/9274

CQ /5 /00514 NOII//A.. Gue TQ'/Q;/
Z' Sadtaud EXP Cr 178 —

14-2 (a) Encapsulated and (b) nonencap-
sulated forms of preumococci. The cap-
sule is made up of polysaccharides
deposited outside the cell wall. The encap-
sulated form, which is resistant to phago-
cytosis by white blood cells, produces
preunonia; the mutant, nonencapsulated
form is barmless.
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Cell type Effect Cell type Effect
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Smooth (S) Rough (R) Live R
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. . Quasiend
223300 Tumshire/

Heat-lerlled

Effect
Virutené

Heat-killed
S strain

(d)

A
Live R strain \ Effect

Live S and R strains
isolated from dead
mouse

ha g

Figure 2.2 Griffith's transformation experiments. (a) Virulent strain S S. pneumoniae bacteria kill their host; (b) avirulent strain R bacteria cannot
infect successfully, so the mouse survives; (c) strain S bacteria that are heat-killed can no longer infect; (d) a mixture of strain R and heat-kilied
strain S bacteria kills the mouse. The killed virulent (S) bacteria have transformed the avirulent (R) bacteria to virulent (S).
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LARGCE MOLECLLES /1 ALl

Macromolecule Subunit Function Example
ROTEINS
Globular Amino acids Catalysis; transport Hemoglobir
Structural Amino acids Support Hair; silk
@UCLEIC ACIDS)
DNA Nucleotides Encodes genes Chromosomes
RNA . Nucleotides Needed for gene expression Messenger RNA
Lems)
Fats Glycerol and three fatty acids Energy storage Butter; corn oil; soap
Phospholipids Glycerol, two fatty acids, Cell membranes Lecithin
phosphate, and polar R groups
Prostaglandins Five-carbon rings with two Chemical messengers Prostaglandin E (PGE)
nonpolar tails
Steroids Four fused carbon rings Membranes; hormones Cholesterol; estrogen
Terpenes Long carbon chains Pigments; structural Carotene; rubber
L« @HYDRATFS )
Starch, glycogen Glucose Energy storage Potatoes
Cellulose Glucose Cell walls Paper; strings of celery
Chitin Modified glucose Crab shells :

Structural support
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The demonstration that DNA is the transforming principle
was the first demonstration that genes are composed of
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Figure 8-2 Demonstration that DNA is the transforming agent.
DNA is the only agent that produces smooth (S) colonies when added
to live rough (R) cells.
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Yie

smooth pathogenic bacterium

causes pr eumaonia

/
1 RANDOM muTATIONT 29"

rough nonpathogenic

Rstrain o tant bacterium

00
O
live R strain cells grown in
presence of either heat-killed
S strain cells or cell-free
extract of S strain cells

TRANSFORMATION

Some R strain cells are
‘ g transformed to S strain
. cells, whose daughters

are pathogenic and

train ;
o cause pneumonia

CONCLUSION: Malecules that can
carry heritable information are
present in S strain cells.

(A)

D4 s

G RIFFITH

S strain cells

8% 4iony

fractionation of cell-free
extract into classes of
purified molecules

Vol T

RNA protein DNA lipid carbohydrate

molecules tested for transfarmation of R strain cells

c© %% @e® O o°
R R S R R
strain strain strain strain strain

CONCLUSION: The molecule that
carries the heritable information
is DNA.

{B)

Genedc Na fersal

Figure 4-2 Experimental
demonstration that DNA is the
genetic material. These experiments,
carried out in the 1940s, showed that
adding purified DNA to a bacterium
changed its properties and that this
change was faithfully passed on to
subsequent generations. Two closely
related strains of the bacterium
Streptococcus pneumoniae differ from each
other in both their appearance under the
microscope and their pathogenicity. One
strain appears smooth (S) and causes
death when injected into mice, and the
other appears rough (R) and is nonlethal.
(A) This experiment shows that a
substance present in the S strain can
change (or transform) the R strain into
the S strain and that this change is
inherited by subsequent generations of
bacteria. (B) This experiment, in which the
R strain has been incubated with various
classes of biological molecules obtained
from the S strain, identifies the substance
as DNA.
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Figure 20-3 Micreorganisms that normally inhabit the human body. All of the microorgan-
isms listed here live—usually harmoniously—on the surfaces and in the interiors of human bod-
ies. Candida albicans, commonly known as yeast, is a fungus that lives on the skin and in the
mouth and vagina. Candida is, of course, a cukaryote, not a prokaryote. (Erich Lessing/Art Resource)
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Streptococei EYE Staphylococei
Staphylococci Streptococei

