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DNA sample Plasmids

i - 85 WY

with the same restriction
endonuclease,
| -

iﬁFragments and plasmids
are mixed and spliced J S Ot 5
with DMA ligase. \_) = ,) ( )

A mixture of plasmids, all O
with different fragments
| Inserted, results, O o

Bacteria take up the
plasmids and are grown
in 2 nutrient medium
that selects far recom-
binant clones.
Culture of
bacteria

Colonies containing clones of
each fragment of the original
DA are separated and
maintained as a pure culture.
Each such culture is a “volume”

| 2566

Individual recombinant clones

167 Constructing a Gene Library Human chromosomes are bro-
tenup into fragments of DNA using restriction enzymes. The frag-
ments are inserted into vectors (plasmids are shown here) and taken
#by host bacterial cells, each of which then harbors a single frag-
ment of the human DNA. The information in the resulting bacterial
Eures and sets of colonies constitutes a gene library.
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A gel is made up of agarose polymer
suspended in a buffer. It sitsin a
chamber between two electrodes.

Depressions in the gel {wells)
are filled with DNA solutions.

—

]

e —

)-- Buffer solution

DNA
lﬁnl ution

Ensymes
Enzyme 1 Enzyme 2 1+2
r"“\-D-f A E D
e~ —a—'2
e
Restriction Restriction enzyme If both
enzyme 1 cuts 2 cuts the DNA restriction

the DNA once, once, at a different enzymes are
resulting in restriction used, twio cuts
fragments & sequence, are made in |
anct: - theDNA ‘ \fFh 16.2 Separating Fragments of
: (F¥/) DNA by Gel Electrophoresis
|/ Amixture of DNA fragments is
(= 1 2 1 i 2 e placed in a gel ahnd an electric
] i 2 s applied across the gel. The neg-
E:dh:;mfc:eo':e\l% | | (o - . | ahely charged DNA moves toward
well In the gel. T tie positive end of the field, with
ol B ‘maller molecules moving faster than
= “wperones. When the electric power is
E Hut off, the now separated fragments
1 be analyzed.
i =
/ 9] {J J

@ Zo

As fragments of DNA move toward
the positive electrode, shorter
fragments move faster {(and therefore
farther) than longer fragments. J
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tamDiata S strand Figure 5-2The DNA double helix
) ; acts as a template for its own
duplication. Because the nudeaﬂdﬁg

will successfully pair only with T, and (
only with C, each strand of DNA can
serve as a template to specify the
sequence of nucleotides in its
complementary strand by DNA base-
pairing. In this way, a double-helical
molecule can be copied precisely.

S strand

S strand
parent DNA double helix

ternplata strand
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FIGURE 5.16 Diagram of
semiconservative replication.
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FIGURE 14.14

How nucleotides are added in DNA replication. DNA polymerase 11, along with other enzymes, catalyzes the addition of nucleotides
to the growing complementary strand of DNA. When a nucleotide is added, two of its phosphates are lost as pyrophosphate,
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FIGURE 14.13

Origins of replication, At 1 site called the replication origin, the
DINA duplex opens to create two separate strands, each of which

can be used as a template for a new strand. Eukaryotic DNA has

multiple origins of replication.
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Figure 11.6  Structure of OriC, the single origin of repli-
cation in the E. coli chromosome.

keshat 1y #le J'};f?aiffc-;wce Far
I é:ﬁozfnderlf? 7

- - ,
TAar Re Plre < &n ’CA roAssorses ”
ge /‘f‘_g’ I

@



Vécyonrs srns AEEvEy 7O /(c"i'(/f:"dff' /
L CENES AP SPE<IEE &S

Tetracycline @ OGR! /5 A Spe<; ¥
resistance Je
J “ence

@ OR/S 15 CGemaowe x
dﬂ;‘”’r‘” f}dc‘a‘/lé

Ampicillin
resistance

@ OaA /?fd;gnﬁarer AR <
P/ FiC Far facd Drp Anisny

Origin of
replication .- Ao ol Corrme e z“ or, 7o

-

Plasmid pBR322 repl s cate JENC in a4 Tpecsde

‘7/‘; duar;r ‘/

V2ad Bacter,ad a7y # <lene Aunmav 3. 2
NYele —> 4—&:_54:&.., A/-c.z..-r_’ A Lo aor," % Ipls cafle

}Z/ LEs sn HFhe Tertcence = Eoned on

-
* -

y“c%"‘ﬁ" A fe é-a/fﬂbeoa‘- <_£/
ORA 'y <Aw p& <CLonrbs) Tyatfers J.LL(/

n



ThAere ARE rACE Thper s Le<Fors
Al Repa,me Aw 3R?

