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Preface _ . . S .

" In.1975, the American Socjety for Microbiology surveyed the needs-of community and' junior college teachers of
microbiology. The study revealed that instructional materials specifically designed forthese instriictors were inadequate ‘
As a result,” American Society for Microbiology, througle its Board of Education and Training, apphed for and received a

. grant from’the National Science Foundation to prodtice TOplC Outlines in Microbiology. This,publication is the result:lts

4.

" objective is to organize bodies of s¢ientific knowledge so that community and junior college instructors, with diffeting Yo (
. aims and tralning, may extract portions according to their instructional needs. The material was prepared with the support <
of Natlonal Science Foundatro_n grant no. SED77-18459. However, any opinions, findings, conclusions, or recommendations - -
. expressed herem are those of the author(s) and do not necegsarily reflect the yiews of National Science Foundation. 4
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How to Use This Book: . . \

This book prdsents subject-matter organized in outline form, The material is intended for two purposes: (1) as
background information for instructors, and (2) as a guide for developing courses of instruction, .

J‘l\'e user of this material must understand that the outlines are n&w intended for use by stdents, nor should they be
used in their entirety. Rather, the instructor should 5017'('_t from,the matérial presented hereto meet his or her particular
needs. | : .

The Topic Outline is organized in four sectitns: Introductory "Microbiology, Medical Microbiology, Microbial
Genetid®, and Microbial Physiology. The first two units comprise the tWo most frequently taught microbiology courses in
community and junior colleges. The outlines for Microbial Genetics and Microbial Physiology were prepared to present
the instructor with more detailed information in these basic subject arcas that are reportedly difficult to teach. The
Microbial Genetics and Physiology units are cited extensively throughout the Introductory and Medical units to assist the
instructor with the presentation of thesestbjects. : -

%Each unit is organized by the following format: - : ‘
,ESSENT‘IA‘L INFORMATION *. . B
. . ’ 2
- A body of knowledge that the authors believe is essential sub]ecthatter. ® LT

ENRICHING INFORMATION - Ve

Information that the authors believe will serve'as illustrative material and which will facilitate learning.

PRACTICAL ACTIVITIES . -

Activities allowing the igstrdgtor to enhance the use of the essential and enriching information. lllustrative materials
are also included. R . - ' . \

Fundamental to this approach is the coricept that everr though thel authors have organized the materials in one fashion,
the instructo;“hasmthe option of reorganizing it in another. What may be deemed enriching at one stage of a student’s
progress may become essential knowledge at a later date. Similasly, information that is essential to a student with one
educational aim .r;:éy be enriching to another whose educational aim is different. FEERE

o - 11
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-~ 7. o  The user of this book may find a need for additional sources of information concerning microorganisms and the

. microbial world. ‘Many are available including textbooks, laboratory manudls, magazine and journal ‘articles, and .
"’au;i\iovi'slual coll,ect-i'c)'r'\'s, For further informationy you may wish to consult a local college or university, health department,
or a public or special library. Scientific supply apd equipment firms (the manufacturing jindustry), as well as audiovisual

5 and publishing distributors, are often useful-sources for informatien.
- Titles of textbooks may be found in Books in Print. Reviews of textbooks periodically appear in such publications as

. ASM News, The American Scientist, Bioscience, Journal of Junior College Science Teaching, and The Quarterly Review
of Biology . : / ’ /
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' 1.2 Concept of the Cell
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1.3 Eucaxyotic and Procar-
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" A. ESSENTIAL INFORMATION,

chroorgarhsms are mxcroscopxc and sub-
microscopic forms havmg characteristics of

living systems. o . Q.

P
Viruses, bacteria (including the rickettsias
and chlamydias), most funﬁ:‘, protoZoans,
and certain algae represent e five general
forms of microorganisms.

With the exé‘eption of viruses (which are, -

acellular) the cell is the basic structural unit

of life. o

/ ”ﬂ)//”/gl;»/p

Most microorganisms Sue umceli}daﬁ(fr/{{/

ganisms. i

* . f‘
” / envu'onment A single-celled orggnpism is |,

able to carry out all the processes assocmted )

i
- )N/
] “h ,;“,I
“
,-
L2

Two major types of cellular organization,
procaryetic and eucaryotic, are recognized.

A

AR . 2

B. ENRICHMENT INFORMATION

The sx:mllest organism that can be seen
with the naked eye would be approxirhately
0.1'mm. The smallest organtism that can be
seen using a light mlcroscope would be ap-
proximately 0.2 um (1 pm = 107° m).

As a rule, viruses are the smallest, fol--
lowed by bacterla fungi, and certain algae

Mlcroorga isns have a wider range o
physjological potentialities than all other or-
ganisms combined.- .

All microorganisms have some means of
reproducing or in ing their,numbers.”

Micreorganisms play a significant role m )

most areas of human actwnty.

" ,‘L/. :

Cells are <o posed of* protoplasm (a col-
loidal ofgapig complex co‘??i ting largely of
proteins, 1ipids, gnd jnucleic acids) sur-
rounded b&‘ 'mltmgniﬂzmbranes and con-*
taining g iﬁiﬁ?us Or nucleoxd Many cells

’ i "d\;ht}on to lim#ing mem-
, f/é,Jc v),—sﬁ];/

1 ”‘membrane cytoplasm,

BS
%ﬁ! gnetabohc processes nor-
cm?ﬂ ith living cells.
an

‘7% isms are bxologlcally and
/b ﬁcher}ncaﬂy mdependent cells, afid they

reproduce independently in a suitable

1cal Atructures (cell

, with life within one cell; thus, microorga-
Mmisms are quite eomplex physiologic‘;;lly de-
=sp1t9 their smaH size. Unicellular organisms
-cdn} agghegate to form multicellular units,
e.g., chains or filaments of bacteria.

Procaryotic microorganisms lack a de-
fined nucleus with typlcal nuclear mem-
branes. Although the nuclear material is sep-
arated from the cytoplasm, it may not be
visible with the light microscope even when
.using special stains.

lmrodu&;‘ory‘ Microbiology—5

-'tures apd*
“o Compound light mlcroscopes are used to

" preparations.

C. PRACTICAL ACTIVITIES

Most mlcroorgamhns cdn be fixed (lm--
moblhzkd) on slides and‘sﬁnned yith various ‘
amhne Wdyofs to demonstrate specific strlic-

other distinguishing . properties.

dbserve most mlcrdorgamsms ~1n vangus

-

oy

Staining procedures may be used to dem-

‘onstrate basic structural units ofjife, such as

the cell wall and cell membrane alone, pro-
toplasm; and nuclear material (chromo-
somes). : e ° :

v

p Ly

27
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A, ESSENTJAL IN‘FORMATION

B. ENRICHMENT INFORMATION
Eucaryotic orgamsms possess a defined

, : [

C. PRACTICAL ACTIVITIES

Aruitoxt provided by Eic:

.~ . . . A
. - y  membrane-bound nucléus, which may be v A .
) . visible with the light microscope in elther ’
: stained or unstamed preparations. - .
1.31 Comparison of Cell Based on the detailed organization of their Distinguishing procaryotic.,and eucaryotic With the exceptions of the nucleus and
: Structures - cellular structures, eucaryotic microorga- features are summarized in Table 1. , the chloroplast, most eucaryotic orgarielles
nisms are more complex. Many of the functions performed by var- are not visible with light microscopy, -but
/. ious membrane-bound organelles in eucar- they are visible with electron microscopy.
yotic cells are associated with the cytoplas- e -

! mic membrane in procaryotes. : . ,

Bacteria (including the blue-greens or cy- Most bacteria, i‘ncluding cyanobacteria Prepared nlicroscope slides may be used .
anobacteria) are procaryotic, whereas fungi, (formerly known as blue-green algae), are .to show size relationships among various
protozoans, and algae are eucaryotic. unicellular and lack an organized nucleus. microorganisms. . )

’ I ¢ Cyanobacteria contain photosynthetic ap-* . -\
' paratus «thylakoid) with chlorophyll a. . ’ ’
. . 1
= Other p)iotosynthetx bacteria lack chloro- .
v - ’ phyll @, but contait¥bacteriochlorophylls a,
» - . b, c, and d.

Viruses are neither procaryotic-nor eucar- Viruses replxcate only in living cells, Typical electron micrographs may be ex-
yotic, since they lack a true cellular organi- Viral groups may be differentiated on the “amined to show that viruses lack a cell wall,
zatlon- basis of the type of nucleic acid core. Viruses  cell membrane and cytoplasm zmd contain

S contain DNA or RNA, bpt never both. a nucleic acid core.
- I
. c * ' ’ ’
«
. Y
B TaBLE 1. Features distinguishing procaryotic and eucaryotic cells =
. Feature Procaryotic Eucaryotic
Nuclear body - ' ' . . . Not bounded by g niclear membrane Bounded by a nuclear membrane
One circular chromosome i One or more linear chromosomes 4
No mitotic or meiotic division . ¥-\ , Mitotic and meiotic division
Nucleolus absgnt ) Nucleolus present !
g Cytoplasmic nature and structures
) Cytéplasmic streaming \ Absent Present
Pinocytosis ~ Absent Present .
Internal membrane‘bound ofganelles Absent Present !
@, Mitochondria » Absent R Present
/ Golgi apparatus (dicytosomes) Absent Present \
7 Endoplasmic reticulum Absent Present
. Chloroplasts ! ° ¢+ Absent N “May be present, depending on type of organism K
True vacuoles . Absent . Present
A ]
Cell wall Presenge of peptidoglycan ., Absence of peptidoglycan
. AY ) \
Locomotor organelles ! Simple and noncontractile Multifibriiled and contractile -
T :
/ - Introductory Microbiology —7 A
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Survey of the Micro- -

bial World

Classxflcatu{ -

Nomenclature

( >

Binomial System

- ." | .
. .
‘

" A. ESSENTHML INFORMATION
> ./ S '

\

¥ ‘e
-Blologlcal classification (taxonomy% the

systematlc arrangement of organis in

groups or categories (taxa).

& . -

s
L v

Nomenclature refers to the terms used in

the qutematlc and scientific nammg of or-

ganisms.
All microorganisms except viruses have at

least fwo names: genus and species (binomial
system of nomenclature).

4

lntrodugory Microbiology—9
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. B. ENRICHMENT INFORMATION .. .C. PRACTICAL ACTIVITIES

. Co a e ] R . .
One of the primary criteria used i in clas- Bacteria can be classified on the basis of

sification is the mode of obtaining carbon several demonstrable'charactenstlcs inglud-
(autotrophic or-heterotrophic). Autotrophs . ing cell shape (coccus, rod, s;ynllum) Gram
‘and heterotrophs can be further divided into s stain reactions, photosynthesizing ‘capabil-
groups according to their source of energy.  ity, and the ability to grow in different me-
Additional classification criteria include: dia. 021
ability to grow in the presence of free oxygen )
(aerobic and janaerébic), glianine-cytosine
(G-C) ratio, and in some instances ckemical o ’ e
composition of the cell wall and means of [‘
motility. ’ i
In the case of bacteria, serological (im- ,
munologlﬁ J classification can be used
phology, physiology, dnd . other
properties of two bacteria are simjlar. Orga: ' (
nisms identified by serological means are '
referred to as serotypes. )

~

A
The naming of bacteria, for example, is
governed by an internationally accepted set -
of rules (International Code of Nomencla-

ture of Bacteria).

A genus represents a group of very closely
related species. A species represents one
kind of microorganism capable of ifi
Bteeding with one of its own kind only or
descendants from a single cell line.

The names of both genus and spedies are _
Latinized and are descnptlve of an\orga- ]
nism's properties, e. g Micrococcus (a small
grain), albus (whlte)' therefore, a small,
spherical organism which produces white
colonies. The first name of an orggnism is
the genus; the second is the species. The
first letter of the genus is capitalized, R
whereas the first letter of the species is not.

Both designations are italicized or under-
lined.



N

. TOPICS AND SUBTOPICS
22 The .Five-Kingdom
Approach of Whit-
. taker (Note: other ap-
- proaches exist.)

I

. [ ]
2.21 The Animal Kingdom
222  The Plant Kingdom
2.23 The Fungi
§ T4
20
Q
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A. ESSENTIAL INFORMATION
Based on their characteristics, organisms
are grouped into the following five king-
doms: Animal, Plant, Fungi, Protistn,,an

- Monera. ; .

Vs

L)

The Animal Kingdom includes organisms
that are multicellular, eucaryotic, and non-
photosynthetic; that lack cell walls; and that
have tissue differentiation and holozoic nu-
trition (capable of ingesting entire particles
or whole organisms).’

v
v

The Plant Kingdom intludes organisms
that are multicellular, eucaryotic, and pho-
tosynthetic and have tissue differentiation
and holophytic (absorptive) nutrition.

Fungi are achlorophyllous, unicellular,
and/or multicellular and exhibit holophytic
nutrition.

4

Ve

B. ENRICHMENT INFORMATION

The five kingdoms are differentiated pri-
marily on the basis of the mode of obtaining
energy, morphology (simple or complex),
and motility. ‘

The Plant and Animal Kingdoms are dif-

ferentiated by the presence or absence of .

photosynthetic pigments, ie., chlorophylls
a, b, and c.

Most animals are motile and lack cell
walls, whereas most higher plants are non-
motile and possess cell walls containing cel-
lulose and fungi and lack chlorophylls. Some
Protista (algae) are more closely related to
plants, whereas certain other Protista (pro-
tozoans) are more closely related to the an*
imals. .

The tissues of higher animals are grouped

C. PRACTICAL ACTIVITIES

Microscope slides can be used to demon-
strate the different organisms found in Pro-
tista and Monera. '

Waterbury, J. B., and R. Y. Stanier.
1978. Patterns of growth and development
in pleurocapsalean cyanobacteria. Micro-
biol. Rev. 42:2-44,

e

-

et

Most animals may be shown to respond to

into organs and systems. Most higher ani- ™\ xternal stimuli (irritability).
mals reproduce primarily by sexual mears—" Examination of either living or preserved

Most animals usually ingest solid food (ho-
lozoic), which is broken down into smaller
components by enzymatic activity in the
digestive tract.

Tissue differentiation in higher plants be-
gins with parenchymal cells, which may give
rise to supporting and conducting tissues,
i.e., tracheary elements.

Some plant cells are nonliving at maturity
but still carry out specific functions, e.g.,
vascular and supportive plant tissue.

s

Most fungi are chemoorganotrophic (het-
erotrophic) and aerobic saprophytes; how-
ever, some are parasitic and pathogenic.

All fungal class members except the Deu-
teromycetes (Fungi Imperfecti) can repro-
duce sexually as well as asexually.

The hyphae of some fungi are nonseptate,
whereas the majority are septate. Aggre-
gates of hyphae are referred to as mycelia.

