Bacteria are Diverse!!

* What they look like (morphology)
* What they can do (physiology)

\-5;-\

Widely Diverse
Morphologies

< 200 pm (0.2 mm) “giant”

SCience Thiomargharita

Tiny 0.1 um nanobacteria

E.coli =z 2 um is fairly “typical”

More Diverse morphology, for example
Actinoplanes
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Temperature, Acidic, Basic...
Extremophiles

Pyrococcus
furiosis
World's

Record Holder,
113°C

DETAILED TREE
Based on ribosomal RNA sequences

" 1, SRANLPOSITIVE
PURPLE BACTERIA BACTERIA

CYAROBACTERIA
FLAVORAC TFRIA

Kingdomsin old 5
kingdom system

prokaryotes = “bacteria’

How many bacteria are there?

LOTS!!! Each of you carries about 100
grams (1/4 pound) of live bacteria!!!!
YUCK!! That's about 10'* individuals!

It's also at least 10-fold more than your
own cell number. Yes, you are more
bacterial than human (in numbers
anyway)

Are they important?

+ Essential!! Recycle carbon, oxygen,
and most of the elements, e.g., fix
nitrogen, decompose pollutants,
photosynthesize

« Dangerous!!! TB, leprosy, Toxic shock
syndrome, Strep, Syphilis, Lyme......

8/25/2010



What is advantage of using
bacteria to study genetics?

» Large numbers, easy to grow

» Haploid: almost immediate expression
of mutations

» Easy to select mutants

Bacteria as a model system in genetics

1) Simple growing requirements: water, carbon source and
inorganic salts.

Many wild bacteria are “prototrophic.” They can make all
essential materials in the cell (amino acids, lipids,
nucleotides, vitamins....).

2) Large numbers can be grown so that rare events
(mutations) can be viewed.

—r F
100 wm 33 pum 5 um

an he appreciated when specimens
1d greater magnification

FIGURE 3-1 A culture on the point of a pin. The small size of ha
on a pinpoint that has been dipped in E. coli are examined under g

3) They are haploid and mutants are easily identified:

a) “Auxotrophic.” Lacking the ability to make one or more
essential components of a biosynthetic pathway.

b) Resistant to antibiotics or phage

¢) Requiring different carbon sources.

 Bacteria are, in general CLONAL

_ —> —> —> — — —> —> —> parent
Mutation

—> — —> —> —> new strain

The Boston Globe

Virtually untreatable' TB strain spreads

A deadly disease is said to lack cure
By Elisabeth Rosenthal, International Herald
Tribune | September 6, 2006 PARIS —
The spread of a new, highly resistant form of tuberculosis that is
“virtually untreatable" is causing alarm among international health
officials who say that it has now been identified in ““all regions of
the world," according to the World Health Organization.
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Why do these new strains of bacteria (antibiotic resistant
“flesh eating”) seem to evolve so quickly?

(9th Ed. Ch. 16 411-413 or 8t Ed: Ch. 15 pages 362-363)
Two Hypotheses were proposed

Adaptive Mutations : environment induces mutations

Spontaneous Mutations: because there are so many bacteria
and they grow so fast, random mutations some of which may
be adaptive, preexist in populations.

Luria and Delbruck 1943 Fluctuation Test. They used
resistance to T1 phage, but the same is true for
resistance to antibiotics.

Luria and Delbruck 1943 Fluctuation Test.
If Adaptive Mutation hypothesis is true:

ey (-
@ @ @ No antibiotic

Antibiotic Antibiotic

Luria and Delbruck 1943 Fluctuation Test.
If Adaptive Mutation hypothesis is true:

Expect the mutants to be evenly distributed
among the small populations.

@ m
@ @ @ No antibiotic

Antibiotic Antibiotic

Luria and Delbruck 1943 Fluctuation Test.

If Spontaneous Mutations hypothesis is true:

@
@ @ @ No antibiotic

Antibiotic Antibiotic
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Luria and Delbruck 1943 Fluctuation Test.