I
i
C

Trmnstor
I, ol patls wiral portiches A ra peiriees I cod nets
= :
O é—
I
———

Making a Genomlc Library

/3a



he /a"‘i,"/v'aa.rc Thain RErctron ox A <K
/T A Moldece AR

- l )( ﬁ:ﬂk /'f-l-céa'n'{.

Figure 13-2 PCR is a simple, powerful tech- =
nique for multiplying specific sequences of DNA, F

A. When DNA is heated, the two strands unceil.

They are then cooled and replicated, The eycle of

heating, coaling, replicating, and then heating again

is repeated until millions or billions of copies of the =
sequence are obtained. B. Short segments of single-

stranded DNA called aliganucleatides act as primers

and allow researchers to replicate a particular se-

Quence, not just any DMA. The 20 or sa bases of the 4 —
oligonuclectide pair with the carrect segment of the
DMA and initiate replicatian.
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Fig. 7.8. Visualisation of PCR products of ornithine decarboxylase on an agarose
gel. Lane 1 — negative control (no DNA); lane 2 - positive control (cloned ornithine
decarboxylase fragment, 460 bp); lane 3 — PCR size markers: lanes 4 and 5 —PCR
product using rat liver genomic DNA and the ornithine decarboxylase primers used in
lane 2. Lane 4 shown product after 15 cycles, lane 5 after 30 cycles of PCR
Photograph courtesy of Dr F. McKenzie
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11.21 The Polymerase Chain Reaction
The steps in this cyclic process are repeated many times to produce multiple copies
of a DNA sequence,
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Dominant/  Frequency among

Disorder Symptom Defect Recessive  Human Births
:Eysl:rc fibrosis Mucus clogs lungs, liver, Failure of chloride ion Recessive 142500
L and pancreas transport mechanism (Caucasians)
Poor blood circuladon Abnormal hemoglobin Recessive 1/625
molecules (African Americans)
Deterioration of central Defective enzyme Recessive 1/3500
nervous system in infancy (hexosaminidase A) {Ashkenazi Jews)
Brain fails to develop in Defective enzyme Recessive 1/12,000
infan (phenylalanine h
(Blood fails to clot) (ﬁ' tive blood clotting factor ) Sex-linked  1/10,000
VIII Tecessive (Caucasian males)
Brain tissue gradually Production of an inhibitor of Dominant 1/24,000
deteriorates in middle age brain cell metabolism
Muscles waste away Degradation of myelin coating Sex-linked 1/3700
of nerves stimulating muscles recessive (males)
Excessive cholesterol levels Abnormal form of cholesteral Dominant 1/500
in blood, leading to heart cell surface receptor
disease
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This gel shows the RFLP patterns of
the members of this family.