Diseases produced by fungi may be di-

Introductory Microbiology—I11

specimens may show that most animals pos-
sess a digestive cavity. &

Examination of either living or preserved
specimens will show that most higher plants
are differentiated into tissues and true roots,
stems, and leaves which are composed of
specialized cells and tissues; lower plants
lack true roots, stems, and leaves, but may
be multi-cellular with little differentiation in
cell types.

Média such as Sabouraud’s dextrose agar
can used to show that fungi are acido-
philic/ i.e., gfow better in an environment
with”a low pH. Prepared microscope slides
may be used to show cellular features of
fungi. ’
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'

The Protista

The Monera

chroscopy and
Staining” -

Microscopes
Y
b b

y
E

> — -~

. |

A. ESSENTIAL INEOK!MATION

<

’ ~

The Protista consjst of eucaryotic, pre-
dommately unicellular organs that include
algéa :and protozoans

‘.

The Monera consist of unicellular procar-
yotic organisms, namely all bacteria which
include the blue-greens or cyanobacteria.

Microscopes are of two categories, light

N

B. ENRICHME T INFORMATION
vided into twotypes, superficial mycoses
and systemic- mycoses (Medical Microbiol-
ogy, Topic 16)=

Some fungi produce powerful toxiris (my~

cotoxins, e.g., aflatoxin) (Medical Microbi- -

1 ology, Subtopic 7.82).

The algae excluded from the Protista are
multicellular and display cellular differentia-
tion with c6mplex morphology, i.e., holdfast,
stipe, and blade (which have some resem-

- h)an&es to root, stem, and leaves).

Soine pretozoans have either ingestive or
phagotrophic nutrition. All are hetero-
trophic and most are motile in at least one
stage of their life cycle.

Most Protista are predominately aquatlc
in habitat, but some are able, to grow and
multiply in moist soil.

Some Protista possess characteristics of
algae and protozoans; e.g., Euglena and
slime molds and, generally lack rigid cell
walls,

Autotrophic Monera may be divided into
photoautotrophs and chemoautotrophs,

Photoautotrophs are divided into two
groups: those able to carry out anoxygenic
photosynthesis (not producing oxygen) and
those able to carry out oxygenic photosyn-
thesis (producing oxygen).

Most chemoautotrophs (lithotrophs) are
able to obtain energy from.the oxidation of

, H, NO2, NH,*, H.S.

Many heterotrophic. Monera utilize or-
ganic substances as a source of energy as
well as a source of carbon (Microbial Phys-
jology, Subtopics 2.1, 2,21, and 5.23).

.Some heterotrophs are obligately para-
sitic and pathogenic (Medical Microbiology,
Topic 15).'

Resolving power, or the ability to show

‘ Introductory Microbiolpgy—13 *

C. PRACTICAL ACTIVITIES

Living material or prepared microscope
glides may ‘be used to demonstrate that the
‘Protista contain the two groups, the micro-
scopic algae, and the protozoans! .

Laboratory cultures may be used to dem-
onstrate the growth and reproductive prop-
erties of Protista.

Autotrophic members of the Monera may
only be grown in inorganic media, whereas
heterotrophs must have organic substances
for cultivation,

Microscope slides prepared from living
cultures or photomicrographs may be used
to show Various properties of the Monera

A

Diagrams may-be used to show that

N
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Choice of Microscope

A. ESSENTIAL'INFORMATION
and electron, depending upon the principle

.on which the magnification is based.

The choice of the microscope to use de- -
"pends on the nature of the specimen and the

information required.

\l

B. ENRICHMENT INFORMATION

detail, js the true measurement of any mi- '
_ croscope. It is inversely proportional to the

' . . .

.
[}

C. PRACTICAL ACTIVITIES _
bright-field or light-microscopes used to ob-
serve biological ‘forms are composed. of a

wavelength of the illumination source used. 4 series of lenses and are .called .compound

Since electrons have a much shorter wave-"
length than-visible light, electron micro-

_ scopes are capable of miich gxeéter resolu-

tion. .
A functional bright-field microscope

" should have the capability- of.resolving ob-

jects that are 0.2 um in diameter. :
Electron microscopes differ in several re«

spects from light microscopes. A series of

electromagnetic lenges isused as a condenser

system to concentrate the source of illumi- _

nation, electrons,” which- have the wave-
length of 0.05 A (107 um).’ Q\)

Transmission electron micrbscopes
(TEM) not only are capable of better resolv-
ing power, but sre also capable of producing
useful magnification ranging from 100,000 to
over 500,00Q.

An SEM can resolve objects 0.01 to 0.02
ftm in diameter and has approximately five
times the depth of field obtainable with a
TEM. The SEM can be used to determine
size, shape, and surface features of speci-
mens.

- The bright-field or light microscope usu-
ally is used for the examination of living and
stained preparations, e.g., Gram stains, cap-
sule stains, and spore stains, etc.

. Dark-field microscopy=caf~be employed
for the detection of microbial motility and

-the presence of microorganisms in various

specimens. . ;
Biological preparations’ (generally non-
conductors) studied by electron microscopy
must be treated in a manner to preserve
structure and to distinguish them from their
respective background surfaces.
Intracellular submicroscopic organelles

microscopes and.thaf there are two types of
electron microscopes, transmission (TEM)
and scarining (SEM). Both electron micro-
scopes use electrons rather than visible light
as the source of illumination.

-

7N
P

can only be seen with the TEM and requires—

specially prepared specimens.

Introductory Microbiology —16
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Bright-Field Microscopy
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Major ‘i?ifferenﬁal A/
Staining Procedures
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A. ESSENTIAL INFORMATION .

«Fach type of microscopy and each method
of specimen preparation offer some advan-
‘the demonstration of mlcroscoplc
structures and other features of mlcroorga-
nisms.. .

1

The bright-field compound microscope is
one of the most commonly used instruments
in the microbiology laboratory.

[

A variety of colored organic compounds
(dyes) and staining procedures are used in

the study and categorization of microorga-

nisms.

, -

The use of staining procedures enables
the individual to observe cells and their re-
spective parts more distinctly and to distin-
guish among certain cells and/or their as-
sociated structures.

4 ” B

N + .
' ' ’ .‘ A a
: .
.

B, ENRICHMENT INFORMATION
Propnrntion techniquea for-electron mi-

- croscopy intlude shadow-casting, freeze-
etching, surt‘ace impressions or replicas, elec-

tron staining, and ultrathin sectioning (alic-

, mg) .

Dark-field microscopy is useful in observ-
ing very fragile, difficult to stain ‘organisms,
(such as spirochetes),-as well as certam ge-
lected cellular activities.

Fluorescent microscopy las been used ex-
tensively for purposes of disease diagnosis
and detection of proteins such s immuno-
globulins. Fluorescent dyes are attached
(coupled) to antibodies or immunoglobulins
which combine only with the specific anti-
gens, or.substances that caused their infor-
mation. Resulting colors will vary depending

~on the type of fluorescent dye used and the

structures stained.

Most bright-field microscopes can be cal-
ibrated with stage and ocular microineters.

Phase-contrast can 'be obtained with a
special optical device to enhance differences

refractive index and density of the speci-
men.

Most dyes are basic and, therefore, have
a strong affinity for the acidic components
of cells, e.g., nucleic acids. Som\e dyes, when
used in combmatnon with other reagents,
may forni a complex and may be Retamed by
the bacterial cell. >

Many dyes also may be used to inhibit
certain microorganisms. Some of these dyes
may be added to media (selective media) or
used for the-treatment of certain diseases.

Introductory Microbiology —17

C. PRACTICAL ACTIVITIES

G
» * $
Preparations of certain bgtteria which are
difficult to see with ordinary light micros-
copy may be treated with fluoreacent dyes
and exposed to ultraviolet light to make
them visible.

Many mlcroorgamsms may be seen with
the brxghtﬂeld compound microscope.

‘Bacteria may be stained by techmques
with single dyes known as simple staining
procedures or techniques with combinations -

‘of dyes and with or without the use of de-

colorizing agents, which are referred to as
differential staining procedures.

Differential procedures may be used to
separate microorganisms into specific
groups, e.g., Gram stain and acid-fast; to
promote visibility of structures such as
spores, flagella, and capsules; and to aid in
microbial identification.
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3.23 Other Differential Stain-

40  Microbial Cultivation
4.1 The Nature of Media

N

\ - | ‘D,‘_*'

. A, HESENTIAL INFORMATION

On tho basls of Gram statnlng results, al
bacterla may be divided into two groupa;
gram positlve and gram negative,

Various factors inay cause a gram-positive

organism to atain gram nogatively; theae In. .

clude aging, injury to the cell wall, and cul-
tivation in an acldie'medium.

Other differential staining prochuris for .

such structures as spores, flagella, andcap-
sules can be used in the identification of
bacteria,

f‘

]

The media used in the growth of micro-

* organisms can be subdivided into two

groups: complex and synthetic. Complex
media are those for which the chemical com-
position is not defined, e.g., potato, blood,
milk, meat extract, etc. Media must fulfill
the nutritional requirements of microorga’

~nisms,

- A

L] ! . .
‘Il. ENRICHMENT INFORMATION
Gram-negative organisms may oxhibit a
gram-positive reaction only with lmpropor

. atnining,

Tho acid-faat stain i designed to dotuct
mlcroorgunlams posaogsing substanees (hy-
drophobic) on the cell wall, e.g., Mycobac-
terium tuberculosis,

Endospores generally resist .ordinary.

atnlning procedures. Application of heat dur-
ing spore staining is necessary for stain pen-
etratiqn to occur,

Since bacterial ﬂngella are so thin (0,02 to
0.028 um) they®&h be demonstrated only by
the depositing. of dye particles onto their
surfaces.

With capsule stains using India mk. it is
the background surrounding the structure
that is stained rather than the capsule itself.

All complex media are not applicable for
the cultivation of all types of microorga-
nisms. Natural media such as milk and se-
rum can be sterilized by special techniques
and apparatus. Filtration is'an example of a
procedure used for the sterilization of natu-
ral media as well as heat-labile material.

Mlcroorgamsms requiring complex or spe-
cial sources of growth factors are referred to
as -nutritionally fastidious organisms, e.g.,
parasitic and certain pathogenic organisms.
* The selection of a medium depends on the
needs of the organism to’be cultured.

An energy source is needed for all media
xcept those preparations used by photo-

atitotrophs.

The nitrogen source may be inorganic
(NH,*, NO;") or organic (proteins and re-
lated compounds) or both, depending on the
orgapism.

The carbon source may be inorganic
(CO%", HCO;3") or organic compounds such
as lipids, carbohydrates, or proteins.

Introductory Microbiology—19 ’

O, PRACTIOAL ACTIVITIES
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N Modin Unngo Medin may bo uaad for a vaviety of pur-
e * posen, ineliding bloassay, identifleation and
AN lnolation of particular organlems, and antl-
: biotic suscoptibllity. testing,
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5.0 Systematic Study of
the Microbial World
5.1 Bacteria The bacteria are procaryotic, unicellular
: . organisms. They are structurally simple, and
+ on the basis of cell shapes at least three
- broad groups are recognized: bacilli (rods),
cocci (spherical and ovmd), and spirilla (spi-
N ral and corkscrews).
5.11 Gram Reactions Bacteria can be dividéd into two “cate-
) gories on the basis of tfeir reaction to the
Gram stain procedure gram-posltlve and
~ ~ gram-negative.

5.12 Cell Structure Bacterial cells do ‘ot contain discrete

membrane-bound structures.

N\

v
-

o
S
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B BENRIOHMENT INFORMATION
Home organisms may utilize inorgmaie snl-
fur, wherena others requive organio sulfay
aneh ag sulfue contaliing amino acida (ine-
thionlue, ayatelue, oyatine),

Vavlous dyes, antibiotion, and other mna.
torial are Incorporated inte modia to Inhibit
or favor the growth of corlain mlurnurﬂm
nlsia, 4

pHindicatora ave added to maedia to detoog
acid ov alkaline statos,

Eh indieators are utilized to detect aovobio
or anacroble conditions,

A variety of specific compounds (sub-
strates) may be added to media to dotect
onzymatic activition and patterns of micro-
organisms,

Modm may be liquid (hroth), serisolid, or
solid, |

o
@ ot
R

Bacterial struftures such as endospores,
capsules, and flagella are not found with all
kinds of bacteria. Endospores are structures
that enable cells to withstand adverse con-
ditions, capsules are structures that enable
some cells to avoid phagocytosis, and flagella
are organelles of locomotlon

Bacterial enzymes that generate energy
are located on membranes that are not or-
ganized into discrete organelles.

Photosynthetic ba??eria contain pigrent
centered on inner membranes that absorb
light energy of a different wavelehigth than
the photoreceptors of eucaryotlc plants,

Introductory Microbiology —21
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O, PRACTIOAL ACTIVITIES

t

d

'

Madin applications inelude seleetive we-
din for the olation of apecifie organismm,
o Habonvaud's agar, tomato julee, and -
antibiotic-containing propavations; difforen-
tal madin to Hatinguish among abinilay or.
gandsing, o8, Mood agay; soleetive and dit-
ferential madia . proparations having the
combinad propovtips of difforential and so-
lective media, o.g, oosin methyleno blue
agar; enrichiment modia to promote the
growth of osie typo of organisim over others,
0.4 prupu{utiona for various autotrophs;
agd all-purpose media which support the
growth of u wide variety of organisms, ¢.g.;
nutrient agar,

-

Bacteria may be cultivated in the labora-
tory on various kinds of media or in an
appropriate kind of tissue culture system,

“The size, shape, and cellular arrangement of

various-kinds of bacteria may be determined

when wet mounts and/or heat-fixed smears

are observed under a compound microscope.

TEMs of bacterial cells may be used to
demonstrate a gramgfted cytoplasm and
dense areas (called a®nuclear region), and
the conspicuous absence of membrane-
bound structures... ,
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A. WHHUNTIAL ‘wlﬁ‘ﬂnMA’l‘l()N
Dactevia haw a single, eivenlay chvowo-
somie, Bach haoterial elwamosnine containg
many genea, each of which sodes for entive
protein subunits, '

Hacterin do nog eavry onk the procesnes of
witoals or mejosts, Most bagterin veproduee
through asexual processes in which the par
ont eoll {s divided equally botween two prog-
ony colls, Dngterinl colls contaln only idon-
tieal caplen of onch gope after asexunl vepro-
duction, As a vesule of -this phoenomenon,
they always exiut in the haplojd state (1N).

- Fangl are organisma that utilize only or-
ganic substancea as a carbon source (heter-
otrophic nutrition).

|

Theso organisms lack chlorophyll and
other photosynthetic pigmenta.

