromosome Repeat motif (range)” alleles seen’
CSF1PO 5 TAGA 5-16 20
FGA 4 cTTT 12.2-51.2 80
THO1 11 TCAT 3-14 20
TPOX 2 GAAT 4-16 15
VWA 12 [TCTGIITCTA] 10-25 28
D351358 3 [TCTG][TCTA] 8-21 24
D55818 5 AGAT 7-18 15
D75820 7 GATA 5-16 30
D851179 8 [TCTA][TCTG] 7-20 17
D135317 13 TATC 5-16 17
D165539 16 GATA 5-16 19
D18551 18 AGAA 7-39.2 51
D21511 21 [TCTAITCTG] 12-41.2 82

Amelogenin XY Not applicable

Source: Adapted from Butler, J.M, (2005) Ferensic DNA Typing, 2nd edn, Academic Press, 5an Diego, p. 96.

*Repeat lengths observed in the human population. Partial or imperfect repeats can be included in some alleles.
'Number of different alleles observed to date in the human population. Careful analysis of a locus in many individuals
is a prerequisite to its use in forensic DNA typing.

Box 9-1 table 1
Lehninger Principles of Biochemistry, Fifth Edition
€ 2008'W. H. Freernan and Company



Dye-labeled
PCR primer e Locus D75820
3!‘
5!
@
y E - Allele 1 "
N :———— == i et ! |

5!'
Allele 2 -
STR sequences

PCR ampliﬁ:atinnl

Run PCR fragments
on a capillary gel

¥’

Scan of PCR product bands
derived from locus D75820

Box 9-1 figure 2a
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H Freernan and Company PCR analysis of an STR locus



PCR analysis of an STR locus

Box 9-1 figure 2b
Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W.H. Freeman and Company
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PCR fragments run on a capillary gel
105 bp 1?5 bp 245 bp 315bp 385 bp
16-plex




The Human
Genome Project
strategy

Genomic DNA

DNA is digested into fragments;
fragments inserted into BACs.

eHCY)

Cantigs are identified
and mapped.

is fragmented; fragments

sequenced at random.
L

‘L BAC to be sequenced

it gy
Sequence overlaps
reveal final sequence.

GGGCTACATGAT
CATGATGGTC

y

GGGCTACATGATGGTC
Figure 9-17
Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W. H. Freerman and Company



R .

Francis S. oIIins J.Craig Venter

Unnumbered 9 p322
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Genomic sequencing timeline

S. cerevisiage C. elegans H. sapiens M. musculus P troglodytes
(budding yeast) (nematode worm) (human, draft) (mouse) {chimpanzee)
1990 1995 2000 2005 2007
| | 1 L ] I ] L | | L ] I |
T T I T —
Genome H. influenzae E. coli D, melanogaster R. norvegicus T. vaginalis
::t:l: :dng (bacterium) (bacterium) (fruit fly) H. sapiens (rat) (protist)
A. thaliana (human, completed) S. purpuratus
(plant) B siathiris (sea urchin)
S.pombe (rice) A. mellifera
{fission yeast) (honeybee)
Figure 9-18

Lehninger Principles of Biochemistry, Fifth Edition
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DNA microarray

Isolate mANASs from cells

at two stages of development;

each mRNA sample represents

all the genes expressed in

the cells at that stage,
pres!
3

%&?‘_ h\_, mRNA

Convert mRNAs to cDNAs

by reverse transcriptase, reverse
transcriptase

using fluorescently labeled
decuyribonucleotide

triphosphates.

Add the cDNAs to a
microarray; fluorescent
cDNAs anneal to

complementary sequences
on the microarray.

Removal of
unhybridized probe

Each fluorescent spat
represents a gene expressed
in the cells.

Figure 9-22
Lehninger Principles of Biachemistry, Fifth Edition
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Isolate mRNAs from cells

at two stages of development;
each mRNA sample represents
all the genes expressed in

the cells at that stage.

’3’@ & ,_ mRNA

Convert mRNAs to cDNAs
by reverse transcriptase, reverse
using fluorescently labeled transcriptase
deoxyribonucleotide
triphosphates.
AN e
et LR
R pss) <DNA
B A
Add the cDNAs to a ,ll.:::: ::::
microarray; fluorescent | ::: . .===
¢DNAs anneal to ﬂll""""‘
complementary sequences 000000000
on the microarray. ||| 00000000
00000000 ®
leeccoo000

| 000000000
DNA microarray

Figure 9-22 part 1
Lehninger Principles of Biochemistry, Fifth Edition
& 2008 W.H. Freernan and Company



000¢
> 0000
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0000
0000
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&

DNA m

icroarray
Removal of
unhybridized probe

Each fluorescent spot

represents a gene expressed
in the cells.

