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16SrRNA cp> <8l (V) dsaa

Primers . Sequences Length | Tm¢ | TA9

Forward : 5“AGAGTTTGATCM*TGGCTCAG-3' 20 46°C | 56°C

1492 | Reverse | §-TACGGY’TACCTTGTTACG-3' 18 50°C | 56°C

el <35 5 (T s

Reagents Quantity
Taq-dNTPs buffer mix (5x) 10 ul
27F primgr (5 p mol) )5 l'l
1492R primer (S p mol) 250l
MgCl; (50 mM)
DNA template 20ul
1.0 ul
izl ald s o(£) Jsan
Steps Temperature Time Number of cycles

Initial denaturation 95 °C S min 1
Denaturation 95 °C 1 min
Annealing 56 °C 1 min 30
Extension 72°C 2 min
Final extension 72°C 10 min 1
Soaking 4°C Indefinite | 1
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A: Nomenclature of Stapiyyiococcus species
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3 _5.homiris”

dugdunansis DEMAB0AT
muscas DEMTOEAT
. auvreus”
4 5. auveus”

$.aureus®
5. aureus®
3 . Auveus®
I oaureus®
3. auveus”*
Auvreus®

3 e

vl
w

.epidermidiz®
epidevmidis®
epidernidis®
epidavaidis®
epidewmidis®
epidevnidic®
J.epidawmidis®
5. epidavmidis®
S.epidavnidis®
?_ 5. epidawnidis”®
epideavnidis DRQ0044T
capras DEMICEOST
sapitis DEQO32ET

i

& >
S,
8

s

dr NN BMVANAM B EFABBLBULN
LR

«w

N ol

pastecyi DRMI0E3ET
wawravi DEQOILET
simulans DRU20O3227T
fleuvettas DSMID21I3T
pulververi DEMISIOT
seiuvi _DSEIQOI4ST
lentus DEM203S2T

LR R LR L L L

49 5. xylesus"
S.xylosus DRQO2€ET

5. sapvophy ticus DRT02257T

J0_S.gelliravim®

45 5. galliravia*
S.gelliraves DRQ06I0T
37_S.galliraven”

44 S . gelliravea”

JE S . aviettan”

S aviettas DRU0672T
S.succinus DEM14€197
S.equoven DRQOETAT

s r-p.:cr;;u_bSK‘.SlSO?

Jeairias_sub ATCCT002 36T

Pomanas_sub. homiras DRQ0O328T

ruveu s_sub . suveus DSM20231T
-
s

-sacchavolyticus DEM20359T

TACTGAAACATOCCTT TCCTATCALTTATACATCGALCTOOCCOOTATTA
TASTCOAAACATOCCTT TCCTATCACTTATACATCOACCTOOCCCOTATTA
ST O CA T OCC T T TCCTATCAC T TATACATCOALCTOOCCOCTATT.
TACSTOAAACATCCSTTT TCCTATOALTTATACATCOASCCCOCCOOTATTA
TACTOAMCACCOTTT TCCTCTOACTTATACATCOASCCOOCCOCTATTA
AANCTCAMCACCCTCT TCCTCTOACTTATACATCCATCCOCCCTOCATTA
AACTCAAACACCOTCT TCCTOTCACTTATACATCOATCOCOCCTCCATTA
AASTOAIACACCCTCT TOCCTCTCACTTATACATCOATCCOCCETCCATTA
AASTOAAACALCOTCT TOCTCTOALTTATACATCOATCCOCCCTOOATT.
AACTOAACALCOTCT TCCTOTCALTTATAGATCOGATCOCOCCTOOATTA
AASTCAACACCOTCT TCCTOTCACTTATACATCOATCCOOCCTCCATTA
AACTGAAACACCOTCT TECTOTCALTTATAGATCOGATCOCOCCTOCATTA
AASTCAMCACCOTCT TCCTCTCACTTATACATCCATCCOCCCTOCATTA
AAGTEAMCACCOTCT TCCTOTCACTTATACATCOGATCCCOCCTECATTA
TASTOACACCOSTTT TCCTCTCACTTATACATCOATCCOOCCOGCATTA
TACTAAAACACCOTTT TCCTOTOACTTATASATCCGATCCCOCCOCCATTA
AT O AT T T TECTCTOALTTATACATCCATCCOCOCCOCATT.
TACTOAAACACCOTTT TOCTOTCALTTATACATCOATCCOOCCCOCATTA
TACTOAMGACCOTTT TCCTCTCALTTATASATCOATCCOOCCCOOATTA
TACTOAAACACCOTTT TCCTCTOACTTATASATCOATCCOOCCCOEATTA
T AT O GGG T T T TECTOTCACTTATACATCCATCOCOGCCOCATT,
TACSTOAAACACCOTTT TCCTCTOACTTATACATCOATCCCOCCOCCATTA
TACTOAAACACCCTTT TCCTOTOALTTATAGATCOATCCOCCCTOTATTA
TACTOAMACACCOTTT TCCTOTCACTTATACSATCCATCCOCCCCOCATTA
TASTCGAAACACCOTTT TCCTOTCACTTATACATCOATCOCOCSCOGOATTA
CACTAAMASACCOTCT TCCTCTOALTTATACATCOATCCOCCCCCOATTA
CACTOAAACACCOTCT TOCTOTCAS TTATACATCCATCCOCCCCOTATT.
CACTAAMIACACCCTCT TCCTCTOALTTATACATCOATCCOCCCCOCATTA
TACTAAAACALCOOCT TCCTOTOACTTATACATCOATCCCOOCCOTATTA
TACTGAAAGCCCCCTT TECTOTCALTTATAGATCGATCCGOCCCOGTATTA
TAATGAAACALCOTTT TCCTCTCALTTATACATCCALCCOOCOCOSTATTA
TASTGAAGCCCCCTTOCCTOTCACTTATACATCGALCCGOCCOGTATTA
TASTOAMIACACCCCTT COCTCTCACTTATACATCOALCOCOCCOCTATTA
TACTGAAAGACCOTTTOCTOTOALTTATASATCOALCCOOCCOCTATTA
T OTTAAAACACCCTTT CCCTOTOACTTATACATCCACCCOOCCOOTATTA