A9

@ o

’ A

R, ENRIOHMENT INI“OHM&%‘I()N
Infernal membran truetires, " meso-
oo, ave helievad (o funotion during eyl
‘division through the replication of the hae-
terial ohvomonome, cell wall fovenation, awd
the u,vntlwsla of covtaln protelimg and other

compomada, '

Cortain kinds of hacteyin possosy sox pili,
struetuves that faneton I gene tranafer
fvom donor to veelpiont ovlls,

Fungl contribute slgnificantly to soll for-
tility by releasing small organic mboleculos to
ocosystoms from the degvadations of blo-
mass. Cortaln fungi dograde and obtain uti-
lizable constituents from plastics, crude oll,
paints, {luuthor. ote. -

Some fungi can live optimally in extreme
onvironments as free-living entitids and ab-
sorb minerals and nutrients from rocks and
other substrates that cannot be utilized by
other heterotrophs.

.Certain fungi have characteriatics that en-
able them to live mutualistically with higher
plants (mycorrhizae) or algae (lichens),

Fungi that are parasitic obtain their nu-
trients from other living organismas!"

Pathogenic fungi produce two general cat-
egories of infections in humans: those pri-
marily associated with the skin and its ap-
pendages (dermatomycoses); and those that
in,volve,variqfxs organs of the body (systemic
mycoses),

Fungi such as Aspergillus fumigatus
cause opportunistic infections| In addition,
A. flavus and other organisms produce af-
latoxins. .

Introductdry Microbiology —23
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O PRACTIOAL ACTIVITING -
THMa of a haotsdalciromosome may he
waad Lo shaw thAt i 1 a erevtar looped-like
slviaotura in theloytoplowh) that is nabeneirs
aolud by & wmembrane, Vs

! .

/

Modin contabiling substances”auch uae

starch, golatin, or liplds may be used to show &

that fungl excrete n wide varioty of hydro-
lytic onzymos. . .

Field samples of fungi may used to
show that these organisms, which
rophytes, obtain their nutrients from Yead

or decomposing organic matter. :

2
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Structure and Orgamza-
tion

Protozoans

Organelles

A. ESSENTIAL INFORMATION

Fungi have discrete membrane-bound or-
ganelles.

Protozoans are predominately unicellular
organisms that lack cell walls and exhibit
some form of locomotion during their life-
times.

Protozoans contain discrete membrane-
bound organelles.

B. ENRICHMENT INFORMATION

Molds may have multinucleated hyphae
with cross walls (sgptate) or without cross
walls (nonseptate) and produce various
kinds of spores that are characteristic of a
particular taxonomic class.

Yeasts are generally nonfilamentous, but
some yeasts have a filamentous phase. Di-
morphic fiingi, when subjected to a specific
environmental change, exhibit both a yeast
phase and a mycelial phase.

Types of organelles of locomotion are usu-
ally characteristic for protozoan groups.
Many types of protozoans are motile only
during certain stages. (Introductory Micro-
biology, Topic 10).

Certain protozoan cells assimilate inor-
ganic chemicals such as calcium and silicon
into their outermost structure. Such sub-
stances tend to give cells rigidity. The vari-
ety of shapes exhibited by certain kinds of
protozoans can be attributed to features of
growth periods.

Protozoans that concentrate inorganic
substances in their shells become temporary
reservoirs of those substances and play a
role in geochemical cycles.

The variety of morphological forms ex-
hibited by a particular protozoan is often
referred to as being analogous to stages of
cell differentiation in higher organisms.

Certain ciliates also can use their loco-
motion organelles as sensory organs of
touch.

Members within one group of protozoa
(the Ciliata) possess two nuclei: a macronu-
cleus that regulates cellular functions and a
micronucleus that is associated with sexual
reproduction.

Macronuclei (sometimes more than one
per cell) contain many copies of deoxyribo-
nucleic acid (DNA), but do not function in
mitosis or meiosis.

Introductory Microbiology —25

C. PRACTICAL ACTIVITIES .

TEMSs may be used to show the presence
of various kinds of membrane-encircled

, Structures, and that chloroplasts are absent.

Wet mounts or hanging-drop prepara-
tions may be used to show that pro#hibans
are able to move by various mechanisms and
organelles such as “amoeboid motion,” cilia,
or whiplike flagella.

Transmission micrographs may be used
to show organelles such as nuclei, mitochon-
dria, etc.
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Pigmentation

Cell Structures

Viruses

Nucleic Acid Compo-

nents !
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A. ESSENTIAL INFORMATION

.6

Algae .are photoautotrophic organisms
that have various kinds of photosynthetic

ﬂgmenta.

\ . ~

Chloroplasts are present in all algal cells.
Pigments present in the chloroplasts of algae
include chlorophyll a, b, ¢, and d. Other
kinds of pigments vary considerably among
species of different groups.

These organisms have cell walls and var-
jous discrete membrane-bound organelles
typical of eucaryotic cells,

All viruses are acellular, submicroscopic,
obligate, intracellular parasites.

Viruses contain either ribonucleic acid
(RNA) or DNA, but never both.

B. ENRICHMENT INFORMATION
Certain protozoans exist in diploid (2N)
states during a major portion of their life
cycle. -

The photopigment complement present
in the chloroplasts of different algae deter-
mines the specific wavelength of solar radia-
tion that can be used in photosynthesis.

The biochemical reactions that occur dur-
ing algal photosynthesis are similar to the
kinds of reactions characteristic of plant
photosynthesis.

The colors of different kinds of algae re-
sult from the ratio of various chlorophylls
and other pigments present in their chloro-
plasts.

Bodies of water (ponds, lakes, streams,
etc.) often appear greenish or red due to the
abundant growth of algae. Such accumula-
tions are called algal blooms.

Photoreceptors may be located in the
membranes of chloroplasts.

Chloroplasts in algal species may differ in
shape, size, and the number present in cells.

Chloroplasts are self-replicating organ-

" elles. They contain their own DNA, which

differs from that found in the cell’s nucleus.

Cell walls of algae are composed of plant-
like constituents, but certain kinds of car-
bohydrates are unique to particular groups.

Rigid cell walls are conspicuously absent
in organisms cladsified as euglenoids.

Certain algal cell walls contain silica and
polysaccharides (agar, alginates, and carra-
geenan).

Viruses do not contain metabolic enzymes
and ribosomes with which to carry out the
process of protein synthesis.

Viruses are too small to be observed by
light microscopy.
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C. PRACTICAL ACTIVITIES

Examination of living or preserved speci-

niens can be used to show the photosyn-
thetic organelles of algae,

L]
!

.
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6.0 Bacterial Structure
and Function

6.1 Cell Shape

6.11 Cellular Arrangements

“A, ESSENTIAL INFORMATION_
Spector, D. H., and D. Baltimore. 1975,

The molecular biology of polio-viruses. Sci.
Am. 232:24-31.

Bacterial species exhibit one of three gen-
eral forms: spherical (coccus), cylindrical
{rod), or spiral.

Depending on the species, bacteria exhibit
a variety of arrangements of these shapes.

B. ENRICHMENT INFORMATION

" Viruses in an extracellular state {virions)
are infectious, but incapable of self-replica-
, N PAE-re ,

" tion,

The nuclei¢ acid in the core of both DNA
and RNA viruses may be either single- or
doublé-stranded.

Fiddes, J. C. 1977. The nucleotide se-
quence of a viral DNA, Sci. Am, 237:54-67.

The nucleic acid core of viruses is sur-
rounded by a protein coat or other covering.

Some bacteria do not exhibit one of the
three general forms, e.g., some bacteria are
stalked, some are branching, some are pleo-
morphic, and some exhibit characteristic ex-
tension of cell parts (prosthecate).

If the cell wall of cocci, rods, or spirals is
removed, they all tend to assume a spherical
shape, e.g., spheroplast or protoplast.

Some bacteria may display pleomorphism
(irregular shapes).

Some gram-positive and gram-negative
bacteria may lack cell walls when grown in
media containing an antibiotic such as;pen-

|y

C. PRACTICAL ACTIVITIES

Stained preparations of the three general
bacterial shapes (coccus, rod, spiral) are eas-

. ily observable with the ordinary microscope.

Prepared microscope slides of cocci may
be used to show morphological arrange-
ments in pairs (diplococci), chains (strepto-
cocci), clusters (staphylococci), fours (tet-
rads), or cuboidal arrangements of eight

icillin, which blocks cell wall synthesis. Suﬁkx + (sarcinae).

cells usually display spherical shapes™®in .
high-salt environments and lyse in a low-galt
environment, and some may. not revert to
walled organisms. When such wall-less or-
ganisms occur in nature, they are referred to
as L-forms.

Members of the family Mycoplasmata-
ceae have no cell walls.

Spiral-shaped bacteria such as vibrios
may appear in the form of short, incomplete
spirals. Others may appear as a thick,-rigid
spiral (spirillum) or a thin flexible spiral
{(spirochete).

Introductory Microbiology —29
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62 Surface-Assocmted v ﬁevér’al microorganisms have a variety of -
: Structureg i ace-associated structures. These include
, b, capsules, shmes. ﬂagella. and plh

6.21 : Ca,psﬁléé 'i"i Some bactena are surrounded by a vis-

. . ' scous layer termed d capsule or a slime layer

: whlch may serve a variety of functions,
? - '
. ) L A
" 7
A
an p N .

6.22 Flagella : Some bactena produce hair-like append-
ages dalled fldgella which serve as organelles
of ’locomotxonw (Microbial Physnology, Sub-
toplc 6.227)..,

A
g
Ay
. oy
* » “
40 :

B. ENRICHMENT INFORMATION

¢

Capsules are structures with a definite
spherical shape surrounding the cell. The
slime layer has no definite shape.

Most capsules and slime layers are com-
posed of complex polysaccharides. Some are
composed of polymers of glutamic acid, e.g.,
Bacillus anthracis.

Capsules may serve as extracellularly
stored reserve food, may protect cells from
dehydration and phagocytosis, are fre-
quently related to virulence, and can be used
in vaccines; some capsules are in commer-
cially important products, e.g., the blood
substitute dextran.

The synthesis of capsules is greatly influ-
enced by the bacterium’s environment,

Flagella originate in the cell membrane
and are not visible with an ordinary micro-
scope without the aid of special staining
procedures,

Flagella may be found jn various arrange-
ments, This property is used in bacterial
classification. Bacteria displaying a single
flagellum at one end of the cell are referred
to as polar monotnchousqs there are more
than one at one end, it is polarly lophotri-
chous; if there is one or more flagella at each
end of the cell, it is amphitrichous; if flagella

rted all around the cell, the arrange-
ment is referred to as pentnchous

A few motile bacteriaMack flagella and
move :nstead by a gliding or flexing motion.

Motile bacteria represent the simplest ex-
ample of microbial behavior in nature in
that they are capable of taxis (a motile re-
sponse to an environmental stimulus) (Mi-
crobial Physiology, Subtopic 6.223).

Flagella are composed of the protein fla-
gellin, They appear as semirigid, noncon-

Introductory Microbiology —31

C. PRACTICAL ACTIVITIES

\ .
Staining techniques may be used to dem-
onstrate bacterial capsules and/or slimes.
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o I tractile, hollow fibrils and consist of a ho
: : like structure and a long filament.

-

. - . The ability to produce _ﬂagella is geneti- .
. . : cally determined. Flagella remain attached .
I to the cell lfthe cell wall is removed ] R
6.23 Pili Certain bacteria possess filamentous sub- Pili have naspeclﬁc arrangement They Electron micrographs may be -used to -
’ . microscopic appendages known as pili, generally protrude all around the cell, origi- show that not all bacteria. possess pili, pili
which have several functions. nating from the cell membrane, and are com- are thinner and more numerous than fla-
posed of the protein called pilin, , gella, and piliated organisms tend to attach
- . One kind of pilus, the sex pilus, serves in to other objects such as inert surfaces, living
' the transfer of genetic material during co cell surfaces, and otHgr bacteria.

. jugation (bacterial mating). It has been spec-

ulated that pilation is related to virulence, )

! since pilated organisms are known to attach &
more efficiently to mammalian cell surfaces.

PrRLARS oc I

63 Cell Wall g Most bacteria have rigid cell walls with a Bacterial cell walls are made of complex
S unique chemical composition. This chemical polymeric substances known as peptidogly-
composition is frequently used in the classi- cans, which are responsible for their rigid
fication of bacteria. ) nature.
The bacterial cell wall contains many dif-
.k . ferent amino acids, amino sugars, carbohy-
) ;} é’ drates, and lipids. Djaminopimelic _aci%
: (DAPA), muramic acid, and teichoic .acid
¢ are unique to the bacterial cell wall. Pepti-
doglycans are very large polymers composed
of three kinds of building blocks, acetylglu-
cosamine (AGA), acetylmuramic acid
_ (AMA), and a peptide consisting of four or FS
five amino acids of a limited variety. Amino
acids are of the b configuration, which is not
usually found elsewhere in nature.

Gram-positive bacteria have a cell wall
composed almost entirely of a thick layer of
peptidoglycan to prevent osmotic lysis. Tei-

. choic acids are also components of such cell
’ . walls.
L Gram-negative bacteria, have a multilay-
) ered cell wall consisting of ?'hm inner layer
ks ! of peptidoglycan to prevent osmotic lysis
H surrounded by an outer envelope of lipo-
; i polysaccharide and protein (which may help
. ’ to retain certain essential enzymes and pre- .

Q A 7 Introductory Microbiology —33 v d 8
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6.4 Internal Structure

-

Cytoplasmic Membrane

6.42 Mesosomes
6.43 Nuclear Region and Ri-
bosomes
Q )
ERIC
" 49

~

O

"A. ESSENTIAL INFORMATION °

Internally, microorganisms may contain
several structures including the cytoplasmic
membrane, mesosomes, nuclear region, and
ribosomes.

2 Immediately beneath the cell wall is a
thin semipermeable membrane,.the cyto-
plasmic membrane, that regulates the pas-
sage of materials into and out of the cell
(Microbial Physiology, Topic 6).

Mesosomes are internal extengions of the
cytoplasmic membrane which are associated
with a variety of cellular processes.

.

The cytoplasm is cpntained within the
cytoplasmic membrane. Components found
in the cytoplasm include the nuclear region,
which contains DNA or the cell’s genetic
material, and ribosomes, which are involved
with protein synthesis.

B. ENRICHMENT INFORMATION

vent some toxic ‘substances from entering
the bacterium), Gram-negat.we bactenal
walls usually lack teichoic acid. -

The lipid component of the outer mem-
brane of the gram-negative cell wall may
also play a role in bacterial patHogenicity by
acting as an endotoxm ,

The cytoplasmic membrane is semi-
permeable, composed of three layers, and
houses a large number of enzymes including
cytochromes and permeases. The bacterial
cytoplasmic membrane, composed of pro-
tejns and lipids, is a typical biological mem-
brane similar to those found in other cells.

A cell may be killed by damage to the
membrane from harsh treatment with phys-
ical or chemical agents.

The’ cytoplasmic membrane invaginates
to form various structures, i.e., mesosomes,
photosynthetic lamellae, and vesicles, and
frequently forms expanded tubules.