Figure 9-22 part 2
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Figure 9-23
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vir genes

7 25 bprepeats
T DNA

\

X Ti plasmid

Figure 9-26a
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Wounded plant
cell produces
acetosyringone. > o VD

Agrobacterium cell

A : . Plant cell synthesizes
cetosyringone & auxins, cytokinins,
\ activatesvirgenes. ~ o oinec: tumor 4 c

Copyof TDNAis  forms.
a‘ transferred and
_ integrated into a
\p.hnt chromosome

Plant cell
nucleus

Figure 9-26b
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:’:. .‘_l‘l'\'.-
.':.h: klﬂ:

= t «Agrobacterium cell
I\
t.)\ (a)
. Tiplasmid without

:%@‘ “‘m, TDNA (b)
7 Recombinant plasmid
) with foreign gene and
\\ kanamycin-resistance
gene between T DNA
25 bp repeats
25 bp repeats

Kanamycin resistance
Foreign gene
Bacteria invade at wound
sites (where leaf is cut).

A~

Leaf segments are

v transferred to agar dish,

m -‘— Agar plate with growth

hormones and kanamycin
Plants are regenerated
from leaf segments, _
\ 4 .

These kanamycin-
resistant plants

P . contain the foreign gene,

= y

Figure 9-28
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A tobacco plant expressing
the gene for firefly luciferase

Figure 9-29
Lehninger Principles of Biochemistry, Fifth Edition
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Figure 9-30
Lehininger Principles of Biochemistry, Fifth Edition
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Tomato plants engineered to
be resistant to insect larvae



Glyphosate-resistant
soybean plants

"0—P—CH;—NH —CH,—C00"

o-
Glyphosate

(b)

Figure 9-31
Lehninger Principles of Biochemistry, Fifth Edition
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Figure 9-33
Lefininger Principles of Riochemistry, Fifth Edition
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Genes for several variants of green fluorescent protein
have been introduced into different strains of zebrafish
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A “clone” Is a copy of something.
Computers that mimic IBMs are called “clones.”

In genetics, a clone is a genetic.copy of another
organism.

Clones occur naturally:

— Asexual breeding in plants & lower animals
— ldentical twins (triplets) in higher animals



Fertilization vs. Cloning (sematic cell nuclear transfer)
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Cloning since Dolly

Cloning of thissort has now been
done on cattle, pigsand mice

also. Guar: [ {§is
The success rate has improved?'®S 1158
considerably.




Product category Examples/uses

Anticoagulants Tissue plasminogen activator (TPA); activates plasmin, an enzyme involved in dissolving
clots; effective in treating heart attack patients.

Blood factors Factor VIIl; promotes clotting; it is deficient in hemaophiliacs; treatment with factor VIl
produced by recombinant DNA technology eliminates infection risks associated with
blood transfusions.

Colony-stimulating factors Immune system growth factors that stimulate leukocyte production; treatment of
immune deficiencies and infections.

Erythropoietin Stimulates erythrocyte production; treatment of anemia in patients with kidney disease.

Growth factors Stimulate differentiation and growth of various cell types; promote wound healing.

Human growth hormone Treatment of dwarfism.

Human insulin Treatment of diabetes.

Interferons Interfere with viral reproduction; used to treat some cancers.

Interleukins Activate and stimulate different classes of leukocytes; possible uses in treatment of
wounds, HIV infection, cancer, and immune deficiencies.

Monoclonal antibodies Extraordinary binding specificity is used in: diagnostic tests; targeted transport of
drugs, toxins, or radioactive compounds to tumors as a cancer therapy; many other
applications.

Superoxide dismutase Prevents tissue damage from reactive oxygen species when tissues briefly deprived of
0, during surgery suddenly have blood flow restored.

Vaccines Proteins derived from viral coats are as effective in “priming” an immune system as is
the killed virus more traditionally used for vaccines, and are safer; first developed was
the vaccine for hepatitis B.
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