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Preface

This book is a conciset la;gcly pictorial account of the complete range of lower plants and their allies studicd at
:\-dvancc.d Level and sxr.mlar courses (TEC Biology H and Cell Biology H1) Structural, physiological,
lk?lfochenlncai and ecological aspects are covered, along with essential features of taxonomy, reproduction and
ife~cxcle. )

1 defmc the lower plants in the widest sense, as all those organisms that botanists have studied other than the
angrosperms (angiosperms have received similar trearment in the companion book, Anatomy and Activitses of
Plants: a guide to the study of Flowering Plants, John Murray, 1980). For two or three decades, Advanced Level
students have known thar fungi were best scen as a separate kingdom, fundamentally different from both

plants and animals. More recently we have also learnt to see bacteria and bluc-g'recn. algac as separate kingdoms
and ievels of organisation. However, knowledge of these groups is a vital clement in our understanding of
biology as 2 whole, so these groups are dealr with here along with the true lower plants.

The great diversity of living things is acknowledged here by considering each organism in the context of the
group of organisms that cach was chosen to represeqt. Inaddition, the major principles of biology that have

been observed in and experimented on with particular lower organisms are discussed. For example, our
knowledge of photosynthesis in higher plants is based largely on studies of unicellclar green algae. Similarly, in
ecology. genetics and aspects of biochemistry, lower organisms have been widely used as experimental organisms.
Many of the developments in bistechnology are centred on work with prokaryotes, with fungi and with certain
smaller cukaryotes. The cconomic significance of lower plants in industry, in energy studics and in the search

for alternative food sources is also given appropriate attention. This economic importance of lower plants and

the delightful diversity of structure and function they show will, I hope, be communicated to a new generation

of students by the combination of drawings, photographs and text employed in this book. '
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4 LOWER PLANTS

The range of plant life and its classification

1. Ciassification: its need and role

There are more than one and a half million different types of
organisms known and their numbers are continually being added
to as a result of new studies. We classity them in order to provide
2 general plan of the immense diversity of form that exists.
Classification aims to use as many characteristics as possible in
placing similar organisms together ynd dissimilar ones apart.
Classification is not rigid. It is an artificial creation on the best
available evidence using limited knowledge, to reflect
fundamental relationships. Classification is on the basis of:

(a) levels of organisation,

(b) evolutionary relationships, although these are known
very imperfectly.

As the classification is refined so the more it reflects
relationships.
Classification is of great importance in biology because:

(a) it enables communication to occur. Studies cannot be
compared unless they are known to refer to exactly the same
types of organism,

(b) it enables biologists to make generalisations (and it
provides a basis for prediction) about the possible origins, the
major role, the usefulness and the consequences of various
structures, life-styles and feeding relationships.

In short, classification facilitates biology. The science of classi-
fication is known as taxonomy. Classification is standardised
throughout the world as a result of the International Code of
Botanical Nomenclature (and through the corresponding work
of the International Committee on Zoological Nomenclature),

2. Classification: the system

The accepted scheme of classification has been developed from
the work of Carl Linnacus (1707-78), a naturalist who created the
binomiat system of nomenclature, popularly adopted from 1758.
Every species of plant (and animal) is given two Latiniscd names,
e.g. Ranunculus acris (Common Buttercup), Homo sapiens (Man).
The specific or trivial name comes second and follows the
generic name which is shared with other related specics
considered to be sufficiently similar to be grouped in the same
genus, e.g. Renunculus repens (Crecping Buttercup). The whole
scheme of classification is hierarchical. Above the species leved,
organisms are placed in wider groupings; the higher the

category the more diverse species are included.

Kingdom  the largest and most inclusive group, ¢.g.
plants and animals

Division|  organisms constructed on a similar, general

(phylum)  plan and thought to be rclated, c.g.
vascular plants (trachcophytes)

Class a group within a phylum, c.g. ferns (Filicinac)

Order a group of apparently related families, e.g.
Filicales

Family a group of apparently rclated genera, ¢.g.
Polypodiaceac

Genus a group of similar and closely related specics,
c.g. Pleridium

Species a group of interbreeding individuals not

interbreeding with another such group. A

species may include ‘races’ or ‘varieties’.

Specics have two names, one generic, the

other specific, e.g. Preridium aguilinum
There is no uniformity in the size of the categories; a group
may contain one or many hundred.

Living things

Prokaryotic organisms
Blue-green algae, bacteria.
The clectron microscope has
helped show:

(1) cell has no distinct
nucleus although it contains
DNA,

(i1) facks mitochondria,
chloroplasts and complex
structured flagella, :

{i1i) cell wall of distinct
composition and containing
mucopeptides (of protcin
origin).

Eukaryotic organisms
Plants, animals, fungi, i.c. the
majority of living things, The
clectron microscope has
helped show:

(1) cell has nucleus
separated from the cytoplasm
by its nuclear membrane,

(1) cytoplasm
compartmentalised by
membranes into regions
called organelles, e.g.
endoplasmic reniculum,
mitochondria and

chloroplasts,

(iif) cukaryotic flageila and
cilia are made of a series of
tubes arranged in a cylindrical

Viruses

Agents of disease that require
to be transmitted from host to
host. They are not ‘alive’
outside the host cell . Most
viruses are constructed from -
protein and nucleic acid alone.
Viruses are only capable of
replication within specific host
cells.

manner,
(iv) cell wall (when
present) is usually made of

cellulose.