Veillonella spp.
Fusobacterium spp.
Treponema spp.
Bacteroides spp.
Neisseria spp.
Branhamella catarrhalis
Streptococeus pneumoniae
B-hemolytic streprococei
Candida spp. (yeast)
Hacmophilus spp. -
Diphtheroids
Actinomyces spp.
Eikenella corredens
Staphylococcus aurcus
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Mycobacterium spp.
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Fusobacterium spp.
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Lactobacillus spp.
Peptostreptococeus spp.
Diphtheroids.
Streptococei (various)
Clostridium spp.
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Candida spp. (yeast)
Gardnerella vaginalis
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cell membrane
polymixins

DNA gyrase quinolones

tell wall synthesis — RNA polymerase rifampin

vancomycin
penicillins
cephalosporins

protein synthesis, 30S inhibitors

tetracycline
streptomycin

protein synthesis, 50S inhibitors
erythromycin
chloramphenicol

trimethoprim
sulfonamides

Figure 25-8 Antibiotic targets.
Despite the large number of antibiotics
available, they have a narrow range of
targets, which are highlighted in yeflow.

A few representative antibiotics in each
class are listed. All antibiotics used to treat
human infections fall into one of these
categories. The vast majority inhibit either
bacterial protein synthesis or bacterial cell
wall synthesis.

B. BACTERIA RESIST THE EFFECTS OF ANTIBIOTICS BY:

A. ANTIBIOTICS KILL BACTERIA IN A VARIETY OF WAYS

Making enzymes that

By inhibiting gene -~ inactivate antibiotics
expression o f(w T o€ outside and inside
= 5 the cell
By disrupting
the proper e, By blocking the
coiling of DNA 3% synthesis of
A proteins
|
By inhibiting the /

production of ATP

By targeting antibiotic

'By preventing the lormation

Altering the shape

of the target molecule
so that it functions
despite the presence
of antibiotic

Pumping antibiotics
out of the cell

of the cell wall

Figure 20-5 How does it work? A. Every antibiotic has a dis-
tinctive way of preventing bacteria from reproducing. B. Bacteria
have different ways of resisting the effects of antibiotics.

Ant‘/f/oéc' /eef/f“/mc.'c /f. €A601£‘(6%

Gtrte, In XPRa CAraroSer3 &
O <caldl Plagn, 4

&)



7ha Firsr Genetic Engimear,n Ex pariven
Uret AnFrbdiobe RSrirHrice

Fuﬂ with At /u;éc' R ()
Gepa. ﬂd/ﬂ‘

@ Lucte rnl Cetis

R bsthant Pagnd
Avpirsdic Sens ve

AN‘IJZ"A‘ R ahﬂl‘gk
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FIGURE 12.3 The process of transformation.
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What is a Gene?

CCCTGTGGAGCCACACCCTAGGGTTGGCCA
ATCTACTCCCAGGAGCAGGGAGGGCAGGAG

CCAGGGCTGGGCATAAAAGTCAGGGCAGAG [r 7A P j_ J Lodrr
CCATCTATTGCTTACATTTGCTTCTGACAC ” 6‘-’&‘

AACTGTGTTCACTAGCAACTCAARCAGACA —
CCATGGTGCACCTGACTCCTGAGGAGAAGT 6’{ as R .,z . .
CTGCCGTTACTGCCCTGTGGGGCAAGGTGA Q 4 Q Ve tn CdrrveJ

ACGTGGATGAAGTTGGTGGTGAGGCCCTGE Oy

GCAGGTTGGTATCAAGGT TACAAGACAGGT aYc) &n 7o AL Lelds
TTAAGGAGACCAATAGAAACTGGGCATGTG FRapy £
GAGACAGAGAAGACTCTTGGGTTTCTGATA
GGCACTGACTCTCTCTGCCTATTGGTCTAT
TTTCCCACCCTTAGGCTGCTGGTGGTCTAC
CCTTGGACCCAGAGGTTCTTTGAGTCCTTT
GGGGATCTGTCCACTCCTGATGCTGTTATG
GGCAACCCTAAGGTGAAGGCTCATGGCAAG
AARGTGCTCGGTGCCTTTAGTGATGGCCTG
GCTCACCTGGACAACCTCAAGGGCACCTTT 7
GCCACACTGAGTGAGCTGCACTGTGACAAG . .
CTGCACGTGGATCCTGAGAACTICAGGGTG FENe /5 < a\mz&.