If Spontaneous Mutations hypothesis is true:

Expect the mutants to be concentrated in just the
small populations that received the pre-existing
mutant.

oD
@ @ @ No antibiotic

Antibiotic Antibiotic

b Hypothesis 1: Resi isa iological toa

Adaptive: bacteria hit the bactericide (antibiotic or phage media) and
develop resistance at a certain rate. Each plate would likely have a few

induced resistant colonies.

Hypothesis 1: i isa

Spontaneous: resistance already present, only cultures that received
aresistant cell will have resistant colonies. Some plates would have a

lot of resistant colonies, other

Worth a Nobel Prize in 1969!!

s would have none.

A T 1 0 1
00800000004

Is this support for Adaptive (A), Spontaneous Mutation (B) or
neither (C) hypothesis?

Replicate Plating to test Induction vs. Spontaneous Mutation Hypotheses

1)

1. Inwvert master plate; pressing against
velvel surface leaves &n
imprint of colanies, Save plate.

8= = A=

_S5<
Master plate
Mo penicillin in medium

Velvet

S = penicillin-sensitive
bacteria

A = peanicillin-resistant
bacteriz

2. Irwert second plate
(replica plate); pressing  J. Lederberg and E.
against velvet surface Lederberg 1952
picks up colany imprint,

- -

Penicillin in medium

3. Incubate
plate,

r’;_? 1

T e

Replica plate
4.0nly penicillin-resistant
calanies grow, Compare
position of colanies on
original plate,
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177 colonies of ‘\fake three replica platas,
panicillin-sensitive bacteria Incubate to allow panicillin-
rosietan! colonies to grow,

i %% = Is this support
! = = for Induction
—r o or

o Spontaneous
Penicillin in medium Mutation

Hypothesis??

Master plata
Ho penicillin in medium

7)\

=
S
Valvet — —
Y Pericillin in madium Spontaljeou
s Mutation!!!
b =
v L =‘¢
- S, —

Pericillin in medium
Penicillin-resistant
colonies grow inlthe sama
position on all three plates.

Why are bacteria so diverse and
why can they evolve so quickly?

1) Large numbers, short generation

times and selection for rare \} —_

mutants. 7 —
Have we mentioned other OMN O— Oxrmosons

mechanisms that might speed aabare”

their rate of evolution?

2) Transformation!! Bacteria can
pick up genes from other

bacteria!!

Segls atranded
dene DA

Griffitt BBUCARry et al. 1044 = w\ '
=105- 107 |

) Segiestranded doser DNA
fragmant i incormarated
0 st cheomsome

O l‘“’O

Lederberg and colleagues looked further at
mutations and their evolution by studying
auxotrophs.

How to select for an auxotroph?

* REPLICA PLATING, e.g. for a lysine auxotroph

Treatment of E. coll cails
with & mutagen, such as.
nrosaguaniding.

A
met = bie~ thr# leu® thi+

Y

Wash cells

Plate ~ 10° calis

Mixture

Wash cells

T
Plate ~ 10* cells

B Lederberg and Tatum
met*hio* thr— leu~ thi~ 1946

Could mutation account for
the prototrophs?

No. You would not expect
more prototrophs to appear
when mixing strains.

Also, mutation rates are
about 1/108 per gene.

\ How often would

wasrl esls  prototrophic mutants be
Plate ~ 10% calls eXpeCted?