3. Fundamental differences: animals and
plants - are there other kingdoms?

Living things have traditionally been classified as animals or
plants. Today the cukaryotes (see below) are now divided into
three kingdoms:

kingdom of animals, kingdom of plants, kingdom of fungi.
I'ungi resemblc plants in that, with few exceptions, they have
definite cell walls, are usually non-motile (although they may
have motile reproductive cells) and they reproduce by spores.
Fungi differ from green plants in that they lack chlorophyll,
and their cell walls may contain chitin rather than cellulose.
Figure 1.1 The diversity of living things summarised ina

matrix contrasting the principle modes of nutrition with
levels of organisation

Plants Fungi Animals
Photosynthetic Absorptive Ingestive
nutrition nutritton nutrition
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RANGE OF PLANT LIFE AND ITS CLASSIFICATION

4. Prokaryotic and eukaryotic organisation

The development of electron microscopy has led to the
discovery of two 1y pes of cellular organisation, the smaller,

Figure 1 3 Size relationships on a loganithmic scale of
biological and chemical levels of organisation

L
b
simpler prokaryouc ccll, and the more complex eukaryotic cell 3 =1
In addwion there are viruses These are structurally simpler %6. %'5
. . _— o - G
(see page 13), for they contan protein and nucleic acid only, £ - § SE 5@
and are unable to multiply outside host cells It is questionable o2 3 e g &
. [ :a‘ D9 'E 3 o
whether viruses can be recognised as hiving things S ° sSc z5
The electron microscope 6= 1100 | Redwood
The transmission electron microscope employs electrons to tree
produce a magnified image 1n a stmilar way to the optical
mucroscope’s use of light. Electrons from an electron gun are l\tﬂ%rphfologv
. . . stu (o)
focused by varying the curre'nt passing through circular 10t 1 m length of v,s,b}le form
electromagnetic lenses. The image must be observed on a whale - external
fluorescent screen because the human eye 1s not sensitive to . structure
electrons as it is to light. A permanent record of the image is .
made on a photographic plate. Electrons are easily scattered 100 -
in collision with other atoms, so air must be removed from
the path of the electrons, and the inside of the electron
microscope is maintined at a very low pressure (‘vacuum’). %, Q::;%ff“v
Consequently living or wet specimens cannot be examined, _ond 7 . human eye the internat
except under very special circumstances. The specimens . 0;?3"'53"0“
. . . ' of livin
must be relatively thin with membranes or other structures thlngsg
stained with chemicals that scatter electrons. 1 .
An alternative form of electron microscope, the scanning 10 24 d
electron microscope, produces an image from electrons }
reflected from the surface of the specimen. This usually has % | cross section
. .. -3 of giant narve simple lens
a lower resolution than the transmission electron microscope, & " “eell of squid {hand-lens)
but a relatively immense depth of field which permits the 5 wn%f m{_ radius of . .
structure of the surface of solid objects to be observed 1in *  f giantmanne
focus. The fineness of detail which may be made out1s a algal celt
measure of the resolving power or resolution of a2 microscope, ;‘:‘?&‘)‘f’gy
whereas the magnification tells us about the size of the image 10 <] | radius of Y | classroom tissues
(but not the amount of detail). The electron microscope giantamoeba mlcr*(‘)scope
achieves greater resolution than the light microscope and }__ 40 um (high powen) o oiogy
therefore enables greater useful magnification. range of study of
. diameter {} o cells
. 10 ® resear
Figure 1.2 A comparison of the transmission electron ‘;L':’;‘::L he quality
microscope and light microscope , cells hight
i FF prokaryotic micro
' cells scope
Ultra -
electron gun 10 -1 um 2 ym structure
eye —@ electron study of
condenser lens ] micro organeiles
~ eyeplece scope and
-~ lens membranes
objective lens 4
[_10 7 }— smallest
projector specimen position bacterium
objective
lens lenses ~
specimen
/ positon 10 9
$1- condenser lens
" : 4 Molecular
nght . '7"3723“65‘ structure
image projected | ‘ | .0 L— smalier Y and
ONto a screen 10 °*—+1 nm | macromolecules no
Light microscope v, screen method of Atomic
—}—camera | small amino observation .;tructure
.t Y
Transmission electygn micigecope acid chemical
. : 4. . B
The lenises of the electron microscope are cléctrobmagnetic 10 "°4-1 A analysis
coils that focus the electron beam (negatively charged
particles) by the magnetic ficld they produce. The current ) '
passing through the lenses may be varied to change tReir }:t :;drogen
~ 10 "'

strength aiid hence fm\gsf

I
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6 LOWER PLLANTS
B acteria Figure 2.3 The three categories of bacterial shape
Bacteria are very small and difficult to sce, yet they occur in
vast numbers. The total mass of living bacteria is cstimated to sphes'ica'h(clom)' rads-(bagillus),
be at least twenty times that of all animal life. Bacter: 1 are SRR o7, Esclicuaii
simple in structure, and the fossil record indicates thut some .
of the earliest cells were of this relatively simple construction.
Bacteria are present in air, soil and water, they contaminate
every surface and niche in our homes and on our bodies, and
some even occur within parts of our bodies. Bacteria are often
associated with discase, yet the bulk of bacteria are far from
harmful. ‘They are biochemically very active and fast growing,
and their presence, together with that of fungi spiral, comms (ol
‘ ) p g . ungi and green plants, e.g. Spirillum OR e.g. Vibrio '
is essential for the maintcnance of life on Earth.
- -
. % ,‘ b
Figure 2.1 Rod-shaped bacteria (Bacillus sp.) observed by F b /
scanning electron microscopy (x 10 500) J , i / »
b
~
'\.
- \ Ry
.!h%
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-
o
—— - A
A i

-
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b

Figure 2.4 Cocci bacteria can be divided into the following
generic groups, depending upon the way celis divide and how
they subsequently adhere to each other

Gene Cox

in cubical pockets of in clusters,
eight, e.g.Sarcina ' e.g. Staphylococcus

Size, shape and structure

Bacteria are unicellular but often occur clumpéd together, and ’

in some species the individual cells actually remain joined to

form simple filaments. The cells have a variety of sizes and

shapes but they arc all very small. Inany population some

cells will have divided recently whilst others will have reached

their maximum and be about to divide, and thus therc is always in tetrads, @ ”
. . . e.g. Gaffkya

a range of sizes present. Because of their small size, the

characteristic of shape is the most visible and important in the

identification of bacteria. Three distinct forms are recognised,

namely spheres, rods and spirals (or curved rods).

in chains,
e.g. Streptococcus

/

in pairs,
e.g. Diplocaccus

Figure 2.2. Range of cell size in bacteria
10 1 .
Figure 2.5 Staphylococcus aureus observed by scanning electron
Bacillus microscopy. Cells are seen in clusters like pbunches of grapes
{x 15 600) .
8 =g
6 -
m g
M
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Most human cells are in the range 5-20 ym
Most flowering plant cells are in the range 10-50 um