COTACTTOCTAAGCTAALGCCTTACCAALGCC GACCATACGTASCCOALCT
CCTACTTCCTAACSTAACCOCTTACCAASCC GACCATACSTASCOSALCT
CCTACTTOCTAACCTAACCCC T TADCAACCC GACGATACGTASCOGALCT
CCTASTTOOTAAGCTAATCOCTTALCAAGGC GACGATACGTAGCOGALCT
COTACTTOCTAACCTAATCOCTTACCAACCC CACCATACCTACCOGALCT
CCTASTTOCTAACCTAATCOCTTADCAAGCC GACCATACGTACCOGALCT
COTACTTOCTAASCSTAATCOCTTACCANCCC CACCATACCTASCOCALCY
CCTACTTOCTAAGCTAACCCCTTALCAAGCC GACCATACCTASCOGALCT
CCTACTTCCTAACCTAATCCCTTACCAMCCC AMCCATACCTACCOSALCY
CCTACTTOCTAACCTAATCOC TTACCAACGGC AMACCATACGTASCCSALCT
CCTACTTOSTAACCTAATCOCTTACCANCCC GACCATACSTASCOCALEY
CCTACTTOCTAACCTAACCCCT TACCAACCC AACCATACCSTASCOCALCT
CCTACTTOCTCCOCTAATCOCTTACOIMLCC AMACCATACCTACCOCALCY

a5 5 i 1(TE) IS5
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200
2c0
200
200
200
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200
200
200
200
200
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200
200
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Lactobacillus spp. phylogenetic tree

Methods of classification and identification of microorganisms

1- Morphological characteristics:

el S Caviiatll g and dal) 8 4 jeaall cLadl (g jaldall JSA aadiiy 4 200 die
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2- Differential staining: ‘
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3- Biochemical tests:
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CHAPTER 6

ANATOMY OF FLOWERING PLANTS

You can very easily see the structural similarities and variations in the
external morphology of the larger living organism, both plants and
animals. Similarly, if we were to study the internal structure, one also
finds several similarities as well as differences. This chapter introduces
you to the internal structure and functional organisation of higher plants.
Study of internal structure of plants is called anatomy. Plants have cells
as the basic unit, cells are organised into tissues and in turn the tissues
are organised into organs. Different organs in a plant show differences in
their internal structure. Within angiosperms, the monocots and dicots
are also seen to be anatomically different. Internal structures also show
adaptations to diverse environments.

6.1 THE TISSUE SYSTEM

We were discussing types of tissues based on the types of cells present.
Let us now consider how tissues vary depending on their location in the
plant body. Their structure and function would also be dependent on
location. On the basis of their structure and location, there are three types
of tissue systems. These are the epidermal tissue system, the ground or
fundamental tissue system and the vascular or conducting tissue system.