(1x 108) (1 x 108)=
1x10 16

MNo met* bio+ thr+ leu+ thi+ Mo

colonies

Prototrophic
colonies

colonies
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Bernard Davis 1950 New Mechanism of Genetic

7 Pressure/suction Conclusions: Mutation Conjugation F* x F a -
L altemately applied can not account for the A Exchange: Conjugation
observations. - PR o
Transformation would F factor —3 @ - | F'and F cell
I seem to be a likely ’
cause. But.... Chromaosome :&T:E’gu:ﬂ:fnn:nf;;nss

completed; DNA
synthesis completed

F* (Strain A) —— - —— F (Strain B)
; If transformation is

N the cause, what do [ /5 -
- | | 2. One strand of the
R you expect? = | Ftactor is nicked by
~ | an endonuctease and

Some colonies on

Plate on Medium passes back Plate on | maves across the | 5. Ligase closes circles;
- . foa : both plates conjugation tube. ) - 0 :
minimal medium and forth across minimal medium p . Il | conjugants separate.
and incubate filter; cells do not and incubate

' '

| 3. The DNA complement F cell F cell

. | is synthesized on both E
ConC|USIOn . / \ | single strands, xconjugants
5'-3'leading 1 |

. |
Transformation is

not the cause!!!

No growth No growth

Circular parental DNA
double-helix

F factor plasmid

100 kb and 19 transfer
genes plus other genes.

Cells carrying F produce pili,

“+—— Origin of replication

alks
J o Sequence-specific endonuclease
produces a nick at the erigin.

0 ingletanded Doublestranded progerny DVA i produced minute tubules.
progeny DNA is by discontinuous synthesis of the comple-
produced by or mentary strand with the single-stranded tail
cleavage and as template, followed by cleavage and F+ Ce”s transfer a Copy Of
I a‘.n 5 () end s displaced, and recircularization, recircularization. . .
The S @ endisdiplced nd J \ Okazaki fragments plasmid and retain a copy.
2N
_____ — =3 F+ are inhibited from

Template
strand

contacting other F+ cells

B
o The circular template strand continues
1o “roll” with covalent extension at 3-0H.

F factor plasmid can
integrate into the bacterial

The rolling-circle genome!

mechanism of DNA
replication.




Cavalli-Sforza 1950 and Hayes 1953 discovered
High Frequency Recombination (Hfr) lines.

Recipient Cell gains

Normal Conjugations Lines genes of the donor

7F+ X F°~ —— F* F* Recombinants at 10-
Hfr Lines

Hfr  x F° —— Hff F~ Recombinants at 10

Recombination refers to the rate that prototrophs are
produced in the recipient cell

Conjugation F* = F

Standard Conjugation

Focell Fcell
{ 1. Conjugation between
kiactoq | Fland F cell
[ 7 | | #= | 4 Movement across
+— Chromosome | Q. Q conjugation tube
~ Met- Leu+ | T /| completed; DNA

synthesis completed

) IR il
_ end W) &
| | 2. One strand of the .
- | Ffactor is nicked by
- | an endonuclease and T
| maoves across the

banntinn e | 7% ==, | 5. Ligase closes circles;
i ) | I | conjugation tube. | O, _O i
& i 4 | s
+ 5'-3'lagging
y, — 5
'@ I | 3. The DNA complement F* cell F cell
- — | is synthesized on both
. | single strands, Exconjugants
5'-3'leading R

In this process there is no specific
mechanism for genes on the bacterial
chromosome to get into the recipient cell.

SIEs

o Donor DNA interacts with hest chromasome.

With Hfr thereis a
mechanism to move
bacterial genes from donor
to recipient.

How does it work?
Homologous Insertion
Sequences (IS) pair

A single crossover will
integrate plamid into g
bacterial chromosome. @ Fecorbiation
The plasmid DNA will now

be flanked by the 2 IS.

Circudar donor DNA

R Circular racipiant
chromosome

Bacterial cell

— Single exchange
between donor
and recipient
chromosorme

integrated into host
chromosome,

é“ Donor DNA s @

Donor DNA

,~Origin (O)
Insertion Sequence, a bacterial
Fortiity DNA transposon similar to
genes McClintock’s Activator (Ac) from
corn (Ed.9: Ch 22.1 or Ed.8: 15.9)
To become Hfr, plasmid must
Pairing recombine with a similar IS in
region bacterial chromosome.
(b)
.
a 1Q2 b al
d : c d
E. coli
chromosome (a)
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Fertility/Transfer

Part of the
plasmid is left
behind!!!