The mesosome system is mtncately as-
sociated with bacterial nuclear material and
its replication. Mesosomes are also involved
with the beginning of cross wall formation.

The cytoplasmic area is granular in ap-
pearance and richi in RNA. The nuclear area
(nucleoid) is rich in DNA. The fluid contains
dissolved nutrients. °

The nuclear region is not surrounded by
a nuclear membrane and consists simply of
a single, long, circular molecule of DNA
(which codes for protein synthesis). High
magnification with the electron microscope
may reveal the nuclear substance to be a

Introductory Microbiology —35

C. PRACTICAL ACTIVITIES

Electron miérographs may be uﬁed to
show the cytoplasmic membrane.
. ! ‘

Electrony,
show that mg 4y be lamgllar mem-
branes, expantad’ u ifie-Or vesicles. '

Electron micrographs can be used to show
that the cytoplasm contains all cellular
structures and materials, including the nu-
cleoid.
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Er}dospores

Heat Resistance

Sporeforming Orga-
nisms ~

Viruses
Characteristics

51

. o

A. ESSENTIAL INFORMATION

.
.

o

Certain gram-positive bacteria produce’

highly resistant and refractile thick-walled
oval bodies termed endospores.

The endospore wall contains a unique
chemical known as dipicolinic acid (DPA)
which is lacking in vegetative cells. A large
amount of calcium is also present and is

believed to form a calcium DPA-peptidogly-

can complex.

Common sporeforming organisms include
Bacillus (aerobic), Clostridium, (anaero-
bic), and various genera of the cyanobac-
teria.

Viruses are submicroscopic (may not usu-
ally be seen with the light microscope).

Gsually de

i . |

"B.EN RICHMEN’I‘ INFORMATION

delicate fibrillar structure (bactenal chro~
ome).

‘RNA in ‘combination thh protem ‘forms

Y/

subrmcroscoplc bodies, nbosomes, whlch are
y packed througﬁout the cy-
toplasmic arfa. Aggregates of ribosomes-are
known- as- polysomes and are intimately as-

- sociated with protein synthesis.

Other inclusions are photosynthetic la-
mellae, vesicles, lipids, PHB granules (poly-
B-hydroxybutyrate), glycogen, and meta-
chromatic granules (reserve food material).

Endospores are surrounded by many
laters of protective material, e.g., exospo-
rium, Spore coat, spore cortex, etc, These
protecf§e layers are apparently responsible
for resistant to chemical and physical treat-
ment. *

Endospores may germinate to become
vegetative cells under suitable conditions.
Heating endospores to near the boiling tem-
perature for a few minutes may enhance
germination (heat shock).

%

Endospores of Clostridium species caus-
ing tetanus and gas gangrene may germinate
in deep puncture wounds (anaerobic condi-
tions) leading to disease production. The
resulting vegetative bacteria produce the
specific exotoxins responsible for the disease

state.
3

.

The smallest virus which has been ob-
served with the electron microscope is about

Introductory Microbiology —37
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C. PRACTICAL ACTIVITIES  _

Laboratory experiments may be used to
show that endospores are resistant to a va-
riety of chemical and physical treatments.

\

Electron micrographs may be used to
show the submicro‘scopic, intracellular na-

752
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The Virion .

Vition Structure

Nucleocapsid

Nucleic Acid Content

Lo
* (A ESSENTIAL INFORMATION

The mature transmissible virus particle is
known as the virion.

Mature transmissible virus particles or
virions consist of a protein ‘toat, called a
capsid, which swrrounds the nuclelc acid of
the particle.

~

The structure ¢omposed of nucleic acid

surrounded by the capsid is the nucleocap-
sid.

Individual virus particles contain DNA or
RBRNA but never both. The nucleic acid com-
ponent of virus particles is used as one cri-
terion for classification.

B ENRICHMENT INFDRMATION
0.01 gm in diameter (foot-and-mouth disease
virus). -
\ ‘Larger ones mclude vaccinia (cowpox)
and variola (smallpox) (0.2 to 0.3 pm).
Host cell nucleic acids and organelles are

 directed by the viral genome to synthesize

new viral components. Such activity even-
‘tually may result in the death ‘of the host
cell. Depending on the. virus and host cell
system, virus particle release may be abrupt
or gradual.

Bacterial virions may be divided into two
groups, lytic virions and temperate vitions.
Lytic bacterial virions generally destroy the
host cell after the completion of the repli-
cation of new virions. Temperate bacterial
viruses, on the otiter hand, do not replicate
themselves but integrate into the host cell
genome and remain integrated for an indef-
inite time.

Most viruses have capsids. Proteins of the
capsid confer specificity to the virus.

Some viruses, such as bacterial viruses,
shed the capsid outside of the cell after host

penetration, whereds in other viruses the
uncoating occurs within the host cell.

General sh of nucleocapsids in;:iude

helical, polyhedral,~filamentous, or binal,

which is a combination of helical and poly-
hedral shapes.
Certain nucleocapsids are quite complex.
\Some bacterial viruses, the bacterio-
phages, are composed of head, neck, collar,
sheath, base plate spikes, core, tail fibers,
and pins.

The structure of nucleic acid in different
viruses may be either linear or circular.

Viruses are classified on the basis of
whether they have double-stranded or sin-
gle-stranded DNA or RNA.

Introductory Microbiology —39

C. PRACTICAL ACTIVITIES <
ture of viruses. The filterability of viruses
can be demonstrated with the use of special

filters.
\

Electron micrographs may be used to
show that the capsid is made up of protein

_ subunits called capsomers and that certain

virions, such as the herpesviruses, also may
be covered by an additional component, the
envelope or peplos, which may be derived
from host cell membranes.

Electron micrographs ay be used to
show the variety of shapes, sizes, and orga-
nization of nucleocapsids.

a
[N
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Envelope

Viral Replication '

Effects of Viral Replica-
tion i

A. ESSENTIAL INFORMATION

Some viruses have an irregular outer
lipid-containing "envelope, which encloses
the viral capsid if present and the viral nu-
cleic acid core. The presence of an envelope
is one of several criteria used.for classifica-
tion.

All viruses are obligate intracellular par-
asites.

Certain viruses gaining entrance into sus-
ceptible cells may bring about the formation
(replication) of new virus particles, which
may or may not be accompamed by imme-
diate cell death. s

X

B. ENRICHMENT INFORMATION

Many mammalian viruses have an enve-

lope (mantle). Such viruses are referred to
as enveloped or mantle viruses. Envelopes
appear to be derived from the host cell cy-
toplasmic membrane or nuclear membrarie
(depending on kind of virus and cell).
Membranes contain lipids or lipoproteins

and are composed of structural units some-

times called peplomers. Such viruses are
sensitive to lipid solvents and are sometimes
referred to as lipoviruses.

All viruses have a certain host range (host
specificity).

Some viruses can penetrate and replicate
in one type or kind of cell. Such viruses are
referred to as monovalent viruses.

If viruses are capable of infecting and
replicating in two different types of cells,
they are known as divalent, and if they
penetrate and replicate in many kinds and
types of cells, they are referred to as poly-
valent viruses.

Cytopathic effects range from no observ-
able physical change to complete cellular
destruction.

Virus replication differs with the type of
virus and type of host cell involved. For
example, one form of animal virus replica-
tion may start with adsorption, penetration,
particle uncoating before penetration into
the nucleus, DNA incorporation and tran-
scription, RNA transport, synthesis of struc-
tural protein (capsid) and nonstructural pro-
tein (DNA synthetase), transport of struc-
tural protein and DNA synthetase into the
nucleus, DNA synthesis, virus assembly in-
side the nucleus, envelope attachment as
virus particles leave the nucleus (the nuclear
membrane may become the envelope), and
release. .

With certain viruses, cell lysis results in
the concomitant release of new viral parti-

Introductory Microbiology —41

C. PRACTICAL ACTIVITIES -
Electron micrographs may be used to
show the properties of envelopes such as
attachment spikes or projections and indi-
vidual units known as peplomers.

¢

~

Laboratory experiments and electron mi-
crographs may be used to show viral repli-
cation, e.g., plaque formation and pock for-’
mation in the chicken embryo.

Laboratory experiments and micrographs
may be used to show the range of destructive
cellular effects caused by viruses, which are
called cytopathic effects (CPE).

7’
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. Provirus

Fungi

Characteristics

Multiple Forms

-3

o

A, ESSENTIAL INFORMATION

1

Viral DNA within the cytoplasm or in the
nucleus may integrate into the host DNA
and become a part of host DNA. Such a

" segment of DNA is referred to as a provirus.
The presence of a provirus may change the

host cell characteristics.

* Pungi include molds and yeasts.

The fungi include unicellular and multi- .

cellular forms,

B, ENRICHMENT INFORMATION .
cles. With other viruses, viral particle niat-
uration and release are relatively slow. .

A provirus remains as part of the host
DNA replicon indefinitely, or it may be
spontaneously or intentionally induced to
enter the lytic cycle. New .virions derived
from such a cell can invade a new host cell
which does not contain the same vxrus (host
cell immune response). However, a host cell
containing another type of provirus may be

infected, establishing double lysogeny.

Invaded host cells may display cytopathic
effects (CPE) and may produce chemical
compounds which interfere with viral repli-
cation (interferon).

Various physical and chemical agents
may induce viral replication and consequent
CPE.

The exposure of seemingly uninfected
cells to irradiation may bring about the ac-
tivation of previously undetected viruses.

Some molds. produce useful ,antibiotics;
others are parasitic and pathogenic.

Certain molds under various environmen-
tal conditions exhibit dif(s.rent characteristic
shapes (dunorphmm)

Most yeasts can grow aeroblcally, or an-
aerobically, or both.

Hartwell, L. H. 1974, Saccharomyces
cerevisiae cell cycle. Bacteriol. Rev. 38:164-
198.

Certain yeasts may be pathogenic.

Yeasts are used industrially for several
processes including the manufacture of oils
and fats, feed supplements, and alcohol and
vitamin production.

Several fungi produce large fruiting struc-
tures, e.g., mushrooms, bracket fungi, etc.

Some fruiting structures are as large as 50
cm in diameter (puffballs), and are made of
a mass of mycelia.

Introductory Microbiology —43

C. PRACTICAL ACTIVITIES

Laboratory cultures and experiments may
be used to show that molds are filamentous
or thread-like, achlorophyllous mycelium-

_ producing microorganisms and that repro-
- duction can be asexual and/or sexual. Yeasts

are primarily unicellular and generally re-
produce asexually by budding. There are
filamentous yeasts.
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- A. ESSENTIAL INFORMATION

The. structural units of most mature
molds are the hyphae which may or may
not have cross walls (septated or nonsep-
tated).

\

All fungi except those of the class Deuter-
omycetes (Fungi Imperfecti) can multiply
both asexually and sexually. Members of
this group lack sexual fruiting bodies. The
reproductive patternof the fungi form the
basis of their classification.

The Mterotroptﬁc.

B ENRICHMENT INFORMATION

Some fungi are edible, whereas others lu:e
axtremely poisonous.

° Most members of the class Phycomycetes
(bread molds, water molds, etc,) lack cross
walls,

Filamentous fungi in the classes Asco-
mycetes and ‘Basidiomycetes are septate.
The members of these classes include some
yicellular forms (yeasts) as well as molds.

« Asexual reproduction may involve binary
fission, budding, spore formation, and the
fragmentation of vegetative hyphae.

Yeast form buds on the surface of the
main or mother cgll. Upon maturity buds
are called daughter cells and have genetic
constituents identical to the mother cell.
Buds break off from the mother cell at ma-
turity. Under suitable conditions, the
mother cell can reproduce as many as 18
daughter cells by budding.

In asexual reproduction spores may be
zoospores, which become vegetative cells.
Many fungi produce nonmotile vegetative

spores. Spores may be borne on the tip of

modified hyphae (sterigma) or enclosed in a
sac (sporangium), ’

Fungi can carry out meiois (chromosome
reduction division, 2N — 1N).

In some groups sexual reproduction oc-
curs by the fusion of fertile hyphae from +
and — strains of the organisms. Zygospores
(2N) or zygotes (2N) result.

Some sexual reproduction occurs by the
fusion of two isogametes (gamete morphol-
ogy is indistinguishable, e.g., slime mold) or
by heterogametes (zoospore and egg).

Sexual spores may be enclosed in a struc-
ture. The type of enclosure is used in the
differentiation of fungi.

Fungi are extremely versatile organisms
and are able to decompose a variety of com-

; Intreductory Microbiology —45

C. PRACTICAL ACTIVITIES

Microscopic examination of laboratory
cultures may be used to demonstrate the
presnce or absence of septa.

N

Asexual and sexual reproduction may be
demonstrated by growing a “+" and a “-"
strain of Rhizopus on the same plate.

Nz

Its
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A. ESSENTIAL INFORMATION

- 1 plex materials, thereby

.

v

Most fungl are aerobic, osmophilic, and
acidophilic. :

v

The algae are photosynthetic unicellular
or multicellular organiams. Some are fila-
mentous or appear in colonial arrangements.

Pigments and morphology are used in algal
classification,

Multicellular algae exhibit a variety of
shapes, ranging from single filaments to di-
chotomously branching large structures.

Algae reproduce by both hsexual and’sex-

ual means.

‘.

B ENRICHMENT lNl"O tMA'TION
Gtioning as india-
pensablé decomposers in our ecosystems,

Bauchop, T. 1070, Rumen anaerobic
funql Appl. Euviron, Microbiol. 38:148-188,.

Fungl use molecular oxygen as a final
electron acceptor in their respiration.

Punkl are important in the food, industry
becausa of spoilage effects with syrup, mo-

lasses (high-sugar products), snuerkrnut or- °

anges, and lemons,

Fungl rarely spoil canned goods becnuae
of the anaerobic nature of such processed
foods, but they are capable of forming toxic
products in stored‘grains.

Maggon, K. K., 8. K. Gupta, and T\ A
Venkitasubramanian. 1977. Biosynthesis
of aflatoxins. Bacteriol. Rev. 41:822-856.

All algae contain discrete hbroplasta

‘which can contain chlorophyll @ and some

otfier chlorophylls (b, or ¢.-of d, etc.).

Many algae possess accessory pigments,
e.§., carotenoid (yellow-orange), fucoxanthin
(brown) and phycoerythrin (red).

Algae share many properties with green
plants; these include cell walls containing
cellulose, chlorophylls a and b, and other
pigments confined to chloroplasts and the
production of starch in photosynthesis.

Unicellular algae can reproduce asexually
by fission.
Multicellular algae may reproduce asex-

ually by zoospores or fragmentation, Sexual

reproduction may be by fusion of isoga-
metes. Multicellular algae may be hetero-
gamous (eggs and sperm),

Certain green algae (Chlamydomonash
can reproduce by fusion of two zoospores to
produce a 2N zygote.