17.7 RFLP Mapping Restriction fragment length poly-
maorphisms are differences in DNA sequences that serve as
genetic markers, Thousands of such markers have been
described for the human genome,
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FIGURE 13.1 An overview of the concept of the flow of ge-
netic information encoded in DNA to messenger RNA to protein.
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(a) Parental DNA
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(b) Normal progeny DNA (c) Mutant progeny DNA
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(@) Normal mRNA (e) Mutanf mRNA
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i Translation ¢
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Figure 3-5. A Point Mutation Changes the Sequence of Amino Acids
in a Protein. DNA replication is very accurate, so the nucleotide se-
quence in the progeny DNA (b) is usually identical to that of normal
parental DNA (a). Occasionally an error is made. In this example, a par-
ticular A - T base pair in parental DNA changes to a T - A pair in the
mutant, progeny DNA (c). During transcription, the information in DNA
is converted into messenger RNA. The mutation in DNA results in a
conversion of particular GAG codon in normal messenger RNA (d) into
a GUG codon in mutant messenger RNA (e). During translation of the
information into protein, GAG codes for the amino acid glutamic acid
(Glu) (f}, while GUG codes for valine (Val) (g) (see Figure 2-6). The two
amino acids have very different chemical properties, Since the struc-
ture of the resulting protein is determined by the precise order of the
amino acids, the mutant protein will differ significantly from the nor-
mal protein. The differences between the normal and mutant mole-
cules shown are identical to those found between healthy people and
patients suffering from sickle-cell disease.
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123 From Gene to Protein  This diagram summarizes the process-
'.;"':':- gene expression in prokaryotes, In eukaryotes, the processes are
samewhat more complex.
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Figure 37 Functional categories in eukaryotic proteomes. The classification categories
| were derived from functional classification systems, including the top-level biclogical
function calegory of the Gene Ontology project (GO: see hitp://www.geneontology.org).
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Figure 3.4 Decoding a messenger RNA sequence into a polypeptide.
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A FIGURE 2-14 Common structure of nucleotides. Df T d/ AR of N
lal Adenosine 5 “monophosphate (AMP], a nucleotide present H H H
in RNA. By convention, the carbon atoms of the pentose sugar i -
in nucleotides are numbered with primes. In natural nucleotides, @ ymiris £T) Gymaina |€)

the 1" carbon is joined by a @ linkage to the base (in this case
adenine); both the base (blue) and the phosphate on the 5°
fmydroxyl {red} extend above the plane of the furanose ring.
{b) Ribose and deoxyribose, the pentoses in RNA and DNA,
raspectively.

A FIGURE 2-15 Chemical structures of the principal bases
in nucleic acids. In nucleic acids and nucleotides, nitrogen 9 of
purines and nitrogen 1 of pyrimidines (red) are bonded to the

1" carbon of ribose or deoxyribose. U is only in BNA, and T is
only in DNA. Both RNA and DNA contain &, G, and C.
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Function Class of Protein Examples Use
Metabolism (Caralysis) Hydrolytic enzymes Cleave polysaccharides
Proteases Break down proteins
oo G g - Polymerases Produce nucleic acids
Etinee~ Kinases Phosphorylare sugars and
proteins
Defense Immunoglobulins Antibodies Mark foreign proteins for
eliminadon
Toxins Snake venom Block nerve function
Cell recognition Cell surface antigens MHC proteins “Self” recognition
Transport throughout body Hemoglobin Carries O; and CO; in blood
_ Myoglobin Carries O, and CO; in muscle
Cytochromes Electron transport
Membrane transport ‘Transporters Sodium-potassium pump Excitable membranes
Proton pump Chemiosmosis
Anion channels Transport Cl- ions
Structure/Support @ Collagen Cartilage
Keratin Hair, nails
Fibrin Blood clot
Motion Muscle Actin Contraction of muscle fibers
Myosin Contraction of muscle fibers
Osmotic regulation Albumin Serum albumin Maintains osmotic concentration
: | I ﬂco;u{nﬁ- J':-.a.ﬁ.-,g”‘f of blood | o
 Regulation of gene action }" Repressors lac repressor Regulates rranscription
Regulation o [y functions Hormones Insulin Controls blood glucose levels
Vasopressin Increases water retention by
kidneys
Oxytocin Regulates uterine contractions
and milk production
Storape Ion binding Ferritin Stores iron, especially in spleen
Casein Stores 1ons in milk
Calmodulin Binds caleium ions
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Figure 2.17 A portion of the primary structure of the f-globin polypeptide
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acid thal s altered in the fl-globin polypeptide in sickle-cell disease.
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igure 3-24 A collection of protein molecules, shown at the same scale. For comparison, a DA molecule bound to a protein is also
ustraced These space-filling models represent a range of sizes and shapes. Hemoglubin, catalase. porin. alcohol dehydrogenase. and aspartate
anscarbameylase are formed from multiple copies of subunits. The SH2 domain (1o feft} is presented in detail in Panel 3-2 (pp- 138-139). (Afer
id 5. Goodsell, Our Molecular Nature. New York: Springer-Verlag, | 996.) =
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The sequences shown here are for the DNA nontem-
plate strand (equivalent to the RNA transcript, but
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sensus sequences at the exon—intron junctions. For nu-
clear genes, the consensus junctions are

exon intron 0N
. B R A
R4 b d

AuGraGronTio0AesAesGraTazes 6Py 747N CosAranGron N

[

— ——

j}tcf‘éi:: fﬁ/b“{ff I(qu,“'-/&‘e

Rd 550,81 /7

ZU/')"-"’} A‘ﬂm_r ra 71'(c'fe fegzbf—ﬁcef bre.