—_—

Plasmid is bringing
bacterial genes to

ot&rfr cell!!!

Why are recipient cells F-?  Why is there high frequency

recombination?

F factor

Bacterial Chromaosame

F+ to Hfr (must have IS

in plasmid and

bacterial chromosome)
1. F factor is integrated into the

bacterial chromosome and the cell
becomes an Hir cell,

2. Conjugation occurs between
an Hir and F' cell, The F factor
is nicked by an enzyme, creating

A Py
pf Tt
S o
Ve, g Transfer

c

| 3
=5k

e | L=
L Y S = L
E"- 4 — {Z:l_.;’( Replicatio
e n

a*

/‘\ — Exogenote

(a) — Endogenote

o
a a’
(b)

5
.

Viable

Nonviable

Fragment
Nonviable

the origin of transfer of the s : : f
chromasame (Q). g »5; . Recombinatid
Hir cell F el S -
F cell Feell
Exconjugants
Molecular Basis of RecBCD machine

Recombination in
Prokaryotes (E. coli)

Three genes: recB, recC,
recD

RecBCD protein has
helicase and exonuclease

Ahggne: recA

RecA (universal recombinase; =
RadA in Archaea, Rad51/Dmclin
Eukaryotes) binds to ssDNA and
forms a highly recombinogenic 3’

{IHelicase RecBCD
© Nuclease RecBCD
RecA-ss DNA
[ filament RecBCD
formation

5l
—da
3‘
Chi g
Aab by
RecA i
‘-““.

Qr‘aal

8/25/2010



Hir H cell

14

@9

lEa

@B

o 1B minutes
after conjugation

beging

9 minites
after conjugabon
begins

25 minutes
after conjugation
begins
£33
¢ Hfr (strs) X F-
W . "
o azis tons lac* gal* azi" ton’ lac” gal-
“mate” and interrupt (blender)
11 minutes .
:'-Le- conjugation Grow on streptomycin to stop Hfr
s

Screen at various times for recombinants in F-
The interrupted mating experiment of Wollman and Jacob.

100
2 azis
= SN IS
o8
£8 80f-------
= E
E 3
Lo B
gg 60
@ o
]
coi i SR & SR
- Mr
=t
- i I R G
s ¥ 20
a o
E
=
0 | I | | |
0 10 20 30 40 50 60

Time in minutes prior to interrupting mating

Data from the interrupted mating experiment.

0 5 10 15 20 25 minutes
¥ X ¥ }
o azi ton lac gal

When different Hfr lines were used, they found different genes
being transferred. Why?

thr thr the thr thr
thi pro thi pro thi pro thi pro thi pro
his pur his pur his B his pur his pur
gal gal gal gal gai

(a) H 1 2 3 a2

thi gly his gal pur lac pro thr pro lac pur gal his gly thi thr
v el Iy n f ;

H 1 2

fac pur gal his gly thi thr pro
H——t———

PR
+—t

gal his gly thi ihr pro lac pur oy his gal pur lac pro thr thi B fertility factor

SR T »  oigin (first to enler)

(o) 3 312 B lerminus (lasl to entar)

Why has the F plasmid integrated in different
places?

8/25/2010
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Hfr H thr
(Hayes) . | lac
g 7

F-factor insertion
sites in different
Hfr strains

Arrowheads indicate

direction of \

chromosome fransfer.

his

Map locations of
selected E. coli genes

Four Interrupted Mating Experiment with 4 different Hfr
lines

Hfr  Order (letters represent different ge
1) E R I u M B
2) U M B A C T
3) R E T C A B
4 ¢ T E R I U .-
In which line(s) are the genes rearranged?