Gene Cox
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_a membrane and contains DNA, not

Figure 2.6 Structure of a bacterium based on electron micrographs

Cell membrane (plasma
membrane) made of
phospholipid with protein.
it performs various
transport (ions, food
molecules) and enzyme
functions (e.g. active
uptake), and allows water
uptake by osmosis

Food granules, also catled

Ribosomes densely pack
the cytoplasm. They are
sites of protein synthesis

Pili and fimbriae are shorter
and straighter than flagella. They
are made of protein and occur
only on gram-negative bacteria
(see below). Bacteria with them
stick to animal cells and to each
other. Pili are sometimes used in
conjugation which results in .
DNA transfer from one cell to,
another. A few bacteria are
known to reproduce in this way,
e.g. £ coli (see page 9)

inclusion bodies, contain

storage products such as
volutin (phosphate/nucleic
acid store), glycogen and
starch H M

Nuclear zone is not surrounded by

in chromosomes but in a single long
molecule wound helically

Flagellum and basal granule.
Some bacteria have these (rarely
one, usually many). Each flagellum
consists of protein strands that
coritract and move the flageilum,
which causes the cell to move  *
through a fluid medium

The gram stain technique

Maeasosomes are invaginations
of the ptasma membrane and
provide an increase in membrane
surface. The cytoplasm of
photosynthetic bacteria does not
contain chloroplasts but,
chromatophores (in tucks of the
plasma membrane, with
pigments). These structures may
extend to the centre of a cell

BACTERIA 7

Cytoplasm is 80% water,

and contains nucleic acids,
proteins, carbohydrates,
lipids, inorganic acids, growth
factors and other chemicals

Slime layerisa
mucilaginous capsule that
protects against desiccation
and against ingestion by

N phagocytic host cells, e.g.
AN some white btood cells. Some
NERY bacterial cells become

cemented together by this
layer

Cell wall is a strong, rigid case
that gives shape to the cell and
provides protection. {The high
hydrostatic pressure within the
cell would otherwise cause it to
burst when in water.) [t makes up
about 25% of the dry weight of
the ceil, and consists of
mucosaccharide (sugar units and
amino acid residues) condensed
together with other amino acids,
some lipids and proteins

Usually bacteria have to be stained to be identified, using an air-dried smear on a slide. A staining technique, first used by
Christian Gram in 1884, distinguishes two types of bacteria: gram-positive and gram-negative.

Stage 1 Stage 2 Stage 3 Stage 4 ‘ Stage 5
O O @ S g'O @ @
o 0 e | @ 0 ‘@

The smear is treated
with erystal violet (a
basic stain). All celis
appear violet when the

- stain is washed from
the slide

Bacteria in the air-dried
smear appear colourless

The smear is now
treated with a
decolourising solution

The smear is flooded
with Lugol’s iodine (a
mordant treatment to
combine the dye to
those bacteria with
which it will react)

‘This removes the violet
dye from those cells
with which it has not
reacted. Gram-
positive bacteria
remain purple

of acetone and alcohol.

Finally the red dye
safranin is briefly added
as a counter stain. It is
taken up by the
colourless bacteria of
the treated smear.
Gram-negative
bacteria now appear
red. Gram-positive
bacteria remain purple

The staining‘properties of gram

-positive and gram-negative bacteria are due to differences in the chemical composition of the walls.

Gram-positive bacteria have hardly any lipid in the wall. They are bacteria that may produce endospores (see page g).

Examples are Staphylococcs, Streptococcs and many others.
Gram-negative bacteria have chemically complex walls.
are not affected by the naturally occurring enzyme lysozyme (e.g. in hu
of many gram-positive bacteria so that they swell by osmosis and burst. :
end(s) of the cell (called polar flagella). Examples include Salmonella spp and many others.

There is less mucopeptide, more lipid (up to 20%) and protein. They
man tears). Lysozyme causes lysis: dissolving of the walls
Gram-negative bacteria may have flagella inserted at the

Figure 2.7 Gram-positive rod bacteria and gram-negative cocci bacteria

w § sog




8 LOWER PLANTS

Growth of a bacterial colony

Bacterta grow and multiply extremely rapidly. In ideal
conditions cell divisiea may be as frequent as once
every 20 munutes which, in theory, would cnable a
single ceil to give rise to 100 000 oco celis in 15 hours.
This volume of cells would occupy a large colony

spot on the surface of a nutrient agar plate on which
bacteria are often grown. This rate cannot be
maintained indefinitely, but bacteria do occur in huge
numbers. For example:

1 g of garden soil may contain 10 000,000 000 bacteria
1 cm? fresh milk may contain 10 000 bacteria
1 cm® sour milk may contain 33 ooo 000 000 bacteria
Because of the very large numbers of bacteria,
populations have to be estimated from known

dilutions from a measurcd sample in 2 method called
the dilution plate technique (see facing page: ‘Outlmc
of Techniques’).

Figure 2.9(i) Transmission electron micrograph ofa
section of a Staphylococcus aureus cell, showing its
prokaryotic structure

g TR e,

- *»,
- 'a‘ﬁ,u'h«: e

. - 3 ( x135 000)

(ii) Early stage in cell division

(iii) Cell division completed

1. Forsdyke

Figure 2.8 Reproduction in bacteria: their cell cycle. A diagrammatic
representation of the process of asexual reproduction by celil division in the
bacterium Esherichia coli, taking approximately 45 minutes

fl ol ring of DNA
cell wa seen early in the
cytoplasm \ process of replication
0 minutes DNA fully repllcated
inthe cycle L,
4 . \l . =
- A

45 minutes

r , 40 minutes T

cell continues to
grow in size

20 minutes:
cell fully grown

start of replication
of nuclear zone DNA

30 minutes: cell divides into two

Bacterial growth is dependent upon adequate water and an appropriate
food supply. In addition, the following external factors are important.

pH Temperature Air with oxygen

Most bacteria are

favoured by slightly

alkaline conditions
"(pH 7.4).

