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Lecture 21: Microbial Taxonomy
Identification and Classification of Prokaryotes

L. Principles of taxonomy
= a science that studies organisms in order to

-determining that an
unknown isolate belongs
to a known group.

Taxonom - organisms into
axono y taxa based on character

similarity or evolutionary
relatedness.

-Names are assigned
according to an
international code and

use the binomial system
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A
investigation
characteristics
Culture ( )
characteristics
characteristics
*In a clinical setting, a can also help to narrow down

the possibilities of the organism responsible.

Frame 111
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B. : based on phenotypic and genotypic differences
- Complicated by and mability to
(e.g species can not be defined as groups of
interbreeding or potentially interbreeding populations).
- Because of these difficulties, the use of genotypic similarities and
1s extremely useful 1in

prokaryotic classification.

Frame 171
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Example:

1. Taxonomic hierarchies -
A collection
of similar phyla.

A
collection of similar classes.

A collection of

In
procaryotic nomeclature,
class name

A collection of

similar families. In
procaryotic nomenclature,

order name
|
A collection of
In
procaryotic nomenclature,
family name |
!
*Note- sometimes informal = A collection of
groupings are used (e.g. The :
or the = a group of
). related

Frame 203
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2. Classification systems
In 1970, Carl Woese and colleagues proposed a
based on sequences. The domains
archaea and bacteria divereed first and the eukaryotic cell 1s thought to
have arose ~

Frame 394
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II. (based on similarity of phenotypic

characteristics):

Numerical taxonomy

A. Determines relatedness based on the percentage of

(e.g. motility,
ability to degrade lactose etc..)
B. Between 50 and several hundred characteristics are tested

and a (Ssp) 18 calculated:

7!

SM

Total number of
characteristics compared

Frame 440
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B. Simple matching coefficients are arranged to construct a

Example adapted from Prescott's Microbiology

Bacterium
— NN | T W0O | O

Which two strains are the

1.0 most similar?

0.92 |19

0.81|0.77(1.0

0.2710.31|0.29( 1.0

Bacterium

(o) IS B - 0o I Ao I

0.43(0.41(0.45(0.30| 1.0

0.380.42|0.44|0.32|10.72| 1.0

Frame 471
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11 methods (use ol genotypic characteristics)
*Makes it possible to identify organisms that in the lab.
IDENTIFICATION
Nucleic acid probing:
DNA from unknown organism
NRRRRENRRERARRE
T T T T T
SEREARERERENRERE o [TTTTTTT
A A single stranded
piece of the DNA DNA from an If the probe
from a from the known unknown then the
known organism organism 1s unknown
organism ‘ and organism is
is chosen (e.g. a putinto the known
radioisotope or a solution with organism
fluorescent dye) the probe.

#To use probing methods, it's often necessary to the DNA.

Frame 503
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sequences using PCR
*PCR can be used to
amplify DNA samples from

ect ET : 3
EI i
| |

B. Amplifying specific DNA ‘ ‘
3'| |5'

N
|

| |
I
J5 i
ARy
Original ) = downstream
DNA PCR primer
— ggs‘étream DNA~
: dNTP building blocks
* of PCR can amplify gre added bvg
a-sequence . )

Frame 559
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C. Sequencing rRNA genes

rRNAs

-Have essential functions so they
contain

-Because of the high conservation of
these sequences, the
in order to

| |
58 168 238

Because of its ,
16S rDNA is most often sequenced
for identification. Extensive

of 16S rDNA
sequences are available.

Frame 631
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CLASSIFICATION
A. DNA base ratio ( )
1. The relative amount of A, T, G and C can be used to
of different bacteria == expressed as the
(G + C or simply GC).

*1t GC content = . then the AT content must be

2. Often measured by determining the temperature at which the
double-stranded DNA . The the GC content, the

the melting temperature ().