6.1.1 Epidermal Tissue System

The epidermal tissue system forms the outer-most covering of the whole
plant body and comprises epidermal cells, stomata and the epidermal
appendages — the trichomes and hairs. The epidermis is the outermost
layer of the primary plant body. It is made up of elongated, compactly
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arranged cells, which form a continuous layer. Epidermis is usually single-
layered. Epidermal cells are parenchymatous with a small amount of
cytoplasm lining the cell wall and a large vacuole. The outside of the
epidermis is often covered with a waxy thick layer called the cuticle which
prevents the loss of water. Cuticle is absent in roots. Stomata are structures
present in the epidermis of leaves. Stomata regulate the process of
transpiration and gaseous exchange. Each stoma is composed of two bean-
shaped cells known as guard cells which enclose stomatal pore. In
grasses, the guard cells are dumb-bell shaped. The outer walls of guard
cells (away from the stomatal pore) are thin and the inner walls (towards
the stomatal pore) are highly thickened. The guard cells possess chloroplasts
and regulate the opening and closing of stomata. Sometimes, a few epidermal
cells, in the vicinity of the guard cells become specialised in their shape and
size and are known as subsidiary cells. The stomatal aperture, guard
cells and the surrounding subsidiary cells are together called stomatal
apparatus (Figure 6.1).

~— Epidermal cells ——

- Subsidiary cells e N

- Chloroplast
\ Guard cells \
Stomatal

pore

Figure 6.1 Diagrammatic representation: (a) stomata with bean-shaped guard cells
(b) stomata with dumb-bell shaped guard cell

The cells of epidermis bear a number of hairs. The root hairs are
unicellular elongations of the epidermal cells and help absorb water and
minerals from the soil. On the stem the epidermal hairs are called
trichomes. The trichomes in the shoot system are usually multicellular.
They may be branched or unbranched and soft or stiff. They may even
be secretory. The trichomes help in preventing water loss due to
transpiration.

6.1.2 The Ground Tissue System

All tissues except epidermis and vascular bundles constitute the ground
tissue. It consists of simple tissues such as parenchyma, collenchyma
and sclerenchyma. Parenchymatous cells are usually present in cortex,
pericycle, pith and medullary rays, in the primary stems and roots. In
leaves, the ground tissue consists of thin-walled chloroplast containing
cells and is called mesophyll.
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6.1.3 The Vascular Tissue System

The vascular system consists of complex tissues,
the phloem and the xylem.The xylem and
phloem together constitute vascular bundles
(Figure 6.2). In dicotyledonous stems,
cambium is present between phloem and
xylem. Such vascular bundles because of the
presence of cambium possess the ability to form
secondary xylem and phloem tissues, and hence
are called open vascular bundles. In the
monocotyledons, the vascular bundles have no
cambium present in them. Hence, since they do
not form secondary tissues they are referred to
as closed. When xylem and phloem within a
vascular bundle are arranged in an alternate
manner along the different radii, the
arrangement is called radial such as in roots.
In conjoint type of vascular bundles, the xylem
and phloem are jointly situated along the same
radius of vascular bundles. Such vascular
bundles are common in stems and leaves. The
conjoint vascular bundles usually have the
phloem located only on the outer side of xylem.

6.2 AnATOMY OF DICOTYLEDONOUS AND
MONOCOTYLEDONOUS PLANTS

For a better understanding of tissue
organisation of roots, stems and leaves, it is
convenient to study the transverse sections of
the mature zones of these organs.

6.2.1 Dicotyledonous Root

Look at Figure 6.3 (a), it shows the transverse
section of the sunflower root. The internal tissue
organisation is as follows:

The outermost layer is epiblema. Many of
the cells of epiblema protrude in the form of
unicellular root hairs. The cortex consists of
several layers of thin-walled parenchyma cells

73

— Xylem

@« &

' Phloem
(a)
P i
e LY 16111

(b)

‘ ‘ qﬁ Phloem

et e~ Cambium

ST — Xylem

(c)

Figure 6.2 Various types of vascular bundles :
(a) radial (b) conjoint closed
(c) conjoint open
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Epidermis
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Endodermis
Pericycle

< Protoxylem
Metaxylem
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Endodermis
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\ Pith
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(b)