Unys —3 €nery,

AGTCTATGGGACCCTTGATGTTTTCTTTCC Seruen R
CCTTCTTTTCTATGGTTAAGTTCATGTCAT 4 ce of Wuclesd Lor
AGGAMGGGGAGAAGTAACAGGGTACAGTTT

AGAATGGGAAACAGACGARTGATTGCATCA Iy . .
GTGTGGAAGTCTCAGGATCGTTTTAGTTIC rRRey /f.ly / A Fune Yo
TTTTATTTGCTGTTCATAACAATTGTTTTC -

TTTTGTTTAATTCTTGCTTTCTTITITTIT
CTTCTCCGCAATTTTTACTATTATACTTAA
TGCCTTAACATTGTGTATAACARARGGARA

TATCTCTGAGATACATTAAGTAACTTARAA J& P aErcs = Lro2 2 47 /

AAARACTTTACACAGTCTGCCTAGTACATT

ACTATTTGGAATATATGTGTGCTTATTTGC

ATATTCATAATCTCCCTACTTTATTTTCTT lodad F r
TTATTTTTAATTGATACATAATCATTATAC - / ¢/f1¢ ence Shovyed
ATATTTATGGGTTAAAGTGTAATGTTTTAA 2/ r
TATGTGTACACATATTGACCAAATCAGGGT '
AATTTTGCATTTGTAATTTTAAAARATGCT

TTCTTCTTTTAATATACTTTITIGITTATC

TTATTTCTAATACTTTCCCTARTCTCTTTC

TTTCAGGGCAATAATGATACARTGTATCAT

GCCTCTTTGCACCATTCTARAGAATAACAG

TGATAATTTCTGGGTTAAGGCAATAGCAAT

ATTTCTGCATATARATATTTCTGCATATAA

ATTGTAACTGATGTAAGAGGTTTCATATTG

CTAATAGCAGCTACAATCCAGCTACCATTC

TGCTTTTATTITATGGTTGGGATAAGGCTG

GATTATTCTGAGTCCAAGCTAGGCCCTTIT

GCTAATCATGTTCATACCTCTTATCTTCCT

CCCACAGCTCCTGGGCAACGTGCTGGTCTG

TGIGCTGGCCCATCACTTTGGCARAGAATT

CACCCCACCAGTGCAGGCTGCCTATCAGAA

AGTGGTGGCTGGTGTGGCTAATGCCCTGRC

CCACAAGTATCACTAAGCTCGCTTTCTTGE

TGTCCAATTTCTATTAAAGGTTCCTTTGTT

CCCTARGTCCAACTACTAAACTGGGGGATA

TTATGAAGGGCCTTGAGCATCTGGATTCTG

CCTAATAAAAAACATTTATTTTCATTGCAA

TGATGTATTTAAATTATTTCTGAATATTTT

ACTAMAAAGGGAATGTGGGAGGTCAGTGCA

TTTAAAACATARAGAAATGATGAGCTGTTC

AAACCTTGGGAAAATACACTATATCTTAAR

CTCCATGARAGAAGGTGAGGCTGCAACCAG

CTAATGCACATTGGCAACAGCCCCTGATGE

CTATGCCTTATTCATCCCTCAGAARAGGAT

TCTTGTAGAGGCTTGATTTGCAGGTTARAG nad 3/

TTTTGCTATGCTGTATTTTACATTACTTAT
G

TGTTTTAGCTGTCCTCATGAATGTCTTTTC 4
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building blocks of DNA DNA strand Figure 4-3 DNA and its building
phosphate orde -> blocks. DNA is made of four types of

sugar nucleotides, which are linked covalently
T+ 8

into a polynucleotide chain (a DNA
strand) with a sugar-phosphate backbg,

sugar from which the bases (A, C, G, and )
phosphate nucleotide extend. A DNA molecule is composed
5 two DNA strands held together by
double-stranded DNA : DNA double helix

hydrogen bonds between the paired by
3 The arrowheads at the ends of the DN
! strands indicate the polarities of the tw,
strands, which run antiparallel to each
other in the DNA molecule. In the
diagram at the bottom left of the figure,
the DNA molecule is shown straighten
out; in reality, it is twisted into a doub%
helix, as shown on the right. For de ails,

see Figure 4-5.
reotde

sugar-phosphate
backbone
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base pairs - — —
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