Frame 687
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Relative absorbance at 260 nm

70°C 80°C 90°C 100°C

Temperature

3. If the GC content varies by greater than ~10%, the organisms

*Note-two organisms with the same GC content

(Bacillus subtilis and both have 40% GC).

Frame 736
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B. DNA hybridization
The between two organisms
can be determined by measuring how well single strands of their DNA
will to eachother.

Frame 777




Puma:Users:rwatson:Desktop:Gen_micro_lectures:lecture21_taxonomy:Lecture21_F11:lecture2thdINov 14, 2013

DNA from a

DNA from 1 ﬂrgﬂnism % - % second nrganism
ARNRNRNRRRNRNE I OO and
H o - o “ith a
DNA is and detectable marker
to a
v nitrocellulose filter
A 4

nnlanlan el el sl

Radioactive fragments are allowed to
hybridize with the DNA bound to the filter

v

Membrane is washed to

T

e e P e —————
||@ensive hybridization Some hybridization No hybridization

Frame 796
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The the degree of hybridization, the the similarity. Strains
that show are often considered the
C. Because of the high level of conservation in 16S rRNA, comparisons
between these sequences can show by
giving a measure of the time elapsed since the organisms
. That 1s, 16S rRNAs make good
| In this way, rRNA sequences help with the

construction of

Frame 860
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Phylogenetic Trees: A graph made from branches and nodes

represents an
ancestor of
today's
organisms

represents an
organism that is
living today. C D

C

- length
may depict a time
scale or may

reflect molecular A
changes Shows between
Has a node that represents a existing species but

; Shows development

Frame 908
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IV..
-5 volumes that according to phylogenetic data
Orders:
‘ thermophilic and hyperthermophylic Thermoproteales
a sulfur-metabolizing organisms Desulfurococcales

Divided Sulfolobales

— ——into 2
phyla

Methanogenic and halophilic procaryotes, 8§ classes, 12 orders
Thermophilic sulfur-reducing organisms

Anaerobic, thermophilic, fermentation G- 1 class, 5 genera

Radiation resistant bacteria

_ o ;J:;vl;ﬂ?l:lﬂmtn Nonsulfur bacteria, gliding bacteria I class, 2 orders
some of _
which are:

‘ Use H, as an energy source and produce H,0

Green sulfur bacteria

Frame 972
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Often can grow at low nutrient levels (purple
nonsulfur bacteria, Nitrobacter, Rhizobium, Rickettsia,
Brucella, Caulobacter)

Many chemolithotrophic bacteria (Nitrosomonas,
Thiobacillus, Neisseria)

Phylum: Proteobacteria
(240 Families and 1194 Genera)
|

Diverse but many are facultatively anaerobic,
fermentative, chemoorganotrophic bacteria
(Enterobacteriaceae, Vibrionaceae, Pseudomodaceae,
Azotobacteriaceae)

Predatory bacteria (Bdellovibrio)
Sulfate and sulfur reducing bacteria (Desulfovibrio)

Campylobacter and Helicobacter

Frame 1038
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G+ with a low The Mycoplasmas (pleomorphic)
[

G+C content

G+, aerobic or facultatively anaerobic rods and cocci, contains 2
orders (Bacillus, Sporosarcina, Lactobacillus, Streptococcus,
Staphylococcus, Lactococcus, Enterococcus and Listeria)

5 subclasses, 6 orders, 44 families
. ) (Actinomyces, Corynebacterium, Micrococcus,
G+ with a high Mycobacterium, Streptomyces)

G+C content
Phylum: Actinobacteria

Frame 1078
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Coccoid to ovoid or pear-shaped, lack peptidoglycan, some
have a membrane-enclosed nucleoid, many are aquatic and
often have appendages

Coccoid organisms with no appendages, lack peptidoglycan

(Chlamydia)
9 different phyla ( all
(;-) that vary
considerably, some _
phyla include: (Treponema and Borrelia)

Frame 1108