A few tolerate

extrames of acidity

or alkalinity

The range 25 to
45°C is favourable
for the majority of
bacteria. )

The extremes of
survival are —5to

Most.bacteria
flourish in air
(aerobes ), but
many can survive in
the absence of
oxygen (facultative
anaerobes ). Some

80°C or higher ! :
} flourish in anaerobic

conditions {obligate

anaerobes )

When a new medium is colonised there may be a lag phase (i.e. little or
no reproduction) whilst the bacteria adjust to the new medium. During
this time new enzymes are synthesised; it is a period of intense metabolic

- activity. There follows:an exponential or logarithmic (log phase) of

grawth when the most spectacular growth-rate occurs. With time, the
food store may be used up, excretory products accumulate, and the
growth rate declines. Eventually, autolysis occurs leading to death of
the colony. ‘

Figure 2.10 Growth of a bacterial colony with time, following
inoculation of a fresh medium

Lag Log Station- Decline
phase phase ary phase| phase

L
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BACTFRIA ¢

Endospores Sexual reproduction
Some bacteria produce very resistant spores during Certain bacteria reproduce by conjugation.
unfavourable conditions. The spores have great resistance to scme genetic material. possibly a

cold, heat, pH change, desiccation and the effects of chemicals. copy ?f the ring of DNA moves
: i i onccel 4
Only certain gram-positive bacteria produce endospores (see rom ong celi (o the other

page 7 and the photograph on page 14, figure 2.16). iy

then Separale

The endospore in the life-cycle of a bacterium Two bacteria come together

growing bacterial cell thick -walled resistant spore formed

s )7

conjugation
- achieved through

The new cells formed from this

\ old cell wall bacterium are different from the . @ fimbriabridge
either a cell emerges € S~ decays parent cell. New characteristics
. endo_spore CTTTTENTTT % are due to new genetic material |
errre germinates { : ) from two bacteria Ce!l \../
( '@' @, o ) g’;g“j‘:afg;:gnoz;mo; Wl Any new cells formed from this (_‘y
, ~ - bacterium are identical to the
4 or the spore comems immediately divide into two cells parents ’

Autotrophic bacteria use light energy or the energy from chemical
reactions to combine carbon (usually from CQ.) and hydrogen
'(usually from water) to produce sugar. With this sugar and certain
ions they manufacture all other requirements. Photosynthetic

Feeding
Bacteria require an energy source and a source of raw materials
(nutrients). Energy may come from the metabolism of sugars or fats,

from light, or from chemical reactions. The raw materials needed for

growth and reproduction include carbon, which may come from autotrophs include the green sulphur bacteria and the purple sulphur

sources as diverse as jet fuel, engine oil, wood, sugar or gaseous CO, bacteria. Chemosynthetic autotrophs include Nitrosomonas and
Nitrobacter (see page 10) and Thiobacillus ferro-oxydans (see page12).

(substances which can be utilised by bacteria are termed 3
biodegradable). Other requirements are nitrogen, possibly from N Heterotrophic bacteria consume dead or living organisms or other

gas, ammonium salts, amino acids or proteins; inorganic salts, organic matter such as rubbish or fuels etc. as a source of energy and
usually POZ-, SO3~, Mg**, K*, Ca?*, and Fe** ions; water; and nutrients. These bacteria secrete digestive enzymes into their food:

occasionally metabolities such as vitamins. These nutrients may be digestion occurs outside the cell wall and the products are selectively
obtained in two different ways. absorbed into the cell.

Culturing bacteria

Bacteria are cultured (grown) on, or in, media that are designed to supply the cells with all their nutritional mqulremcnrs (thatis
a complete culture medium). Aseptic techniques, in which apparatus and equipment are kept free of stray micro-organisms, are
used to prevent contamination of bacterial cultures and of the surrounding environment. Although most hacteriu arc harmless,
bacteriologists treat all bacterial cultures as potentially dangerous. A few are extremely dangerous.

OUTLINE OF TECHNIQUES - an introduction to the process and the terminology of culturing

bacteria: NOT a practical guide Media, e.g. nutrient agar, Equipment, e.g. inoculating
Source of bacteria, e.g. agar Flame sterilisation of nutrient broth. Complete wires, petri dishes
slopes of pure cultures the inoculating wire culture requirements.in ¥
before and after liquid form (broth) or | .| Steritisation in a pressure
transfer of bacteria — solidified with special cooker or autoclave to kill
i ielly (agar) stray micro-organisms

Y
@a Pouring of plates /
or slopes
00 Coad™ C%a ° Q

e.g. soil

soil \,/
sampie 3 3 3
1cem? ] cm lom cm 1cm? Serial dilutions T
L . are carried out so that Incubation at a ‘:2022?’"‘37“(:
a ;| eachcolony that grows, temperaiure, e‘?' 5 o
N o i - -
CABEREEN ;gfer:l a ,ﬁr?e’;fn'tss a Counting of co‘lomes on plates saa T rast
3 3 o single»cgll or spore in g&iz:x;t;?:e?lscolomes Disposal of plates;
% 1T 006 ‘ ° the original sample T they are first sterilised
medium of O O 1 cm3/ SAFETY NOTE: plates are not open‘ed ina r?enet:al 3ab0ratory ¥
nutrient agar plate This is carried out in a special inoculation chamber - -

Why some bacteria are dangerous
The human body is continuously exposed to contammanon by micro-organisms, but very few harmful organisms are able to

establish themselves. This is due mainly to:

(a) the inhibitory effects of our natural sccretions,

(b) the invading bacteria having ta compete with harmless micro-organism populations already resident in the
Thus we are usually infected with micro-organisms, but only rarcly arc we diseased.
Exotoxins and enzymes that overcome host-cell

defences. Secreted by the bacteria they kili or
injure the cell. These secretions are all proteins

are pathiogenic Endotoxins are proteins, lipids or polysacchandes
becausg from the bacterial cell wall, liberated only on the decay ot
: the bacterial cell. They cause fever and shock

Examples of endotoxiris

The large molecules of lipopolysaccharide (Lipid and
carbohydrate combined together) that are a part of the outer
wall of gram-negative organisms such as Salmonella typhi,
which causes the fever and shock of typhoid fever.

body.