A) Hfr line 2 has a rearranged gene order

B) Hfr line 3 has arearranged gene order

C) Hfrlines 2 and 4 have rearranged gene orders
D) All lines have rearranged gene orders

E) No line has rearranged gene orders

Summary: F+ or Hfr x F
crosses
Key Points!!

Insertion of F facter  ——— FOO*“
)/ Hir a* \

/
/

Conjugation and ——
chromasome at £
M C
/ fr a* \ F-a- / F*‘a""\ F“r\

Hfr and F~

Hfr transfers bacterial
Recombination
genes therefore lotS

\‘ / Conjugalion

O.wt FQ—m— Oa- and transier

of F factor
/ F+a* \1 F-a-

/ X
L

FO Ot F 4~

Ftand F

F* transfers entire
plasmid to recipient.

F-atfa-

\Nn Aecombination

of recombinants in F F-a* F-a

8/25/2010
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lLac+

Ffactor

+  Hir chromosome

The plasmid can enter and CEN T
excise from the bacterial 3 :
chromosome (by

recombination at the IS).

A
&

H

H

F+ Hfl’ Hir chromeseme [

Excision of the plasmid
from the bacterial i v

chromosome is not © F factor loogs ot f

always perfect! (similar nearperstis st O s
. ton
to unequal crossovers in . {>
STk
Eukaryotes) O orpcurwn
excised from the a@
chromaosome. e
slEa 0
© F tactor with lact DNA
& transmitted o an
et )

4 partially dploud cell
{ac/lac*). ﬁﬁgrm%
t5x

= Flactar o7
/": f ! 1. Excision of the F factor from
the chromosome begins. During

L)

| || e M) | wucision, the B factar carries with

w it, part af the chiomosomes (the A
I and E regicns).

., /'

Hifr cell * Hir cell

-

1 | 2. Excision is complete,
L@A I The cell s comverted 1o 1.
I The a and E regions of the
I chromosome are now contained
B D - fo
I in the F factor,
b |
(=R

( | i 13 The B cell is 2 moedified £ cel =D
EQA and may undergo conjugation @

with an F~ cell.

* ﬁ-'—. : o :I." - .-’:
" , . =< X
| N | ! F' means the cell is merozygote

Plasmids, carriers of all sorts of bacterial genes
including antibiotic resistance genes!!!
(a)

Conjugation with plasmids
carrying and swapping many
genes is a third reason
(besides mutation with short
generation times and
transformation) why bacteria

can evolve so quickly!

(b)

How about a fourth?

H‘ ( R plasmid
A %
\\\ s

W, T~

Q%lﬁ‘f‘_;‘?TF segment q{;ﬁ?’
S

o 3 . . .
e Py a partial diploid Exconjugants
Lederberg & ~ li’resst.tlr?!suclilqnd
Zinder 1952 ' aftemalely apple
. ‘5 Prototrophs recovered at
- 1/100,000 (1 x 10°).
Could the cause be
mutation?
Strain LA-2 —+——— Strain LA-22 Could conjugation be the

(phe™ trp™ met” his”) (phe trp” met” his”") cause?

I \(-'/ | be the cause?

Plate on Medium passes back Plate on DNAse was added and
minimal medium and forth across minimal medium prototrophs still

Could transformation

and incubate filter; cells do not and incubate recovered.
‘ l When pore size reduced
to <100 nm, no

prototrophs recovered.

e, .
.* « "= &". Conclusion: Another
. _® - .
=20 new mode for bacterial

gene transfer!!!

Mo growth Growth of prototrophs

(no prototrophs) (phe” trp” met™ his”)

8/25/2010
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T4 phage components

i

& o
i
&=

Frae phage

Core

Sheath

Infecting
phage

Injected 1 > Cell ?
DNA weall /\

End plate

Hast
chromosome

Phage absorption to bacterial host Mature phages assembled
Host chromosome ’
degraded §

Host cell lysed; phage released

Phage DNA replicated; phage
protein components synthesized

OK, so we can see that
phage (bacterial
viruses) can “hijack”
the bacterial machinery
to make more phage,

but how were the genes
exchanged between the
bacteriain the
Lederberg and Zinder
experiment?