Some multicellular algae, e.g., aggregates
of similar cells, can reproduce sexually by

Introductory Microbiology —47

C. PRAOTICAL ACTIVITIES

Laboratory experiments mnsr be used to
show that many fungl can tolerate or prefer
a high-sugar or high-sait environment.

4
S

Lab(:"nitory experiments may be used to
demonstrate algal motility.

Examination of field or preserved speci-
mens may be used to show that many algae,
especially certain marine species, are not
ponly multicellular but morphologically dif-
t‘ereutmted into holdfasts, stipes, and cysts.

Examination of p\:epared ‘microscope——

lides may be used to show that most uni-

cillular algae reproduce by transverse bi-
fission; some reproduce by longitudinal
fission.
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Phyatology and Cultiva-
tion

Protozoa
Characteristics

Means of Motility

3

“
1 .

A BHHENTIAL INFORMAYTON

Somo algae oxhibit alternation of generas
tions in tholy life oycle, Such algao oxint in
hoth haploid (IN) and diplokd (2N) staton,

Algne ave photoautotrophs (Microbial
Physiology, Subtopics 5.4 and 5.61).

The protozoans are unicellular, nonpho-
tosynthetic eucaryotes.

Y

N

Protozoans use a variety of means for
locomotion which serve as a basis for their
classification. T_}ie protozoans can be sepa-
rated on the basis of motility into four
groups: Sarcodina (pseudopodia), Ciliata
(cilia), Mastigophora (flagella), and Sporo-
zoa (some movement by pseudopodia only

B KNRIOHMUENT INFORMATION
conjugation, Zygospores are produced upon
funlon of two gameton in reciplont colls,

I most algne, the conspicuous (visible)
goneration is the vegoetative struoture (IN),

Somo zygotos may dovelop thick walls
(cysts) to become metabolleally dormant
colls. Cysts may gorminate when the envi-
ronment becomon favorable,

Photosynthesis requires light as an energy
source, chlorophylls, water, and carbon diox-
ide. Tho end products formed are sugar and
froé oxygen. Sugar may be polymerized and
stored as polysaccharides, e.g., starch.

Some algae may store lipids.

Chloroplasts, like mitochondria, are ca-
pable of self-replication because they con-
tain functional DNA and RNA.

Some algae possess structures known as
pyrenoida which may be involved in poly-
merization of glucose to starch.

Most media for algal cultivation are com-
posed of inorganic compounds containing
bulk elements (C, N, P, S) and some trace
elements including Fe, Mg, Zn, Cl, K, Mo,
and B in addition to water. Algae can be
grown on solid or liquid media.

t,

The cyioplaem of most unicellular proto- -

zoans is divided into two regions: the inner
fluid zone- (endoplasm) and the outer or
peripheral zone (ectoplasm).

Some protozoans have an external cover- -

ing known as a pellicle which may be com-
posed of lipoprotein,

Most protozoans are motile during at least
one stage in their life cycles.

Some protozoans move by means of flag-
ellar motion, whereas others move by means
of the sweeping motion of cilia. Both flagella

and cilia consist of complex inner fibrillar ~

structures not seen in procaryotic flagella.

» Introductory Microbiology —49

O, PRACTICAL ACTIVITUN

Laboratory experiments may be used to
show that algae are phototrophic and most
do not'require organic compounds in thedia.

\ .

Examination of living and/or preserved
specimens may be used to show that all
protozoans lack rigid cell walls, some contain
pellicles or periplasts equivalent to a cell

-wall, and others have a cell membrane as

the outermost structure.
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Reproduetion

" slfteation oritorla,

L=

Mugro- and Mierowgelol |, Sowo protozoans ave multinuelented.

A, BHHENTIAL INFORMATION
I lmmature gtagos, male gumetes are flag-

Protoaowpa rapraduce by bhoth asexual
and soxual thonnw, The mothods of repro-
duetion und ussocintod structures aro ol-

- the par

w | o

I, lllNIHUI!MIﬁN’l‘ INFORMA'TTON
Flagella and oitla appear to oviginate in basal
grannles in the sotoplasin, :

Y

Protoxoaus oan mwmbtiply asexually by bi
nary fisslon, Budding may produce individ.
uals oxogonously or eridogenously, Multiple
fisslon occwra from the formation of multi-
wielonto organlsg, Subsequent cloavago ve-
nul\a in the formation of many. uninucleate
individualy,

Genotlo recombination can result from
tal undon of two colls (conjugation).

Ciliatea) contain both maero- and miero-
nuclel, Mbovomiclel play a-role ln motabo-
lism and developiment. ‘Thoso colls with only

O, PRACTIOAL ACYIIVITIM

Iixamination af Hving or prepavedanioro-
peopo sliden may be wiod to show iexuhl
roproduction, which neluden binary fisslon,
multiple fssion, budding, avd plasmotomy,
Sexual reproduction oan ocour through con-
Jugntinsiy, nyngamy, mnd mifogamy, "o

r .
lixamination of Tiving culturon, preparad
mieroscope slidos, or olectron micrographs
may bo wned to show that cillaten havo at
loast ono macronuclous.

pr macronuclol ave unable to conjugate. Colls
with micronuclol can conjugate. Diploid mi-
cronuclel underge melosis and mitosis, ro-

sulting in two haploid nuclel (conjugal paiv). ‘
One of theso 18 exchanged during conjuga-
- tion, forming a how diplold nucleus, which \ ;
- undergoos a comploex sories of nucloar divi-
siona,
10.3 Life Cycles Protozoans cm&bc free-living or parasitic. With a fow oxceptions, most membersof -

-Sarcodina, Cihata, and Mastigophora are
free-living, saprophytic scavengers in their
respective habitats. All members of the Spo- B
rozoa are parasitic, x
Many protozoans have stages, namely tro-
phozoite (active feeding stage) and cyst. .
Cysta are surrounded by. thick walls and
are dormant. Encystment occurs in an un-
favorable environment, and excystment oc-
\ : LI curs when the environment becomes favor-
4 ‘ able, . ' '
’ Many protozoan parasites have twd dif-
/ ferent types of hgsts: definitive, or {igfal, and
' intermedfate. The latter provides the envi-
ronment for the immature or larval stage. . & ,
Some protozoans produce serious and dis- =,
abling diseases (malaria, African sleeping
. sickness, amoebic dysentery, vaginitis, gas- ' ﬁ
l ]

o i ' Introductory Micrqb.iolo'gy —51 - . L« 6 )
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A. ESSENTIAL INFORMATION

All protozoans are heterotrophs. Some
ingest particulate material (holozoic); others
absorb dissolved nutrients.

‘Nutrition and Cultiva-
tion

10.4

. B. ENRICHMENT INFORMATION

tro-intestinal diéturbénces, and en-
cephalomeningitis [ Naegleria infection)).
Hawking, F. 1970. The clock of the ma-

- larial parasite. Sci. Am. 222:123-131.

In some species (ciliates), food particles
may pass through the peristome (oral
groove) to the ¢ytostome (mouth) and then
into the cytopharynx (gullet). Ingested solid
food particles ére enclosed in food vacuoles.

a‘:zp: Wastes are eliminated via the cytopyge (anal

Teehniques s A variety of techniques and media are
' utilized for protozoan cultivation.
!@g Dyer, C. L., and G. L. Butler. 1980. A
culture method for freshwater microinver-
‘ tebrates. Am. Biol. Teach. 42:52.

10.41

'M-i;robial Ecology
¢ Concepts of Ecology

11.0
111 Microorganisms are ubiquitous in nature
and are often associated with the other living -
forms in their natural habitats. The major
natural habitats within the biosphere are
aquatic, terrestrial, and biological (in or on
living systems) (Introductory Microbiology,
Topic 25)

m)} )
OtRér protozoa ingest food by phagocy-
tosis or pinocytosis.

Nutrients used are similar to those for
cultyring of procaryotes.

Sources for organic particlcs can be living
(algae, bacteria, and other protozoans) or
non-living (crushed or ground matter such
as rice, wheat, etc.).

. Subdivisions of habitats are called mi-

‘ttoenvironments. Microenvironments serve

as integral parts of all habitats in ecosys-
tems.

Imshenetsky, A. A, S. V. Lysenko,
and G. A, Kazakov, 1978. Upper boundary
of the biosphere. Appl. Environ. Microbiol.
36:1-5.

Within microenvironments, microorga-
nisms occupy specific niches. The niche of
an organism is determined by genetic and
physiological adaptation of the organism to
either fixed or variable environments.

Examples of adaptations to microenviron-
ments inglude organisms that are halophilic
(well adapted to a high-salt environment)
and osmophilic (adapted to a high-sugar en-
vironment).

Some organisms are psychrophiles
(adapted to cold temperatures), some are
mesophiles (adapted to moderate tempera-

Introductory Microbiology — 53
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C. PRACTICAL ACTIVITIES

Laboratory culture of environmental sam-
ples may be used to show the major habitats
of microorganisms within the biosphere.
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A. ESSENTIAL INFORMATION

S
o

\

Mlcroorgamsms comprise an integral part
of the biotic community, which togéther
with the abiotic (nonliving) wanfs

form ecosystems.

Symbiosis refers to the living together or
to the association of two dissimilar orga-
nisms with & certain degree of constancy.
Symbiosis may be divided into two general
types: ectosymbiosis, in which one organism
lives vn the external surface of another or-
ganism, and endosymbiosis, in which one
organism lives inside the cells, tissues, or
organs of another form of life.

B. ENRICHMENT INFORMATION

tures), and others may be thermophiles
(adapted to high temperatures).

Certain organisms preferentially thrive in
acidic environments, whereas some thrive in
neutral environments and others thrive in
alkaline environments,

Biotic components in ecosystems are di-
verse and range from the simplest (cells) to
the most complex (community),

Microorganisms that serve as primary
producers (blue-green bacteria) represent
the first step’in the pyramid of food levels
supporting all other living things.

Microorganisms function as important de-
composers.

Abiotic components in ecosystems tend
to function as selective factors by making
ecosystems conducive for certain kinds of
organisms and undesirable for others.

The acid pH of fruits in. the presence of
air tends to be highly selective for Acetobac-
ter species. The temperature of water in hot
springs in Yellowstone National Park is
highly gelective for thermophilic bacteria,
e.g., Thermus aquaticus.

Many fungi are ectosymbionts of plants.
Although they grow around the root system
with little penetration into the host tissue,
the association is beneficial to both fungi
and plants, i.e., increased mineral uptake by
plants (mycorrhizal association).

Certain bacteria, e.g., members of the ge-
nus Rhizobium, establish endosymbiosis
with leguminous plants. The bacteria infect
the roots of legumes and establish them-
selves intracellularly in the plant tissue, pro-
ducing root nodules. The bacteria are capa-
ble of fixing gaseoug nitrogen, and the fixed
nitrogen is provided to the plant. The asso-
ciation is beneficial to both plant and bac-
teria (mutualism).

Endosymbionts (bacteria or algae) of cer-

Introductory Microbiology —55
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C. PRACTICAL ACTIVITIES

Laboratory examination of field samples
such as lichens and leguminous plants may
be used to show symbiotic associations in-
volving microorganisms.
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Patterns of Association

Facultative Associations

Microorganmsms and
Biogeochemical Cvcles

A. ESSENTIAL INFORMATION -~

Symbiotic relationships among living or-
ganisms can be categorized into thrée pat-
terns of association. If an association of two
or more dissimilar organisms or populations
is beneficial to both, it is termed mutualism.
If the association is beneficial to one without
effecting the other, it is termed commensal-
tsm. If the association is harmful to one and
beneficial to the other, the associatior is
called parasitism.

Among the various kinds of symbiotic
associations that are found in nature, some
do not require cell-to-cell contact between
partners.

A particular kind of symbiotic association
may be facultative (nonobligatory) or oblig-
atory.

Biogeochemical cycles are those processes
through which chemical elements are trans-
formed within ecosystems, often through the
metabolic activities of microorganisms.

B. ENRICHMENT INFORMATION

tain . Paramecium species are examples of
symbiotic associations befween two dissim-
ilar kinds of microorganisms. '

Endosymbionts (microorganisms) that
live in the stomach of ruminants represent
examples of a mutalistic association between
unicellular organisms and higher animals.

Lichens represent a unique biological en-
tity that is formed from the mutualistic as-
sociation between an alga and a fungus.

Commensalism may be ectocommerisal-
1sm (attachment of organisms to the host
body) or endocommensalism (organisms
which live in the lumen of the alimentary
tract).

Endomycorrhizae of orchids represent a
highly specific symbiotic association be-
tween certain kinds of fungi and a flowering
plant. Here the relationship is obligatory for
the orchid and facultative for the fungi. Bac-
teria that are classified in certain genera
(Caedobacter, Lyticum, and Tectobacter)
are obligate endosymbionts of Paramecium
aurelia.

Preer, J. R., Jr,, L. B. Preer, and A.
Jurand. 1974. Kappa and other endosym-
bionts in Paramecium aurelia. Bacteriol.
Rev. 38:113-163. P

Molecular nitrogen (N.) represents ap-
proximately 79% of atmospheric gases. The
element nitrogen is an essential constituent
for living cells (nitrogen cycle); microorga-
nisms are responsible for all biological nitro-
gen fixation. Some microbes are capable of
utilizing molecular nitrogen as a sole source
of nitrogen (nitrogen fixers), whereas others
are capable of oxidizing ammonia to nitrite
or nitrate (nitrifiers) and others are able to
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Types of Biogeochemi-
cal Cycles

Biological Molecules
Proteins

Carbohydrates

A. ESSENTIAL INFORMATION

&

Geochemical cycles include carbon, nitro-
gen, phosphorous, and sulfur cycles. Certain
microorganisms are highly specific in terms
of a specific chemical structure (substrate)
that they can metabolize.

Chemical elements released to the envi-
ronment as a result of microbial metabolism
may selectively function as enrichment or
inhibitory dgents for other microorganisms.

Jannasch, H. W. 1979. Microbial turn-
over of organic matter in the deep sed.
BioScience 29:228-232.

Proteins are very large complex organic
compounds composed of numerous small
molecules called amino acids. They are im-
portant as enzymes and as structural ele-
ments of cells.

Carbohydrates contain only carbon, hy-
drogen, and oxygen. They may be small
molecules (monosaccharides) used as struc-

B. ENRICHMENT INFORM.yI‘ION

reduce/nitrate to nitrogen (denitrifiers). Ni-
trosomonas species utilize ammonia as an
energy source, and release nitrite as an end
product. Nitrobacter species utilize nitrite
as an energy source and release nitrate as an
end product (Fig. 1)."

Brill, W. dJ. 1979. Nltrogen -fixation basic
to applied. Am. Sci. 67:458-466.

Carbon is present in rocks and fossil ma-
terial and is also an essential constituent of
all living cells (carbon cycle) (Fig. 2).