Capsule, secreted around cell wall,
prevents the bacteria being engulfed by, for
example, polymorphs (leucocytes) of

the blood

Pili or fimbriae enable bacteria 10
adhere to host cells
Examples of exotoxins
Clostridium botulinum on decaying food in the absence of air
produces one of the most potent poisons known to man.
Staphylococcus aureus produces heat-stable toxins that attack
+ke out and cause ‘food poisoning’.

Some bacteria
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Examples of useful bacteria Figura 2.11 Ecological triangle showing the pyramid
1 A . i . of biomass and both the cycling of materials and the
. Bacteria in the cycling of nutrients energy flow within it
Plants and animals use elements and nutrients that occur at or near the Cycling of
earth’s surface, and supplies of these nutrients are limited. For survival . materials
of life the ma@na]s in one organism must event_ually be made available secondary SUN'S HEAT
to other organisms. Elements such as carbon, nitrogen, sulphur, Flowof - CX?R‘:K/"(‘)eésés
phosphorus and iron (along with many other substances found in E‘> 22::3';3! ,
minute amounts) are cycled, and these cycles are ‘driven’ directly or Y
) d [ . b f h Th o . Flow of & primary consumers
indirectly by energy from the sun. These processes are summarised in kit HERBIVORES
the Ecological Triangle, figure 2.11. The breakdown by saprophytes of E> as rl'ight §
or heat i

green plants, their products and their predators (herbivores and
carnivores) makes the nutrients and elements available for re-use. These
saprophytes include many fungi (see page 45) and many bacteria, and
the process is illustrated by the nitrogen cycle and carbon cycle.

primary prodcers
GREEN PLANTS

INORGANIC MATTER \

|
The nitrogen cycle industrial
manufacture ARTIFICIAL
FERTILISERS
NITROGEN GAS s
OF THEAIR The carbon cycle is
\ ’ photosythes CARBON DIOXIDE
© in the 3ir and
E GREEN PLANTS i o dissolved in water
& {primary producers) respiration o ]
AMINO ACIDS AND “nitritying 2 e
PROTEINS OF 966‘0 bac(}ria 3 g &, ) @5 .
T . () ®
PLANTS %, J Wios Ik a 2uJ PRIMARY CONSUMERS] |$§-
G acter) é % o herbivores 3
@ SOLUBLE NITROGEN ITRATES(IN =& 7 W 8, g
& COMPOUNDS OF  |e— t— : c|e , 552 e, =
> THESOIL ‘nitritying A © @ y ‘
e DEAD ORGANIC
' (Nitro . < geath )} SECONDARY CONSUMERS
T 'NO SCOSAND ' somonas) 4 MATTER . 5 carnivores and omnivores
2. M & :
AMINO ACID:S 3 L{ AMMONIUM SALTS | ol . %, &
ANIMALS =2 A 2 § 3 & z
4 . £ = SAPROBES feeding | -75®
%e, AMMONIA S Q a on dead organisms
% ORGANICALLY COMBINED L4 ! e
NITROGEN OF HUMUS [\ ' -
: < HUMUS in
© the soil Y
o CALCIUM
* Niitrifving bacteria are chemosynthetic autotrophs, C}f ?kBONATE
using energy from exothermic chemical reactions, ﬁmaeﬂg:‘ . .
by Nitrosomonas spp . 5
eg :NH, + j0,——————»2HNO, + 2H,0 + energy <
) X by Nitrobacter spp
eg. 2HNO, + O,———————»2HNO; + encrgy .
The formation and functioning of ' Figure 2.12 Root nodutes on the roots of a broad bean
leguminous root nodules " Root nodules form on the
Bacteria of the genus Rhizobium occur in nearly all types of lateral roots after

soil. Many leguminous plants (family Leguminosae, e.g. clover, pp;.,pium bacteria have
peas, beans) become hosts to species of Rhizobium during the entered from the soil. Here
growing season, forming root nodules which contain these nodules are seen at the end
bacteria within the host cells. , of the growing season, on
part of the root system.

Tip of root of a
feguminous plant
root in section,
with central
vascular tissue

Root hair releases

a chemical into the
soil. Tbis is detected path taken by bacteria as they
by Rhizobium bacteria invade and penetrate the root

bacteria pass into the

. roat hair cells and multiply Large cells of the root f

region of . cortex become filled
root hairs - : . .

o with Rhizobium :

7 d
region of il . i 3
elongation . ) Tap root

. : ; : ith
. izobium become large, irregular-shaped bacterial cells. ~ system wi

arguing Bacteria pro?uc:_ h:‘) z:z::s— T[rt‘:e: g;;‘;tlce a:dielease r?lant gr?)wth hormone. This helps numerous root
point iigimicayibic induce the formation of a mass of cells—the nodule nodules

root cap root hairs to curve
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2. The bacteriology of milk and its products
Milk is liquid food produced by female mammals for their young. It provides a balanced diet, low only in vitamin C and iron.

As formed in the cow’s udder, it is biologically sterile (in a healthy animal).

%

BACTERIA Ir

As it lcaves the mammary gland via the teat, the milk quickly acquires a characteristic flora of non-pathogenic bacteria. If these
bacteria arc not checked by low temperatures and pasteurisation they quickly cause the milk to go sour. Milk passing into

dairy equipment is raw and untreated. It may acquire further bacterial contamination if the equipment is unclean.

Untreated milk may contain harmful bacteria, e.g. the brucellosis causing bacteria Brucella abortus, causing contagious abortion
in cattle and undulent fever in humans.

TREATED MILK

Pasteurisation

Sterilisation

Ultra high temp-
erature (UHT)

Milk 1s heated to

72 C for 20 seconds
and then quickly
cooled 10 below

1o C. This destroys
the majority of the
bacteria without
harmirg milk
qualiry.

Milk is filtered,
violently mixed to
disperse the cream
into tiny droplcts
(homogenised),
bottled and then
heated to over 100°C
for about 25
minutes. Thereisa
loss of flavour and
some colour change.

Milk is heated to

* 132°C for one

second apd then
placed in a sterile
container under
aseptic conditions.
This kills all bacteria
and spores. There is
little loss of flavour.