You need to know 2
more things!!

8/25/2010
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1) Generalized Transduction: assembly of
«»L the new viruses is not always perfect.
B"'

- + 5 ar -
Evo X, )
ot ""a; iz (9. \ Ay
P Tm e \
Donor bacterium

+
Phages carryin %&’
donor genes t

Transduced Recipient
bacterium bacterium

Again, need flanking
recombination, otherwise
fragment will be lost!!

A phage 2) Just as with F
plasmids, viral DNA
can sometimes
integrate into the
host genome!

(b} Production of initial lysate

gal* bio* gal* bic*
(i) Normal outlooping
Lysogenic Stage — Lytic Stage

Bmtachmenl site
- :
E. coli
bio - chromosome
Integration enzymes
% integrated into E. coli chromogopme
gal bio
E. coli ch:omﬂsome
(b) Production of initial lysate
I it
A
3 1 3 1
—
| SSSS— ——
gal* bio* gal* bic*
(i) Normal outiooping
- - ™
Specialized Transductign Adgal
*
2 gal
e e iy
3
big* bio*

(i) Rare abnormal outipoping Similar to unequal Crossing

8/25/2010

14



? i}
(e § ERGS

Release of progeny Assambly of progeny
4 phages hphages
Lytic cycle
i chromosome Breakdawn
. Phage DNA replication - of host DNA
e e —— Q\ o
Lytic Q cj
| response = = ——
Host GNA Replicated .
Entars Iytic chromosomes
cycle S =
Lysogenic Establishment
TREponES of lysogeny !
Integration of & chromosome Excision of &
into hast chromosome chromasome

=) shramosome {C;_(;j\
\_)- ,C%:Y_i _/ %
o ~ Induction

Nultiple divisions

e Pressure/suction

Lederberg and Zinder ;
! alternately applied

1952 , f
> W
AN il e
Strain LA-2 - ——— Strain LA-22

(phe® trp" met™ his™) (phe trp™ met” his™»

Attack LA-2 | \[/ | /;Jﬁ“

cells Plate on Medium passes back Plate on
minimal medium and forth across minimal medium
phe+trp+ and incubate filter; cells do not and incubate
&~ phe+trp+
v A T
[y m\zp&
™ -
- : - -~ '....
a® " = -
L™
No growth Growth of prototrophs

(no prototrophs) (phe” trp" met” his")

&

The o
promiscuous PLASMID DONOR™~__" 461 asmiD
world of ; ak fo
bacteria! o &

.'&,

4

T <, RESISTANT
.y ; i ol - A% o \GENE
T Transr TN N e

. : > SFER gy R
b " |OF FREE
o DNA
: \ J
DEAD b
BACTERIUM TRANSFER
; BY VIRAL
DELIVERY
{1 BACTERIUM  RESISTANT
RECEIVING 3 GENE
RESISTANCE
GENES. 00 & BACTERIIM —~ 1
- INFECTED
Levy 1997 BY VIRUS

Needed: New Drugs

Of the roughly 160 antibictics now available, every selling antibiotics, along wi

! ) 3 g with some examples of
one has some ba_clena thal are partially, or even commen infections that have become resistant 1o
fully, resistant to il. Here are the classes of the lop them.

wwomde Some of the infections that have

Class of antiviotc (i ons) s 6ach loss of abilic gy st ST
_Qonhlm?«lnc $8,446 Cellacor, Cefuroxime Bronchitis, pneumonia, meningitis
Penicillins* * 4,413 Amoxicillin, Ampicillin Pneumonia, septicemia, bronchilis
Flouro-quinclones 3,308 Ciprofloxacin, Olloxacin Toxic shock syndrome, meﬁingihs
Macrolides - 2,927 Clarithromyein, Erythromycin Toxic shock syndrome, meningitis
Tetracyclines 744 Minocycline Urinary tract infections, :