Figure 6.3 T.S. : (a) Dicot root (Primary)
(b) Monocot root
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with intercellular spaces. The innermost
layer of the cortex is called endodermis.
It comprises a single layer of barrel-
shaped cells without any intercellular
spaces. The tangential as well as radial
walls of the endodermal cells have a
deposition of water-impermeable, waxy
material suberin in the form of casparian
strips. Next to endodermis lies a few layers
of thick-walled parenchyomatous cells
referred to as pericycle. Initiation of lateral
roots and vascular cambium during the
secondary growth takes place in these
cells. The pith is small or inconspicuous.
The parenchymatous cells which lie
between the xylem and the phloem are
called conjuctive tissue. There are
usually two to four xylem and phloem
patches. Later, a cambium ring develops
between the xylem and phloem. All tissues
on the innerside of the endodermis such
as pericycle, vascular bundles and pith
constitute the stele.

6.2.2 Monocotyledonous Root

The anatomy of the monocot root is similar
to the dicot root in many respects (Figure
6.3 b). It has epidermis, cortex, endodermis,
pericycle, vascular bundles and pith. As
compared to the dicot root which have fewer
xylem bundles, there are usually more
than six (polyarch) xylem bundles in the
monocot root. Pith is large and well
developed. Monocotyledonous roots do not
undergo any secondary growth.

6.2.3 Dicotyledonous Stem

The transverse section of a typical young
dicotyledonous stem shows that the epidermis
is the outermost protective layer of the stem
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(Figure 6.4 a). Covered with a thin layer of cuticle, it may bear trichomes and
a few stomata. The cells arranged in multiple layers between epidermis and
pericycle constitute the cortex. It consists of three sub-zones. The outer
hypodermis, consists of a few layers of collenchymatous cells just below the
epidermis, which provide mechanical strength to the young stem. Cortical
layers below hypodermis consist of rounded thin walled parenchymatous
cells with conspicuous intercellular spaces. The innermost layer of the cortex
is called the endodermis. The cells of the endodermis are rich in starch
grains and the layer is also referred to as the starch sheath. Pericycle is

Figure 6.4 T.S. of stem : (a) Dicot (b) Monocot
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present on the inner side of the endodermis and above the phloem in the
form of semi-lunar patches of sclerenchyma. In between the vascular bundles
there are a few layers of radially placed parenchymatous cells, which constitute
medullary rays. A large number of vascular bundles are arranged in a ring ;
the ‘ring’ arrangement of vascular bundles is a characteristic of dicot stem.
Each vascular bundle is conjoint, open, and with endarch protoxylem. A
large number of rounded, parenchymatous cells with large intercellular
spaces which occupy the central portion of the stem constitute the pith.

6.2.4 Monocotyledonous Stem

The monocot stem has a sclerenchymatous hypodermis, a large number
of scattered vascular bundles, each surrounded by a sclerenchymatous

Bundle sheath

Adaxial
epidermis

.or Palisade
. T, .2
s+ .+, , mesophyll
v *
.

Air cavity
Spongy
e i o — mesophyll
i B 9.@ Sub-stomatal
S5t Son 2 a VS e cavity
=
: =R LL= Stoma Abaxial
@ epidermis
Adaxial
epidermis
Xylem
Mesophyll
Sub-stomatal
cavity
Abax1a1
_— epidermis
\— Stoma
Phloem
(b)

Figure 6.5 T.S. of leaf : (a) Dicot (b) Monocot
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bundle sheath, and a large, conspicuous
parenchymatous ground tissue (Figure
6.4 b). Vascular bundles are conjoint and
closed. Peripheral vascular bundles are
generally smaller than the centrally
located ones. The phloem parenchyma is
absent, and water-containing cavities are
present within the vascular bundles.

6.2.5 Dorsiventral
(Dicotyledonous) Leaf

The vertical section of a dorsiventral leaf
through the lamina shows three main
parts, namely, epidermis, mesophyll and
vascular system. The epidermis which
covers both the upper surface (adaxial
epidermis) and lower surface (abaxial
epidermis) of the leaf has a conspicuous
cuticle. The abaxial epidermis generally
bears more stomata than the adaxial
epidermis. The latter may even lack
stomata. The tissue between the upper
and the lower epidermis is called the
mesophyll. Mesophyll, which possesses
chloroplasts and carry out
photosynthesis, is made up of
parenchyma. It has two types of cells — the
palisade parenchyma and the spongy
parenchyma. The adaxially placed
palisade parenchyma is made up of
elongated cells, which are arranged
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vertically and parallel to each other. The oval or round and loosely arranged
spongy parenchyma is situated below the palisade cells and extends to
the lower epidermis. There are numerous large spaces and air cavities
between these cells. Vascular system includes vascular bundles, which
can be seen in the veins and the midrib. The size of the vascular bundles
are dependent on the size of the veins. The veins vary in thickness in the
reticulate venation of the dicot leaves. The vascular bundles are
surrounded by a layer of thick walled bundle sheath cells. Look at
Figure 6.5 (a) and find the position of xylem in the vascular bundle.