Figure 2.13 Lactobacillus bulgaricus, a bacterium used as a ‘starter’ in the

production of yoghurt from pasteurised milk ( x 4 375)
o -,

Cross-section of root with nodule

vascular supply to

the nodule
vascular

tissue of
root

bacteria are provided
with sugar by the host

cells packed with Rhizobium

N2 gas diffuses
into the nodule

excess amino acid is
translocated to the
host tissue

Nitrogen from the air is reduced to ammonia by Rhizobium, using the enzyme
nitrogenase (see page 18). Ammonia is combined with organic acid to
make amino acids. The nodules are pink/red due to haemoglobin that

is formed in the nodule by the host (leguminous) cells. Nitrogenase enzyme
is inhibited (poisoned) by oxygen. The haemoglobin may regulate or
control the oxygen concentration, and facilitate nitrogen flxanon

At the end of the growing season the nodules break down, releasing
bacteria and ammonium compounds into the soil. In this way.
leguminous plants increase the fertility of the soil for all plants.

Pasteurised milk is drunk as it is or used in the manu -
facture of yoghurt, cheese, butter, or milk powder.

(a) Yoghurt. This is a culture of two different
bacteria which is added to milk at 40-45°C to ferment
lactose to lactic acid and to curdle and sour the milk.
One of the bacteria used 1s shown in figure 2.13.

(b) Cheese. To pasteurised milk are added:
(i) rennet, a preparation of calf stomach,
containing renin to coagulate casein (milk protein),
(i) ‘starting culture’ (inoculum) of Streptococcus
lactis, to ferment lactose to lactic acid. The pH drops
from 7 to 4.5.
This causes the milk to separate into CURD and WHEY.

CURD (solids) of
protein and fat

’

Salt added for flavpur ] »
and as a preservative

"Soft cheese’,
€.g. cottage cheese

Y
Pressed to dry it Turned into ‘hard
further " cheeses’

Further bacterial and fungal action is required to
introduce the characteristic flavour and aroma of
particular cheeses.

Dehydrated for

WHEY (93% water,
animal feed

5% lactose)

(c) Butter. Cream is separated from the milk,
churned to change the fat globules into granules, and
the solid fraction is treated with starting cultures

of Streptococcus lactis and Leuconostoc lactis to sour
the lactose and produce flavour and aroma by
bacterial enzyme action.

(d) Dried milk powder. This is used for cooking or
to make feed for babies. It is a versatile product with
keeping quality but little flavour.
Powdered milk for babies is useful where breast milk
-is not available. The problems with bottle feeding
arise from:

(i) bacterial contamination; carcful sterilisation
of equipment is essential,

i v(u) malnutrition; the powder must be madc up
. into milk of the correct strength.

The misuse of powdered milk has reached tragic
proportions in some Third World countries where
people have been persuaded by advertisements to
change to this method of baby feeding unnecessarily.
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3. Bacteria and genetic engineering
The nuclear material in the bacterial cell is a single strand
of DN A in the form of a ring or helix. Prior to cell division
this strand of DNA (it is of the samce chemical composition as

- in cukaryotes) replicates, and one copy passcs into each
daughter cell. (This is shown in figure 2.8, page 8.) The
unusual feature of bacterial DNA is that it can be changed by
addition of short lengths of DNA from the cell of a closely
rclated bacterium. The process may be brought about by an
invading bacterial virus (called a phage, see page 15).
DN A controls and directs the biochemical activity of the cells
by directing protein anud enzyme synthesis. In this way DNA
controls growth, development and the functioning of the whole
organisn. Because bacterial DNA does not eccur in paiss as it
dees in eukaryotic chromosomes (the eukaryotes have two
alleles to every gene) it means that any changes that are broughi

immediate changes in the functioning of the bacterial cell.
These naturally occurring changes or accidents-of DNA
addition have been much studied, and techniques for
engineering such changes in bacteria, using unrelated DNA
from viruses, other bacteria, and from eukaryotic cells have
been developed (called genetic engineering or recombinant
genetics). Bacterial strains have.becn made which permit
relatively inexpensive synthesis of vitamins, hormones (e.g.
human insulin for diabetics), antibiotics and drugs such as
human interferon, an anti-viral agent. ! 3

The danger associated with genetic engineering, is that,
inadvertently, some very harmful gene may be added to the
DN A of a ubiquitous and normally harmless bacterium of the
human micro-flora, which might then escape into the
population and multiply. Stringent safeguards have been laid

down o prevent such an event, e.g. genetic enginecring bcing:-,‘ .

limited to species that only prosper under abnormial
physiological conditions, not occurring in the human body.

‘-

4. Vaccines

Robert Koch (1843-1910) isolated Bacillus anthracis from . -

anthrax sufferers and established the rules (now known""ig:_s Koch’s
postulates) by which it is judged when an organism isa -~
pathogen and not just a casual member of the normal body flora.

Koch's postulates ‘ _ .
(a) The same organism must be found in all cases of the
discasc. . :
(b) The organism must be isolated and grown in pure
culture from the infected host. ‘ _
(¢) The organism from the pure culturc must reproduce the
discase when inoculated into a susceptible host.
(d) The organism must be isolated in pure culture f"xjom the

experimentally infected animal. .

Figure 2.14 Bacillus anthracis,'a large, broad-celle'd gram-
positive bacterium that requires aerobic conditions. The
rods have almost square corners and cytoplasm that - H
stains irregularly ( x 2000)
-
&
£°

Gene Cox

. and bacteria

%ﬁi

R

it was also with B. anthracis that the first systematic
vaccinations were conducted.’

A vaccine is a suspension of killed, or living but inactivated
organisms which, when inoculated into the body, act as an
antigen causing development of antibodies that render the body
immune or, at least, resistant to infection by that organism.
Humans can be infected with the anthrax bacillus by coniact
with hides of infected animals. Anthrax is primarily a disease
of shecp, cattle and other herbivorous animals. An infection
occurs in the skin, but the bacterium-invades the blood and
produces a toxin which acts on the central nervous system
causing breathing to cease. Louis Pasteur (1822-¢5), working
with farm animals, kept some anthrax bacilli at 42 C (h.e. at
above body temperature) and produced a less virulent
(attenuated) strain. This, when iniccted into the body, was no

longer capable of causing anthrax, but it did induce immunity
.

about in the bacterial DNA may result in more or Icss o -'»_,’ A gl Msease. When the virulent strain was injected

subséquently, the animals did not contract anthrax.