Matated 1. a Cona; P

<



RAA Jp (/c;;é/ bt /&ﬂd#uﬁ/ AVrn - ("’"‘43}
%am:e.r P form /g'/at,a? ?Awra-,,aﬁ o
CM-?E?, Alup oFan o mA LA

=
//.—-—' e )

AN

l Frmedrtating Tantef Start Splice sites
'romoter codon e - Stop codon Terminator
WY RN . -
S ' 4 :
o T
miNA A
i /f-fd' 4” : Exon 1 Exon 2 Intron 2 Exon 3:
= : Intron | I
Translation | The exons and introns of the co
| : .
! 1—_—k region are transcribed.
I T
i I
Peahein .55 Pre-mRNA 5 [ ] 5 .
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14.4 The Structure and Transcription of a Eukaryotic Gene  The

[i-globin gene is about 1,600 bp long.The exons-—the protein-coding % e d The spliced exons are
sequences-—contain 441 base pairs (triplet codons for 146 amino mRNA [ —— ready for translation,
acids plus a triplet stop codon). The introns—noncoding sequences kg

of DNA—between codons 30 and 31 {130 bp long) and 104 and 105
‘850 bp long), are initially transcribed, but are spliced out of the initial
NRNA transcript.
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420 Alternative Splicing Results in Different mRNAs and J a;‘fal . ﬂﬂ#‘l‘" /
foteins  In mammals, the protein tropomyosin is encoded by a ;
Ene that has 11 exons. Tropomyosin pre-mRNA is spliced differently

ndifferent tissues, resulting in five different forms of the protein,
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L e m— m— Figure 7-19 Summary of the steps lead-

ADD 5' CAP AND ; ing from gene to protein. The final level of
RMA cap ; POLYIA] TAIL Lot a protein in the cell depends on the effi-
ABAR : ciency of each step and on the rates of
! degradation of the RNA and protein mole-
cules, (A) In eucaryotic cells, the initial
RNA molecule produced by transcription
(the primary transcript) contains both
intron and exon sequences, [t two ends
are modified, and the introns are removed
by an enzymatically catalyzed RNA splic-
ing reaction. The resulting mRNA is then
wransported from the nucleus to the cyto-
plasm, where it is translated into protein.
Although these steps are depicted as
pecurring one at a time, in a sequence, in
3 reality they often occur simultaneously.
Eor example, the RNA cap is rypically
added and splicing typically begins
before the primary transcript has been
completed, (B) In procaryotes, the pro-
duction of mRNA molecules is simpler.
The 5 end of an mRNA molecule is pro-
duced by the initiation of transcription
by RNA polymerase, and the Fendis
produced by the termination of transcrip-
tion, Since procaryotic cells lack a nucleus,
transcription and translation take place in
a common compartment. In fact, transla-
i tion of a bacterial mRNA often begins
= J.-r '5-7('; J before its synthesis has been completed.
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FIGURE 24-5

Plants as bioreacrors to produce antibodics. Cloned cDNAs ﬁ e &r A by 7
encoding the light and heavy chains from a mouse mono- -

clonal antibody were ligated into separate T-DNA vectors J‘.tﬁt Pracerry
and placed under control of a constitutive CaMV promoter. 4 gw’ -

The plasmids were transferred separately into tobacco f

plants by Agrobacrerium infection. Transgenic plants contain- T e de, "

ing the light- and heavy-chain genes were sexually crossed Ve

o pmdu:_:. progeny plants thar contained both genes. Exami- /’ "U¥J‘

nation of pmtun exrracred from leaves demonstrated =
the expression of functional antibody molecules in these "97?/4 Jr fr g
progeny plants. Other cxperiments showed thar the Y
presence of a signal sequence was necessary for high-level
expression. These resules suggest that the plant secretion
machinery can recognize the mouse signal pepride.
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