In environments where elemental sulfur
is abundant and the pH is between 2 and 4,
Thiobacillus thiooxidans oxidizes elemen-
tal sulfur. Sulfur may exist in various sul-
fates which may be reduced to H:S by cer-
tain anaerobic bacteria. H;S in turn may be
oxidized to S or sulfate by lithotrophic bac-
teria (Fig. 3).

=

There are about 20 different amino acids.
Hundreds or thousands of amino acid mol-
ecules combine to make proteins.

(Microbial Physiology, Subtopics 1.11,
1.21 and 1.33.)
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: 3
. A. ESSENTIAL INFORMATION

’ tural elements of the cell or 43 a stored

energy source,

Lipids are composed of carbon, hydrogen,
and oxygen, but also may contain other ele-
ments such as phosphorus and nitrogen.
They are insoluble in water and are impor-
tant -in intermediary metabolism and in
structural elements such as the cell mem-
brane.

Nucleic acids play major roles in the
transmission of hereditary traits and,the
control of cell functions and protein synthe-
sis.

Microbial cells are composed of proteins,
carbohydrates, nucleic acids, lipids, phos-
phates, and other materials. From 75 to 30%
of the weight of the microbial cell i§ water.

Growth is the orderly increase in cellular
constituents. Normal growth leads to cell
reproduction. Growth of microorganisms
leads to an increase in population.

. !
. r .

4

B. ENRICHMENT INFORMATION

>

(Microbial Physiology, Subtopics 1.13,
1.24, 1.31, and 1.34.) .

(Microbial Physiol%y. Subtopics 1.14 and
1.23 and Microbial Genetlcs. Subtopics 2.1
and 2.2))

Composition of bacterial cells will vary
depending upan the kind of bacteria and the
{omwth medium. General approximations of
co pesition are as follows.

\\tComponem % Dry wt

Water \ 75-90
Protein 35-50
Carbohydrate 2-25
Nucleic acids

RNA 6-26

DNA 14
Peptidoglycan

Gram-positive cells 15-20

Gram-negative cells 0.1-565
Lipopolysaccharide

Gram-negative cells 5
Inorganics

(phosphates) 0.9

In organisms that r ufe\ by binary
fission, growth produces an increasg in num-
bers. Coenocytic organisms increase‘pnly in

individual cell size rather than in celMum-
bers.

Single cells may continue to reprodude
and form visible accumulations such asla
colony (bacteria) and mycelium (fungus).

Introductory Microbioloéy —67

C. PRACTICAL ACTIVITIES-

.

Wet weights and dry weights of a mass of
concentrated bacterial cells can be deter-
mined to show the water content of the cell.

50



" TOPICS AND SUB’{‘OPICS A, ESSENTIAL INFORMATION B. ENRICHMENT INFORMATION
It is possible to measure various aspects .

@

C. PRACTICAL ACTIVITIES ~

131 Measurement of Growth

¢ 1,
: nisms, or. metabohc -rate of the population. A Y ' . ,}
\ Usually séveral techmques are used, and the L i : ,;'." .
results are compared = L
( * e R

Increase in" Mass

of microbial growth.

One chooses the grawp measurement
technigue needed dependmg on whether the
emphasis is on total _numbers, viable orga-

[ L
Measurements of increase in cell mass

‘emphamze growth rather than reproduction.

They may not distinguish living from dead
“cells. ’

Nephelometry and spectrophotomet:ry are ’
the most conVenient and generally used
growth measuring techniques for bactena
The increase in turbldlty of “the cult)
measured.

Spectrophotometers measure the propor-

tion of light which is transmg.tt,ed through a '
filled cuvefte placed 1ln the light' beam.
Nephelometers * (more " sensitive} measurp
the proportion of light deflected .under the
same condmons s

.

re

Direct counts may be done to assist in

r

A sample of washed cells may be dried in
an oven, and the dry weight can. be"dete);-
mined. o ff .

N

A sample of washed cells may‘b&,&ha]yzed
to determin®the tothl nitrogen 2)’ total pro-
tein.

.Lells in suspension scatter hght the
amount of light scattered is proportlonal to
the mass of cells per milliliter of fluid. A
specffi‘bphotometer or nephelometer can be
used to measure scattered light. /

W

13.12 lncrease in W Cell numbers can be measured. by direct The diréct observation of a known volume
. microscopic counting. Culture techniques standardlzmg other methods. They are also "~ of a specimen spread over a known area on’
- . ¥ R o1 . .
. . which test the ability of each organism pres- useful for quantltatmg unusual organismsin  slide can befused to calcula jumbers of
SO -ent to grow to a visible mass or to,metabollze . natural samples or hard-to-cultivate species. orgamsms pé? milliliter. The Pe roff-Hauser o
LN and produce a detectable product are also Au;omated electronic 'parncle countets may countlng chamber is used for direct counts' T
N used (viable counts). These methods are usev _be used. v ®of bacteria andrgther small gcellular orga}} T
“ A~ ful only for unicellular organisms. . Viable counts are much used ifu studles of .nisms. The cou'r‘)xreﬂects b llvmg an/ a R
-, ° ’ water samples, urinalysis, and food quality’ 'deaq,mncroorgams:ms Py
. . determination. A dﬂuted sample is gpread” The plate courit is‘used to determmé the ‘..
. ' on a solid or mixed. info a melted ﬁgar fne-  number of CFUs in a sample. , v
: @ dium, If this is done with medium in a'Petri ’ 3 "/ %‘
. LI Ay plate, it is called a,plate count. Each viable R ot »‘&
) - v organism may grow into'a visible mass of ) Y § f vy
. " ” cells (a colony). The number of colonies K @ : A
: ; after incubation of this medium represents g 5o
! - the number of viable bacteria in the diluted R 5
3 ‘ sample. Because it is difficult to know o . ,
v whether one bacterigm gave rise to one col by oL N
. . ony, the numbef is usually given as colony-" . § e S0 T
, forming units (CKUY. .~ . . i a5
o % . f ? Introductory Microbiology —68 - . N . 8 2 s
ERIC 83 b ~ S
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Growth
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13.21 Nutrition
13.22 %, Physical and Chemijcal
Influences on Growth
13221  Gaseous Atmosphere
Y > .
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é,a.zgz pH '
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A. ESSENTIAL INFORMATlON Y ‘ﬁ B. ENRICHMENT INFORMATION
Mlcroorgamsms are hetero eous in ;! When mrcroorganmms are not growmg be-
therrf phymcal and chemical ‘rg uirements. - ?oause of. inadequate conditions, they are not
Optimum growth occurs only when all ret * nece&sanly dead. Long penodihf metabolic
qmrements are met + inactivity may be tolernted without a loss of

Qlﬂablhty e s

¥

Growth pptterns dlffer depehdmg or{,“ 2-See M;crobml Physxology, Sub- Topfc 3.30
whether putrient sppply is continuous (open a for closed _system information and “Sub-
system). Most natural situations are open;.. “TPopic 3.4 for open system mformatron
most laboratory conditions are closed, .

Microorganisms contain regulatory mech- ~ In natural situations such as bodies of
- anisms that allow them to modulate growth . water, organismsreceive a continuous if fluc-
for survival under changing nument availa: tuating supply of nutrients. Wastes are also

bility. . - -,3-" removed Growth speeds up and slows down,
. - ‘e but rarely stops. Under in vitro conditions,
- 5 when nutrients are consumed, growth stops.

Microbial growth is affected by various
physrcal and chemical factots including the ’
gaseous atmosphere, pH, temperature, and
osmotic pressure. : -

Microbial growth is affected by the coh- . Obligate anaerobes -may be recovered

* centrations of O; COg, and.other gases in from v tlons u;”nature which appear to
the surrounding medium. Mosiz:ggher forms be roblc “,These organisms grow in mi-

of life require Ox many microorgénisms do croenvironments that-are anaerobic. Bacte-
not. Obligate aerobes require O, for growth. roides, an obligate anaerobe, can be isolated
Their metabolism is respiratory. Facultative from the mouth. It irthabits anaerobic crev-
anaerobes grow either with Oz or witholitiit. ¥ ices around the teeth. Many anaerobes are
Growth is usually better in the presence of killed by oxygen

0,. These organisms are wsually fermenta- .

tive in the absence of O;. Obligate anaerobes v

do ndt grow in the presence of oxygen. Mi-

é:roaeropl'nles require reduced O; concentra-

+"tion and may require increased CO; concen- »

’ tratxon Aerotolerant anaerobes are orga-

nisms living totally by ferm pjtatron in the
presence of air. Thiy are not Sensitive to Oz. i)

'r'most organisms the optimum pH for ‘\ Extreme pH occurs in some natural envi-
R ronments. Drainage from mining operations,

° Introductory Microbiology —71
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C. PRACTICAL ACTIVITIES
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i

Aerobic and faeultative anaerobes. must
have an O source for best growth. In liquid

‘culture best ylelds are obtained with small

volumes oﬂ-ﬂurd in large vessels on shakers.
Anaeroblc growth conditions can be pro-
vided in sealed jars with catalytic oxygen
removal or in apaerobic incubators. Thioglh-
collate, chopped meat medrum, and media

covered with mineral oil may be used to .
provide anaerobic conditions. A high-CO-- |

low-O; atmosphere can be provided in a

candle jar by combustion or in specially

designed incubators. %
‘Lennette, E. H., A.

Manual of clinical microbiology, 3rd ed.,
Amencan Society for Mlcroblology, Wash-
mgton, D.C.

Detection of a pH change in media £

usually done with pH indicators:é.g., phenol

b

. Balows, W. J.
Hausler, Jr., and J. P. Truant (ed.). 1980.
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4

Temperature

I L

Al F'SSEN'I‘IAIL INFORMA’I‘ION
specialized orgamsms can tolersdte a pH as
low as 1.0 or as hlgh as 10.4. The internal

_pH of most.microorganisms is close to neu-
‘trullty regardless of the pH of the medlum

A given strain of mxc;odtgnmsm will have _
an optimum® temperature for
Growth will occur betfween its maximum and

Jus

growth,. :

minimum temperature. These potrits are ge-’

netically determined.

The effect of temperature on enzyme ac-
tivity (Microbial Physiology, Subtoplc 4.53)
is important in determining the range over
which an organism will grow. There are
three groups of microorganisms with differ-
ent ranges of growth temperatures:psychro-
philes, mesophiles, and thermophiles.

"One commonly used definition of psychro-

hlles is that they have a growth range
somewhere between —5° and 20°C. Meso-
philes grow between 20 and 45°C. Thermo-
“* philes gow between 45 and 90°C.
Viu
" Osmotic pressure is determined by the
concentration of dissolved particles in water.
Microorganisms are found in environments
of varying osmotic pressures. Most micro-
organisms, with the exception of protozoans,

-, are protected from lysis in diltite environ-

ments by a rigid cell wall, |

Exposure to high osmotic pressure causes_
“loss of water from cells. Thi§¥rests growth.’
The halophilic organisms live in highly sa-
line environments (15 to. 30%, dissolved
salts). They have a specialized membrane
and salt-tolerant enzymes. '

"effect explams the

‘

. . - s ‘W
i ’ " : {
. e :
. L ?

H”'ﬁ ENRICHMENT INFORMATIQN
~h1gh mineral area, and certaln férmenultlon

'fcondmons yield high-acidic’ envu'onments

The inland salt or alkali lakes may hnve a
pH as high as 11

Many important blochemlcal tests: used m
identification of bacterja depend on pH. in-
dicators t& detect production of a,cxdlc or
bnsxc end products l-,

MIC}’OO ‘ganisms grmv
'growth temperafure
témperatures: their ] twn nme-ls ex-
tended from minutes to h"qﬂra, ,Abow the
optimum, growth slows’ eagi}se microorgan-
ism diverts ever-increasing af'nounts of cel-
lular energy to repair heat- inddted damage.

oger their ennre

All types of dissolved colloidal particles
contribute to the osmotic pressure of a so-
lution. Cytoplasm has a relatively high os-
motic pressure, The cell can vary this within
limits by concentrating or excreting K°.
When the external environment contains
more dissolved material than the cytoplasm,
it is hypertonig, and the cell will tend to lose

water to the environment. This drylng effect »

arrests metaboll . *& most orgamqme the
atlve
ing or sufiaring fi Bilute environments

pose a challenge to' a&enal survival. When

the exterior envxronment is hypotonic, w‘ater .

tends to enter the cell Expansion and death
are prevented by “the rigid cell wall. Cell

‘wall-deficient forms of bacteria survive only

Introductory Microbiology—73
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X At suboptlma] ,

lue of salt;”

3

o be ysed for exact readings in liquid me

' o
BEEN

1 L EIY
[oF PRACTICAL ACTIVITIES

red*ls yellow below pH 6.8 and red abov
6.8; methyl red is red below pH 4.5 an
)j’ellow above 4.5. Electronic pH meteri

... Seleg¢tive media for isolation of fungi u: .
-nlly, ‘have. a pH- below 6.0, whereag -mH
general purpose bnctenologlcnl medM:
a pHof 6.8to 74.

Soil or water samples may be plated and
incubated at different temperatures to dem-
onstrate presence of all three types of orga-
nisms. Many psychrophiles are killed by ex-
posure to room temperature, so precautions
must be taken to keep samples and media

cold . 3 ’

{

T A

7

Mannito! salt agar may be used for the
selective isolation of Staphylococcus aureus
from human clinical samples because its
high (7.6%) NaCl concentration inhibits al-
most all other nasopharyngeal organisms.

The osmotic pressure of media for isola-

.

tion of cell wall-deficient organisms, . g . 9», o

Mpycopldsma, must be carefully ad]u%ted i ,f“‘
) ,
L ¢
IZ; ¢ R »
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) B s ' : . ) " in isotonic environments. Examples are the
h y o . ' L-forms and mycoplasmas: \
. 133 _Closed-System Growth: Wlthm a cloged system, the amounts of: All laboratory cultivation of microorga-
. _ | i .vnutrlenta and their energy contents are . . ) ! nisms except continuous culture follows this
- o ‘ i ﬁx.é(l .Growth " produces waste products ' N model.‘I'he phases of growth may be dem-
g +* - - “which accumulate and may be toxic. (Fig. W - - onstrated by mou}lutmg fresh, prewarmed
< -4 ' ' _ medium with an inoculum of log-phase cells
. . . and following the increase in medium tur-
) Statonary bidity. Any other accurate mensuremem of

cell components may be used. B\)*Afé}ung
simultaneous qampleq for plate counts and
direct counts, a good npprox;ma ion of ac-

.