From earlier times people were aware that some individuals
have, or acquire, immunity to certain discases. Edward Jenner
(1749—1823) observed that many paticnts who were in contact
with cattle had apparently acquired immunity to the usually
fatal disease smallpox. He believed that this immunity was
acquired following an attack of the similar but much milder

disease cowpox; the cowpox being transmitted to people from

the cows they worked with. It was Jenner who first used the
technique of inoculation. He gavc people cowpox and then
showed that they subsequently acquired immunity to smallpox.

5. Microbial mining

" It is now necessary to use lower and lower grade 6re as the

explosion in demand for metals for industrial and manufacturing
uses has already ouitstripped the supply of accessible, high-

grade deposits of appropriate ores. The deliberate use of
. bacteria to assist in recovery of metals from low-grade ores is

a quite récent development. In the bacterial leaching of copper

« ; for example,‘ the mietal is being economically recovered from
" old mine waste containing only 0.25-0.50%, copper.

The tiny, rod-shaped Thiobacillus ferro-oxidans occurs naturally

“in ore dumps in the absence of light and in an acid medium.

The bacterium ‘eats rock’, i.e. it is chemolithotrophic. It
oxidises sulphides to sulphates and iron(11) to iron([11) ions.
chalcopyrite CuFeS, + 2Fey(S0,); + 2H,0 + 30, —
CuS0, + 5FeS0, + 2H,S0, + ENERGY

The cncrgy.released in the reaction is used in part to fix carbon
dioxide and water to make sugar, with oxygen as a waste
produce (autotrophic nutrition). The remainder of the energy
is lost as heat and warms the ore dump, further speeding the

 bacterial extraction of copper. The bacterium thrives best in

the temperature range 20-3 5°C.
The process of copper extraction

ore dump T _BH21 ¢ Tacidification

containing SR point pH35
ores such as '

p the leaching of A

halcopyrite
. o e the heap takes weeks

ol or months "
P - pump

scrap iron for .
% r
the extraction feservorr .
| ‘barren solution

reservolr

‘pregnant sblU‘tiQV of copper -

Copper metal
Cu?' + SO.* + Fe (metal) — Cu(metal) + Fe2' + SO.°

The bacterium consumes the ore by transferring electrons from iron
jons and sulphide ions making the ore more soluble. The electrons are
transferred to oxygen to produce water and give up energy which is
coupled to ATP synthesis.
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Bacteria in water and sewage Contamination of drinking water
Sewage is a mixture of organic matter in water, rich in bacteria bV sewage

which aerobically digest sewage. This process needs to be contained The human small and large intestines house a huge
and completed at a sewage plant because if raw sewage is discharged and characteristic microflora. They are mostly

into rivers the bacterial consumption of dissolved oxygen is so great commensal bacteria, but a few bacteria live

that other organisms are deprived of oxygen and die of asphyxia. mutualistically, providing their host with vitamins,
Oxygen gas is only slightly soluble in water and 1t is shortage of oxygen e.g. vitamin K and vitamin B complex. .
due to excessive bacterial activity rather than the presence of a poison Escherichia coli is an extremely common component
in sewage that kills larger animals in sewage polluted rivers and streams. of the human intestines, and it is responsible for
This feature of water quality is known as its Biological Oxygen Demand faecal odour. (Human facces are 509, bacteria.) Water
(BOD). It is defined as the amount of oxygen absorbed biologically by purity tests check for the presence of this bacterium
one litre of the water sample in five days at 20°C. : as cvidence of contamination of the drinking water

supply by sewage.

Treatment of sewage
: i ; : . Figure 2.15 Escherichia coli, a bacillus that is part of the
Bactena., with other micro-organisms, turn sewage into re-usable and normal flora of the human intastinal tract { x 16 600).
inoffensive substances. Rods show fimbriae (pili), filamentous appendages which
. i, . = are shorter and smaller than flagelia. They cause bacteria to
Primary t'reatment' mechanical adhere, and they may also be involved in the sexual transfer
Sewage in-flow » Screening off of coarse materials; of genetic material in conjugation (see page 9)
grit is removed by grids. 2 0 B

Secondary Sedimentation tank

treatment: Solids settle down

micrabial —
Solid matter to Liquid has air pumped through.
anaerobic digestion Bacteria, e.g. Bacillus spp
tank Pseudomonas spp
Carbon and carbon dioxide Zooglea spp
from the solid organic and protozoa, e.g. the ciliates
matter is reduced to Vorticella spp
methane by bacteria under aerobic conditions,
C + 4(H) - CH, oxidise all organic matter to

e.g. Methanobacterium spp €O, Hz0 and NH,
CO. + 4H, — CH, + 2H.0.
. Clean water is discharged into
Methane gas is then burnt rivers
to power the sewage plant .

Gene Cox

Remaining solid matter is fiash-dried over a gas flame to dry and stegilisaei
is then sold as fertiliser '

Control of water-borne disease
1. In Third World countries

| situations where urban conurbations are crowded
ether, the water supply to one city (e.g. L.ondon) is
the river that drains sewage works of towns up-stream

domestic W (e.g. Reading). The steps in purification are:

surface animals
drainage ‘ Untreated water
AERATION oxidation of organic
R g AT e matter by micro-organisms
A e "D ini ;
household water an d: 1) vsv'ﬁ?m :gell '«"»w:Ielp 1 COAGULATION a:iudm‘limum ﬁulphatte. lf
: L s Y . :
human urine 5 sunken entry " with added, causing particies
--------- —————) is a source of raised to clump together
» “T contaminated | |- protected SEDIMENTATION coagulated material settles out
impervious rock q water - . entry .
R T e s I FILTRATION using sand
' < ‘ L\_\“ : CHLORINATION at quite low concentration
Water that has filtered through oure : v destroys all living things
@ wr s we G En D e e e W S S e W S 5
soils and rocks water ;& Tap water

Water-borne diseases of consequence include:

Cholera

Cholera is caused by Vibrio cholerae. This is v
endemic there. [t is spread by people where the sewage is not correctly dispose
patient vomits and has severe diarthoea. Death can be quick due to dehydration and shock. The bacterium produces a pow
toxin that inflames the lining of the intestines.