) ) / pelvic inflammatory disease
Aminoglycosides 729 Genlamicin Intestinal infections, seplicemia
Glycopeptides 462 Vancomycin Intestinal infections
Carbapanems . 443 Imipenem ‘Bronchitis, pneumonia
Trimethoprim combinations 381 TMPISMX Gastroenterilis, septicemia, bronchitis
All other systamic antibodies 1,049  Rilampin : Tuberculosis
“Fer 12-months onding Sepember 1995, *“Includes both . : and : o ing

These classes of antibiotics damage certain components of the bacterial cell.
For example, Tetracycline attaches to bacterial ribosomes preventing protein
systhesis. Vancomycin blocks cell wall synthesis.

8/25/2010
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Percent Susceptibility of Methicillin (Multi) o
Il R e sistant Staphylococcus aureus How do Antibiotic ANTIBOTIC
o of Strains e resistance genes work? RESISTANCE
Antibiotic . (MRSA) to Antibiotics Other Than o GENES EFFLUX PUMP
Resistant Degrade antibiotic ANTIBIOTIC ——a L)
DEGRADING 3
Alter antibiotic or its ENZYME -
Gentamicin 92-98 % target b
Minocycline 92-98 % Block entrance of i
antibiotic into the cell -3 e )
. 0, F
Tetracycline 92-98 % Pump antibiotic out of \—/Z{ ;ﬂ;. D
Erythromycin 92-98 % cell ' 3 o/
Netilmycin 30 % P /¢
j R
Sparfloxacin 40 % e ENZYME < ANTBIOTIC
. . o /
Ciprofloxacin 42 % CHROMOSOME A
Chloramphenicol 57 %
Trimethoprim 11-15%
.- . e ]
Fusidic acid 11-15%  Source: The Complete Guide to
Rifampicin 11-15 % Anti-Infectives, Scrips, 1999. Levy 1997
AGENT MECHANISM OF ACTION RESISTANCE _ o
MECHANISMS What do we do that accelerates the evolution of antibiotic resistance
Beta lactams: penicillins, i Inactivation, in bacteria?
. Block cell wall formation .
cephalosporins mutation Improper medicinal uses:
Glycopept_ides: Block cell wall formation Mutation of binding Prescriptions for viral infections (CDC estimates that 1/3 of
vancomycin molecules outpatient prescriptions are unneeded!)
Amino gly_cosides: Block protein synthesis Inactivation Patients fail to complete full prescriptions and stockpile leftovers
gentamycin making these less than therapeutic dosages.
Tetracyclines Block protein synthesis Inactivation In many countries little regulation and indiscriminant use
i antibiotics.
Macrolides Block protein synthesis Rlboso_me )
protection Non-medical uses:
) o I utati indi “Anti-bacterial Fad” with proliferation of antibiotic disinfectants
Quinolones Inhibit DNA replication Mutation of binding b | Fad h I b d
molecules and antiseptics. (Use bleach, alcohol, ammonia and hydrogen peroxide
. Inhibits bacterial RNA Mutation of binding instead!)
Rifampin

Trimethoprim
Sulfonamides

polymerase

Block formation of nucleic
acids and f-met

molecules

Mutation of binding
molecules

Agricultural Uses:
Massive amounts are mixed into animal feed.

Aerosol sprays on acres of fruit trees

16



Definitions: Transformation
Translocation
Transduction
Conjugation
A) Viral mediated DNA exchange; chromosome
rearrangement; free DNA uptake; controlled DNA transfer

B) Controlled DNA transfer; chromosome rearrangement;
viral mediated DNA exchange; free DNA uptake

C) Free DNA uptake; chromosome rearrangement; viral
mediated DNA exchange; controlled DNA transfer

D) Controlled DNA transfer; chromosome rearrangement;
viral mediated DNA exchange; free DNA uptake

E) None of the above is correct

8/25/2010
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