. Ly po

‘ " of bacterna 7 tual numbers may be obtained for eath read-
¢ , . ing.
. L] ‘!:.;A'\T
l«uul ‘ -
.. ) Time ' “
‘ Fig. 43Phases of microbial growth in closed culture.
. 1331 Lag Phase Introduction of a microorganism that di- Each cell in the inoculum must carry out The duration of lag phase is extended if
: . vides by binary fission into a sterile closed internal regulatory shifts to start growth. the inoculum is from an old culture, if the
= system such as a flask of nutrient broth Accumulation of cytoplasmic components new medium is quite different in chemical
' starts growth. No appreciable increase in and increase in cell size begin. During lag composition from the old, or if it is at refrig-

numbers occurs for a short time. phase, new proteins may need to be made. erator temperature. During lag phase, mea-
: A complete round of DNA eplication will surement of cell constituents may increase.
precede the first and every Aubsequgnt cell ¢ :

division:
. Lo DN o ) . ,
13.32 Log -Pha'ée;ﬂ(_Exponential Once growth begins, increase in numbers . - During log-phase growth, readings should (}
- Crowt ')E’&“ I is exponential for a period of time. The :be ;m de frequently because turbidity can. o
.~ culture will commence division at the max- douhlgm as little as 20 to 30 min for some
. imum rate possible given the genetic pgten.. . rbacb’eria Growth curve data may be plotted . 9

g . tial of the’ culture -and the su1tab1hty\5% 't.he “on lmear graph paper with time as, the ab- ’

> medium. ‘T scigsa dnd the log of the turbidity or the log , _
- * of the number of orgampms as the ordinate. 4
plahation ot&‘ Expaq - For most mlcroorgamsms one cell dmdes All populauons grow or decrease expopen- During expopential growth ther l
nential Growth . mto two. ' Thus, during each generatlon tune tially if each change reflects addition or sub-  straight- hne“\relatlonshlp between th@ ¥y

&‘? qlatlon doubles. Starfmg with‘one traction of some cd'ng't,gnt percentage of the  ¢&ell number versus time. . . oo
ritkn” you can illustrate exponentml total individuals present at that time. “ @}‘
- . growtﬁ with the»geometrlc progression: 1, 2 -1f exponential growth proceeded for 48 h, BN

el . 4 8, 16 32...0r 2 2‘ 2%,2°,24,2° .. 2" ' onebacterium that dnvided every 20 min

- lnlroductorv Mlc*)blology-‘%
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13322 Generation{ime

13:33

13.34.
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. 13341

13.4
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Aruitoxt provided by Eic:

Stationary Phase

Sxgiglls
W

“Plath Phase

-
3

Mechanism

Open-System \Gﬂrowth

w0

/
A. ESSENTIAL INFORMATION

The generation time observed is the av-
erage time needed for one cell to complete

“a round of division into two cells. In thig’

time the population in the closed system will
double. The total amount of each cell con-
gtituent will double. *a

wh

Environmental limitations put.gn end to

proaches a horizontal line. During the
tionary phase some cells grow and divide.
Some are active, others die, and the popu-
lation number is unchanged.

exponential growth. The growth curve jfp -

A decline in number of viable cells consti-
tutes the death phase.

An acute shortage of nutrients or high
concentrations of toxic waste products may
trigger agpvlty of aﬁ:tolytlc enzymes causing
cell lysis. - - - N

i

#, tion. ¢

-

Open-system growth occurs when con-
stant environinental condmons are main-
tained, Nutrients are continuously provided,
and wastes are removed. The number: of
cells per unit volume i i kept constant.

v "

Introductory Microbiql‘égyz-"ﬁ'
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. ENRICFIMENT INFORMATION
yield a bacterial mass weighing 4,000
es the weight vf the earth, -

W

neration times for some bacteria may
be ad\short as 12 min. Thug, bagteria can
multjply extemely rapidly under optimum
con'étions. Generation times for other bac-
teria and many eucaryotic microorganisms
may be as long as several days.

Nutrient limitation is the major réstric-
tion for most aerobic organisms. Accumnula-
tion of toxic wastes is the most frequent
cause of growth arrest in anaerobic culture.

The death phase results in a reduction in
viable cell numbers. This phase may or may
not.show, correspondmg decline in total
oell numbers

’I‘he loss of Viability without cell lysm can
sually be attribiited to an mablhty to sup-
Cly the energy necessary to repau' key ge;

etic structures. Whien autolysis occurs, it 5

usually related to low cellular- ATP levels,
signaling activation: of mtracellular lxao
zyme. Clearing of therculture may be quite™
rapld if autolytlcr imechanisms are set in mo-

.

& .

w v

!

C. PRACTICAL ACTIVITIES

Calculate g,enerntlon time as follows
FL

G =
h""
1 .

3.3 lOE,l()bl - logm d

or

~ to

to = time at first measurement

t, = time at second measurement

b = number of cells at ¢

b, = number of cells at ¢,

G = doubling time or generatlon time
n = number of generations

The stationary phage may persist for a
long period.

The decline is usually exponential. Small

numbers of viable cells may persist indefi-
niteljkat the end of the death phase. ~

99

I
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-14.0 Enzymes
“14.1 Definitions
14.11 Catalyst
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14.12 Enzymes

413 Subst}ate
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A. BSSENTIAL INFORMATION
Laboratory devices for produclug open-

gystem growth provide a source of cells in )

the log phase of growth. They allow the
gtudy of a culture under optimum physiolog-
jcal conditiona,

)

\

T'hese are two types of continuous culture
devices, chemostats and turbidostats. They
are used for study of all activities of log-
\{)hase cells.

”

- Ed
A catalyst is a substance that affects the
rate of a chemical reaction without being
permanently altered itself.

'.-a‘.r—".-'--‘.%’v« ] -
Enzymes are highly specified catalysts
produced by living cells. Enzymes have a
protein component and’ .nay or may not
have other components such as metal ions,
vitamin, or carbohydrate molecules.

A substrate is a substance which is altered
in an enzyme-catalyzed reaction.

Gt

v
/

B, ENRICHMENT INFORMATION
The growth rate of the bacteria in the

vonsel adjusts to the rate at which nutrients’

are provided, After a period of adjustment,
the vate of increase 6fSthe cells through
growth will just equal the rate of cell losa.
The cells in a continuous culture apparatus
are in log phase, The dou hﬁg\t%mo is detor-
mined by the growth ¢ dltlony. If all else is
constant, growth rato dcpor}(ls directly on
the concentratiop” of @ limiting nutritional
factor.

—

Y <

Continuous cultur @nq provide a ¢gon-
venient, constant sodrce of log-phase/cells
for study. They are used for resemtéh on
mechanisms of regulation, concentrgtion of
nutrients, selection of growth rate-nlitrients,
and interactions among species in mixed cul-
tures under conditions that simulate natural

environments.

Catalysts are used in a number of reac-

tions of everyday practical interest and in-

dugtrial importance. For example, platinum
wtalytlcally enhances the-oxidation of un-
burned hydrocarbons in automotive ex-
hausts (catalytic converters). Also, the in-
dustriél extraction of apple juice from apple
pulp is aided by treatment with pectin-hy-
drolyzing enzymes (pectinases).

4y
e
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C. PRACTICALL ACTIVITIES

In a chemostat, the flow rate is set at-a
certain value. The rate of growth of the
culture adjusts to the rate at which nutrients
are added. In a turbidostat, an electronic
device rhonitors turbidity, i.e., cell mass, of,
the fluid electromcully signals thy addition
of fresh mednm, fo: mamtam the demred
population enczlty "

.!;:hp i ~

Starch + water — Glucose. This reaction
will proceed at a very low rate in wasm
water. Upon the addition of a small quantity
of amylase, accelerated glucose production
(and starch hydrolysis) is noted. After a
timie, the enzyme can be isolated from the
system with its original activity essentially
undiminished.”

The fact that enzymes are protein.can be
_ demonstrated by their reaction with protem-

" detecting réggents such ag Millorieagent or ~

the Folin phenol reagent. Enzyme solutions
will also exhibit maximum ultraviolet, ab-
sorbance at 280 nm which is characteri
of protein solutions.
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ERIC {
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A FHSENTIAL INFORMATION
An active site i n small grea on tho en-
zymo'n surfnee whioh binds In a highly Hpo-
clfie mannor to thoe substrate, 1 i nlsgeaiied
the catalytie sito.

An allostoriosite is a rogion on thk enzyme
surfnco, apart fromn the activopite,
regulatory substance may Dind and
tho affinity of the enzymoe for the subatrate:

o

Enzymes work by lowermg the requlrod
activation onhrgy. thus facititating the reac-
tion (Microbial Physiology, Subtopic 4.3).

i, Einzymes nre named according to the type
of reaction catalyzed. They usually have the

suffix -ase, e.g,, gelatinase, lipase, etc, -
. 2, . ©

. The most ifn/m&ligw” affecting the
rate-of enzyin#Teaotions are enzyme concen-

tration, substrate concentration, tempera-

M ’ o0t ]

I ENRICUMENT INFORMATION
. Tha aetlve slte oan be ploetired an w strae
tive which matehon up )vitlt i npenltio xﬂm:
plomentary conformation in the substente: '
# “lock-nnd-koy" sort of arvangoment (1%, .
l‘)). .

The allosteric site can bo plulmml 0
shawn in Iig. 6, Note that the active site will
“fit" the' substrate byt not the allostevie
offoctor. T'he uﬂ'uulm/lf bound, results in a
madification of the'thtee- dimensional struc-
ture-of the apoonzy {e. This, in turn, modi-

fies the structure’ of the active site.

\

4 -8

The six basi¢/ clgsses of enzymes are oxi-
doreductases, transferases, hydrolases,
lyases, isomerases, and ligases (Microbial
Physiology, Subtopics 4.41 to 4.46).

ture, and pH (Mlcroblal Phy‘nology, Sub- o

topic 4.6).
. fv“_ o
. by PN . .
Sincesall biochemical reactions are cata-
lyzed by spemfic enzymes, cells can control
their function (metabolism) by changing the

activity or amount of specific enzymes.

Certain potential food molecules can trig-

.

Only a small number of the possible en-

z_vm tic reactions occur in any cell at a given

3. Some enzymes are only synthesized

lg" q:er particular condititins, and others arg
synthesized but mhlbfted from acting.

Escherichia coli does not synthesize the

gerthe microbial synthesis of enzymes nec- / enzymes for lactose metabolism unless lac-

essary for their breakdown, This type of’
reaction is called enzyme induction.

The addition of a compound that is the
end prodiict of a biosynthetic pathway to a
growth medium causes an arrest in the syn-
thesis of the specific enzymes of the path-

Introductory Microbiol¢gy—81

tose is present in its immediate environment
(Microbial Genetics, Subtopic 6.12).

End product repressnon is one of two féed-
back-regulating mechanisms for«: blosym
thetic pathways. It regulates enzyme s;ynthe““r
sis, End product répression is comp'le '

b
s
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. A . *
Active-Site . " Potential Substrates

- Y ., )

B .
Enzyme - A Will not Pind
) Will Bind

—

N L)
Fig. ﬁ‘ Complementary structure of active site and substrate.

¢

+ Allostgric Site

e A ————————

Active Site

Alternate Enzyme Conformations

o] [ ] [=5 ]

, Substrate Effector A Effector B
L 1 . ] L

. If effector A is present, enzymc will be in a

favorable conformation for interaction with the
substrate. If effector B is present, substrate bind-
tng will be reduced because this effector stabilizes
conformation B which cannot bind substrate.

B

Fig. 6. The allosteric site and binding of p‘osilive and negative
effectors.

: r
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A. ESSENTIAL INF*ORMATION

TOPIC /KND sUBTOPICS . /

. 'z'—; _ way. .This type of situation is called repres-
T et : /  sion. ’ ‘ . . -
. .. . S i
“ " . ) . - . i
L // e
LY . . -

T . ¢ . , g
- o / . B .

14.53 The activity of most enzymes is influenced

Controb of Enzyme Ac- -
L i ivity :
U

1 -

End Product Inhibition \Vhen the end pr ’\duct of a metabolic

. ) pathway is present ift‘excess, it may }nhlblt

the action of one of the early enzymes in the

. . pathway. This inhibition involves the alio-

steric site so the inhibitor does not compete
,with the substrate for the active site.

by a variety of small molecules. Some- of
these socalled miodulators’ stimulate enzyme
activity, and some inhibit such reactions.

- 3

L3

ool

14.54

B By

Inhibitors which ar{structurally similar
to the substrate compete with thefsubstrate
molecules for enzyme active sites. As the

* ratio of inhibitor to substrate is increased, a
1 concomitant decrease in° product formation
p v occurs. Competitive inhibition can be re-
versed by increasing the ratio of substrate to
inhibitor. . :

14.55 Competitive Inhibition-

O

ERIC -

Aruitoxt provided by Eic: .

~B. ENRICHMENT INEORMATION

t&ry to end p;oduct inhibition (Introductory
Mlcrobmlogy, Subtopic 14.53).

Both end product représsion and end
product inhibition serve to modulate the

- overall cellular metabolic activity to maxi-

mize the rate of growth through the efficient
conversion of nutrients into cellular mate-
rials (Microbial Genetles, Subtopic 6.11).

¢ 1)

The relative concentratiohs of ATP, ADP,
and AMP determine the ratio of catabolic to
bxosynthetlc acfivity ina cell at a given time.
ADP and AMP tend to stimulate catabolic

. enzymes; ATP tends to inhibit catabolic and

‘\?' (PABA)

»

v’

stunulate blosyaltheﬁaenzymes

/ .

In tfle follo‘&mg react}bn an excess of an
inhibitor (F) interacts with the allosteric site
of the enzyme catalyzing the conversion of
A to B. Since production of B is blocked, C
will not be produced.
A—-B=C=D=E=

Y
]
L ‘\E ’

inhibitor

Consider the following structures:

COOH S0, EH,
NH.

) bulfamlamlde
para- e
aminobenzoic -

ncid

%

3 el
x 4 ' .

Some mxcroorgax}lsms utilize ’PABA as a
substrate in the synthesis of )ic acid, a_
material required for metabolism..The en-
zyme which normally binds ,PABA aW;ts
active site will also bind sulfanil e.
" Therefore, if the ratio of sulfanilafide te.