Typhoid

Typhoid is caused by Salmonella typhi.
weakened by the effects of poverty and starva
Healthy carriers occur and can pass the infection by handling food for other people.

ery common amongst the people in Bangladesh and the Far East; it is said to be
d of and contaminates the water supply. The
erful

This is typically a discase of overcrowded communities, where the people have become
tion. It causes high fever, slow pulse-rate, irritation of the intestine and diarrhoea.
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Some bacterial diseases of Man
1. Botulism

Botulism is a poisoning due to a nerve toxin called botulin, produced by
the rod-shaped bacterium Clostridium botulinum under anaerobic
conditions. The bacterium occurs in soil, but the danger to man arises
if, in the canning of food, the temperature is not raised high enough to
destroy any endospores which may have got in. Today cases of the
disease are very rare. Botulin is one of the most poisonous toxifis known,
but it is not praduced in food if the food 1s:

(a) in the presence of air,

(b) veroacid, that is below pH 3,

{c) preserved in 89, or greater sodium chloride solution,

(d) preserved in 509, or greater sugar solution.
Furthermote, proper cooking inactivates any of the botulin that is
present, although botulin can occur in incorrectly canned foods, such as
asparagus, corn, peas, pepper, spinach, ham or sausage.

-
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L

2. Diphtheria

This disease is caused by the bacterium Corynebacterium diphtheriae. 1t
is spread by droplet infection (e.g. sneezing) from infected to healthy ‘
people, and produces 4 local infection of the nose, throat and larynx.
The bacterium releases a powerful toxin that can kill by damage to the
heart. In developed countries this disease has been virtually eradicated
by vaccination. The vaccine is prepared by extracting the toxin from a
culture of the bacteria and rendering it harmless with formalin. When
the vaccing is injected into a human (diphtheria is purely a human
disease) it causes antibody production and hence immunity.

§

3. Tetanus I

‘I'he tetanus-causing bacteriun® Clostridium Ictan: is an obligate
anaerobic bacillus that exists ifk soil and in the gut of man. The
bacterium is sensitive to penicillin, but it produces ¢xtremely resistant!
endospores. Deep body wounds may be deprived ot nxygen owing to
damaged blood supply and to the metabolism of the contaminating
bacteria. Such wounds may be contaminated with C. tetani. Under
anaerobic conditions the bacterium grows and releases a powerful toxin
into the bloodstream. This is transported around the body and interferes
with impulse conduction at the synapses of nerves causing convulsive ,
contraction of voluntary muscles. Tetanus is most prevalent among
those wounded in war, and in children, particularly infants in rural
Asia, where the baby’s umbilical cord stump may be contaminated with
soil or facces. Tetanus prevention is easier than treatment. In developed
countries children are treated with tetanus toxin which has been
modified in a laboratory so that its poisonous propertics are lost but its
antigenic properties remain (called tetanus toxoid). Immunity acquired
in this way is-not permanently retained by the body, and booster doses
to re-acquire immunity become necessary from time to time.

Figure 2.16 Clostridium tetani, the agent of tetanus (lockjaw) ( x4 200).
These bacteria are obligate anaerobes; they cannot grow in the presence of
oxygen. They are large, motile gram-positive rods that produce extremely
resistant endospores. These spores occur as terminal swellings that make the
whole structure resemble a miniature drumstick

”
{.
' e &
’ /,./ \
A5 \

' e \

’ § .

‘ ‘_f \"/ :

%—

4. Tuberculosis (TB)

Tuberculosis is caused by Mycobacterium tuberculosts
which may be inhaled or swallowed. It attacks the
lungs, and in elderly, ill or malnounished people, it
leads to serious illness and death due to progressive
destruction of the lung tissue.

It causes a major health problem world-wide since
there are so many people who are malnourished and
who live in cramped unsanitary homes on the edge of
cities. In developed countries there is good control of
TB. This may be attributed to:

{a) improvements in the general standard of living
and nutrition,

(b) eradication of TB in cattle and the
pasteurisation of milk,

(c) development of drugs for the control of the
disease in those affected,

(d) early detection of infection by mass
radiographic.screening,

(e) the introduction of effective BCG (Bacillus-
Calmette-Guérin) vaccination which involves
inoculating 12 to 13-year-olds with an injectton of
living but inactivated (attenuated) cells. Before -
treatment of an individual with BCG, it is necessary
to test whether they are already suffering from TB
or have natural immunity. The reaction of the skin to
the products of dead bacilli is tested; those whose
skin reacts strongly (their skin swells and reddens at
the test site) cither have immunity or the disease.

5. Whooping cough (Pertussis)

Whooping cough is an acute infection of the respiratory
tract. It leads to violent coughing and fever. It is caused
by a small, gram-negative coccobacillus {broad oval
bacteria — sce pages 6 and 7) called Borderella pertussis.
It does not invade the bloodstream but toxins from the
bacteria cause the fever, and as the organism grows, a

- thick ropey mucus is produced from the lungs.
' Whooping cough was once a common infectious disease

of children causing very high mortality in infants under
one year of age. It is hard to treat, but vaccination with
an injection of killed bacteria, administered in the
second or third month of life is totally effective in
prevention. The vaccine, of dead bacilli, is admiftistered
together with diphtheria and tetanus toxoid. A tota) of
three, monthly injections is given. Occasionally
whooping cough vaccine causes allergic convulsiensand
very rarely may produce permanent brain damage. ih¢
number of cases of brain damage after vaccination 1s 1
in 50 oco vaccinations. 'The risks of contracting
whooping cough are far greater than that of
immunisation. However, children with another illness
must not be vaccinated until they are well again.
Children who suffer from convulsions should not be
treated at all, and those who show symptoms of nervous
system disorder during the vaccination sequence should
have no further injections of the vaccine.

6. Venereal disease

Venereal discases are infections which are spread from
person to person during sexual intercourse or other
sexual contact. Some babies may be infected in the
womb or at h&ﬁ* v an infected mother. The most
common vener:.al diseases are syphilis and gonorrhoca.
These diseases can be cured with antibiotics, provided
thorough treatment is given at an early stage.