PABA is high, the probability of the enz’yn}e\

4
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4 ' ' reacting with sulfanilamide rather than with = . -
) s . its normal substrate is algo high. The result i ,
- T , - - ‘ " is a decrease of folic cid synthesis and sup- , '
. . N pression of metabolism. Such inhibition is ‘9
- ’ ‘ based upon the similarity in structure of L
v -normal substrate and inhibitor. Sulfanil-
, . _ i . amide does not effect the supply of folic acid \ i .
’ () * to mammalign cells because they cannot o Y.
' : [ ' . _ convert PABA to folic acid and thus require
tﬁ . . o i | . folic' acid preformed. 3 F})
' 15.0 Metabolism - . . )
15.1 Cellular Chemical Re- .‘Metabolism is the sum of all the chemical In general; microbial metabolism is quite P
actions reactions in the cell. similar to the chemical reactions that occur .
' ’ . ) in higher animals and plants. However, upori™’
- , L3 - examination of individual microorganifms, .
oo T, oo Co \w- . there is a marked diversity of metabolic
£ - . _— pathways and end produéts. This diversity .
h T . is useful in identifying microorganisms such :
“’ , ' : o : ' asbacteria and fungi. Many metabolic path>
' ] ways known to be similar in‘all organisms
. " were first worked out by investigators with
1 ) microorganisms. Eschenichia coli and Sae-
‘. ' charomyces cerevisiae have been particu- W . '
’ ) . ; . } larly uj?ful in metabolic research. |
15.2 Energy ' j‘lnergy is the ability to do work. Microbial movement, growth, and repro-
- ] . duction ogcur only if there is an available
¢ ) energy source. The ultimate source of most
' biologicql energy is the sun. A possible ex-
& ' “ception th this is the deep sea volcanic gases
/ 4 : system Where the driving gnergy is the oxn- :
_ dation -of H.S by bacteria.
- : Ballard, R. D., and J. F. Grassle. 19#9}:}
’ ’ : Return to oases of the deep. Natl. Gebg’r

¥

;o . / . " 1566:689-705.
15.21°  Forms of Energy Ene,rgy"can exist as light-or other kinds of . The form of energy }equired’direqtly for
-, radiation energy, chemicabenergy, mechan- ° microbial movement, growth, and reproduc-
ical\epefgy. or heat. . tion is chemical energy. , : J
15.22 Chemical Bond Eilergy The energy of a molecule ean roughly be /"‘ If a carbon-containing substanée is burned
- . represented as the sum of the forces hqldmg ' (totally oxidized to CQ,), the heat produced
7 its atoms together. is a measure of the potentially useful chem-
ical energy of that substance. ‘
o . Introductory Microbiology—87 . [
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. ESSENTIAL INFORMATION
Endérgonic ‘and Exer- Certain bond formations between atoma

gonic Reactions®

. however, such energy can later be released
, I by b‘eakmg the boncla (exergonic renctnon)
3 -
- R

T . - . [
" . ' .

Coupled Reactions Biological transformations of (.hemlcal en-
ergy can occur because exergonic (energy-
yielding) reactions are linked to endergonic
(energy-requiring) reactions by common in-

termedmtes . : ‘L

' - ‘

P o
These compounds are the most used in-

termediates between exergonic and ender-
gonic reactions. 1

Nucleeside Diphas-
phates and Triphos- ,
phates: ADP, GDP,
UDP, CDP, ATP, GTP,

[

UTP, CTP )
5, ' _ T
Catabolism Catabolism is the sum of cellular reactions .

resulting in the conversion of the energy
from various organic 4nolecules to” enefgy
usable for cellular work. ATP is the ‘most
f,‘useful” cellular energy form available.

require energy input (endergonic reaction);,

. ' o
. *

B. ENRICHMENT INFORMATION
A typical endergonic reaction may be regph

resentod as follows;

A + B + Linergy — AB, .

A typical exergvom(, reaction mny be rep-
resented as follows:
‘BC— B+ C + Energy.

A coupled reaction is the sum of the fol-

lowing events: ' .
Endergonic: A + B + Endrgy — AB
Exergonic: BC — B + C + Energy
Sum:A +BC— AB+ C
:Coupled reactions may also be writtén:
: A . -AB
_BC” eXCTgonic ™3,

The reactions will proceed in the'direction -
of the arrows as long as the energy released
by the exergonic reaction exceeds that re-
quxred by the endergomc reaction. e

The converston of adenosme dlphosphate\
(ADP) to adenosine tnphosphate (A‘l‘
example, provides an efficient short- term en-
ergy storage and transfer n;echamsm in bi-
ological systems. The addition of a third -
phosphate to a nucleoside diphosphate is an
endergonic reaction and can occur only

. when this reaction is linked .to an exergomc

reaction that releases sufficient energy. En-
zyme-catalyzed removal of the t phos-
.phate is exergonic; thus, it can be used to
drive cellular energy-requiring reactions.

o
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A, BSHENTIAL INFORMATION

. . . s
Oxidation. s vemoval ()Ml(&!(.ronn nnd ‘of-

ton protons (EL') from a noledude: Tho oloc-
troun removed must be donated to inother
molecule. This vecipient s snid to bo po-
duced. Thus, an oxidation veaction ll\llH‘i:
ways be accompanipd by a reduction read-
tion. Oxldation- rc(Iu(.tion reactions rostilt in
a trangfor of 0nergy' Much of the energy

involved in the transfel may he lot to. the
system as neat, or If the reaction procoeds in -
a stopwise fashign, sotne of the energy may
be conserved by coupled reactions:

.

Nicotinami(le adenine dinucleotides

- (NAD') are the most comrion immediate

electron acceptors of organic molecules. Re-

o )

o ) -
B ENRICHUMENT INFORMATION COPRACTIOAL ACTIVITIRS
[n biologleal dystoma oxygtin Is one of the An oxidation-reduction ronction ean bo
et avid available accoptovd of eloctrons | vopresontod an foilows:- , .
fmomt. uloolu)nogutlvo) "Phus, an oxidation Al A rg .
in whl(‘h oxygoen onds up with the trans- * S - LK '
fovred gloctrons reluasoens the mtint energy. I R N R I
‘ © = oleetion 4 o e
¥ “He= proton . N
a A= olection donor LI
- . A s o - Ba electron aceoptor i
) . - ' ”
L] .
) e

T'he’use of NAD' and NADP" ai electron
acceptors in catabolic plou.qsu; is very im-
portant to the conservation of energy re-

(Iuced forms of these molecules (NADH and + leased by oxl(latlor( NADH and NADPH do

PH) act as electron donors in other
reactions.

NAD'

U . . *
is made from niacin and is a good

not donate electrons to’ oxygen lir ectlv and
are relatively stable in the abstnce of en-
zymes specific for transfer of the e\ectrom

example of the place of v1tamlm in metab- ¢ to a given substrate. This enables the orga-

()Imm

Cells break down, organic molecules by a

.series of enzyme-catalyzed reactions. A par-

ticular series of 'such reactions is called a
metabolic pathway,
Fermentation and respiration are the two
basic catabolic schemes. R
In fermentative. pathways, the organic

" molecules being utilized as a source of en-

ergy are mcompletely oxldlzed No external
inorganic electron acceptor is necessary (no
0. is required); ATP is produced only by
substrate level pho§phory]atlo (Microbial
Phyiology, Topic 5.25). The nushber of ATP
molecules produced’ per molecule of sub-
strate catabolized is small. Lo

In respiratory catabolism (sometimes
called oxidative catabolism), the organic
molecules being utilized are usually oxidized
completely‘to CO.. The electron transport

nism to maintain control ()f ltq ux1dnt|on-
reductlon reactions. g - R

-

~ - 0

§

~ . Is

“The -type of cahabolism asSociated with
bacterial species is important tot eir char-
acterization. Strict aerobes carry out respi-
ratgry jcatabolism only. Facultative anaer-
obes can utilize either fermentation or res-
plratloh Aerotolerant anderobes use fer-
mentative pathways but are not harmed by
0.. Strict anaerobes use fermentatlve path-
ways and are harmed by 02 A few are able

to respire by using altemate glectron accep-

tors (Mlcroblal Physmlogy, Topic 5.2432).
Twd industrial processes with yeast can

~

. bé used to demonstrate differences between,

fermentation-and respiration. When yeast is
‘used for alcohol production, the vats are

N 3 . Introductory Micrbbiology—91

For (lnucuonq for performing a lactic’ de-
hydrogenase enzymeeassay whigh ‘l dem-
-onstrate use of NAD as an olec tr(y{ujcccpt()r
consult: .

- Bergmeyer, H. U. 1974 Methods of en-
,Lymuuc analysis, val, [J #80. Acu(lemu
Press, Inc., New.York{s

« AN

Slmple labgratory tests can be used to -

determine whether a particular érganism 1s
obtaining energy from fermentation or res-
piration. One sych test depends on the abil-
. Ity or inability of an isolate to utilize a par-
‘ticular, organic energy source léa sealed
tube. Information on og,ldaflon-fe 'qntatlon
(OF) test media can be fourfd in:
Lennette, E H.,, A. Balows, W. J.
Hausler, Jr., and J. P. Truant (ed.): 1979./
. Manual of clinieal microbiology; 3rd ed.
American Socnety for Mncroblology, Wash-
ington, D. C ) -
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1 "

.

Glycolysin (imbxdons

Maoyorhof Pathway)

(/

[

Other Pathways

-

Fermeéntation

1'\)‘ S

A WHAINTIAL INFORMATION
aystein (Mievobinl - Physiology, Subtople
fed) norven to transfer elvotrons to an o
gante electron necoptor, Mont of the A'TP s
praduced by oxidative phasphovylation con.

A

plad to the aloetvon tyansport systom, T'he-

yiold of A'TP pev molpeule of growth mib-
atrato motaho)izoed is much groater than the
yield of ATPE jn formontatiod,

Glycolysls v a pathway for the degrada-

tlon of glucono found In wmost mieroorga-
ulsn, Thore are nine renctions needeod to
convert glicose 1o two pyruvate molocules,

lucose 2 Pyruvate
+ . A

2 NAD ks ——) 2 NADII
‘.< ...

2 ADP 2ATP
+

2P,

)

There is one oxidative step in which
NAD"* accepts a pair of eloctrons from a
threé-carbon intermediate.

The ATP molecules are produced by sub-
strate level .phosphorylation.

The pyruvate and NADH generated have
a different fate in fermentative organisms
than in respiratory organisms. ’

[N b d
Other routes exist by which sugars can be
catabolizg¢d. e

Fermenting microorganisms are unable to
carry out the reactions of electron transport
either because they lack a terminal acceptor

or because they lack the necessary enzymes’

Ld -

B INRICHMENT lNl"‘()l‘tMA"l‘l()N

kopt atviotly amaevoble, 'The ethanol is W
Spraduet of formentation, When yeat in pro-

dueaddor Aale an balcor’ yonat, 1t 11 grown
uneler highly aerobiv conditions, boenuae th

aulumteate addad oan only by abtained if the -

yount living by rospleation,

-
s,

(Hycolyais ix osnontinlly the same in mi-
erbovganismm, plants, snd animals, 1-is m)
eytoplanmule collular process, and the en-
#ymos are not mombrane-hdund, The Inter-

. modintg substraten ave all phosphorylatod.

The pathway can boe divided into three
phanen. The preparative phase converts glu-
cose. to two three-carbon phosphorylated
molecules. This conversion requires two
molecules of ATP.

The oxidative phase converts the three-
cdrbon molecules to the highly reactive 1,3-
diphosphoglyceric ncnd (3-phosphoglyceroy!
phosphate). This requlres two molecules of

_NAD" and generates 2 NADH.

The energy transfer phase results in sub-
strate-level phosphorylation of 4 ADP to 4
A’I‘P o reactions occur whereby energy
and phosphnggnre transferred directly from
the three-carbon intermediates to ADP (Fig.
7). t

i
A unique characteristic of procaryotic
gells is the diversity of catabolic pathways
that may be found in different species.
4

.

Because the energy yield per molecule of
substrate utilized is low, a fermenting micro-
organism must catabolize more molecules of
substrate than a respiring microorganism for

Introductory Microbjology—93

A

4

) '

- PHACUPIOAT, AOTIVITIR

.
-

"R
-

The pathway by which glucose is catabo-
lized may be an important taxonomic char-
acteristic of some microorganisms. Most
members of the genus Pseudomonas char-
acteristically use the Entner-Doudoroff
pathway.

It is possible to identify certain taxonomic
groups of bacteria by their fermentation
products. .

The Voges-Proskauer test for the pres-
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15.45 Tricarboxylic Acid Cy-
cle (Krebs' Cycle, CltrlC
Acid Cycle) '
15.46 Electron Transport and

Oxidative Phosphoryla-
tion
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A }LSSENTIAL INFORMA'I‘ION

or cofactors. They can grow and repraduce -

on the ATP produced by glycolysis or other
anaerobic pathways, but because NAD" is
in very limited supply they must be able to
reoxidize the NADH produced to permit the

anaerobic energy-yielding pathway to con-

tinue. Fermentative microorganisms utilize
pyruvate or other products directly or indi-
rectly as recipients for electrons from
NADH. Thus, much of the pyruvate carbon
can /be found in the reduced organic mole-
culés (fermentation products) excreted by
fermenting organisms.

Pyruvate is converted to acetyl coenzyme
A (CoA) and CO.. The further oxidation of
acetyl CoA is dependent on enzymes of the
tricarboxylic acid cycle. These enzymes are
associated with the cytoplasmic membrane
of procarybtic cells and are in the mitochon-
dria of eucaryotic cells. For each acetyl CéA
oxidized to CO;, 3 NADH and 1 FADH are
produced. These molecules donate electrons
to the electron transport chain. '

Electron transport is a cellular mechanism
for conserving the energy released during
oxidation of organic molecules. Catabolic
processes involving partlclpatlon of the elec-
tron transport chain are called resplratlon
(Microbial Physiology, Topic 6.0).

N P
@
. 3 /‘l’!’.
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B. ENRICHMEN'P INFORMATION

.the same yield of growth and reproduction.

In fermentations there is no exogenous
electron acceptor, 80 ‘the average oxidation
level of the fermentation products must
equal that of the substrates utilized. This
requirement and the fact that no oxygen is
available to.carry out oxidative bond cleav-

age limit the{ange of substrates that can be .

fermented.

The tricarboxylic acid cycle has more than
just a catabolic function. Many of the inter-

.

mediates are starting material for synthesis*

of importdfit cell components. Anaerobes
that do notsuse the cycle fof respiratory
metabolist may still have many of the cycle
enzymes. These have biosynthetic function.
When tricarboxylic acid intermediates are

removed for biosynthesis, the cycle can be °

kept in operation b#kynthesizing new oxal-
oacetate (Fig. 9).

-

The electron transport system consists of
a series of molecules (flavoproteins, qui-
nones, cytochromes) that are embedded in
a cellular membrané. This series of mole-
cules is referred to as the respiratory chain.
These molecules have the ability to be both
good electron acceptors and good electron
donors. When NADH provides an electron
pair, the electron transport molecules are
alternately reduced and reoxidized in a par-
ticular order as the electrons pass from one
to the next. As these stepwise oxidation-
reduction reactions occur, energy is released,
and this energy can be conserved by oxida-
tive phosphorylation. For the continuation
of electron flow through this pathway, there
must be some exogenous compound that will

Introductory Microbwology —97
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ence of acetoin is frequently used in identi-
fication of enteric bacteria.

Two fermentative pathways are illus-
trated in Fig. 8. _ '
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Th«' re (luu'd organte molecules produced by f(-rnwntmg microprganisms are nfgr('ul commercial and diagnostic unpurtam ¢. hth(uml is produced
< ‘e

mainly as a product of veast fermentation.
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