6.2.6 Isobilateral (Monocotyledonous) Leaf

The anatomy of isobilateral leaf is similar to that of the dorsiventral leaf in
many ways. It shows the following characteristic differences. In an
isobilateral leaf, the stomata are present on both the surfaces of the
epidermis; and the mesophyll is not differentiated into palisade and spongy
parenchyma (Figure 6.5 b).

In grasses, certain adaxial epidermal cells along the veins modify
themselves into large, empty, colourless cells. These are called bulliform
cells. When the bulliform cells in the leaves have absorbed water and are
turgid, the leaf surface is exposed. When they are flaccid due to water
stress, they make the leaves curl inwards to minimise water loss.

The parallel venation in monocot leaves is reflected in the near similar
sizes of vascular bundles (except in main veins) as seen in vertical sections
of the leaves.

SUMMARY

Anatomically, a plant is made of different kinds of tissues. The plant tissues are
broadly classified into meristematic (apical, lateral and intercalary) and permanent
(simple and complex). Assimilation of food and its storage, transportation of water,
minerals and photosynthates, and mechanical support are the main functions
of tissues. There are three types of tissue systems — epidermal, ground and
vascular. The epidermal tissue systems are made of epidermal cells, stomata
and the epidermal appendages. The ground tissue system forms the main bulk
of the plant. It is divided into three zones — cortex, pericycle and pith. The vascular
tissue system is formed by the xylem and phloem. On the basis of presence of
cambium, location of xylem and phloem, the vascular bundles are of different
types. The vascular bundles form the conducting tissue and translocate water,
minerals and food material.

Monocotyledonous and dicotyledonous plants show marked variation in their
internal structures. They differ in type, number and location of vascular bundles.
The secondary growth occurs in most of the dicotyledonous roots and stems.
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EXERCISES

Draw illustrations to bring out the anatomical difference between
(a) Monocot root and Dicot root
(b) Monocot stem and Dicot stem

Cut a transverse section of young stem of a plant from your school garden and
observe it under the microscope. How would you ascertain whether it is a
monocot stem or a dicot stem? Give reasons.

The transverse section of a plant material shows the following anatomical
features - (a) the vascular bundles are conjoint, scattered and surrounded by a
sclerenchymatous bundle sheaths. (b) phloem parenchyma is absent. What
will you identify it as?

What is stomatal apparatus? Explain the structure of stomata with a labelled
diagram.

Name the three basic tissue systems in the flowering plants. Give the tissue
names under each system.

How is the study of plant anatomy useful to us?

Describe the internal structure of a dorsiventral leaf with the help of labelled
diagrams.
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What is nanotechnology?

Jeremy J. Ramsden

Department of Advanced Materials, Cranfield University, Bedfordshire, UK

The term nanotechnology was first used in 1974 by the late Norio Taniguchi' (University of
Tokyo) to refer to the ability to engineer materials precisely at the scale of nanometres.? This is in
fact its current meaning; ‘engineer materials’ is usually taken to comprise the design, characteriza-
tion, production and application of materials, and the scope has nowadays been widened to
include devices and systems rather than just materials. Nanotechnology is thus defined as the
design and fabrication of materials, devices and systems with control at nanometre dimensions.

The essence of nanotechnology is therefore size and control. Because of the diversity of
applications, the plural term ‘nanotechnologies’ is preferred by some; nevertheless, they all
share the common feature of control at the nanometre scale.

What is nanoscience?

Sometimes a distinction is made between nanotechnology and nanoscience, the latter
focusing on the observation and study of phenomena at the nanometre scale, and ways of
manipulating matter at that scale, at which many properties of matter differ from those familiar at
larger scales. The distinction is not of great importance, however: the nanotechnologist will
perforce have to observe, study and manipulate matter in the course of his or her work.
‘Nanoscience’ suggests a solid body of theory, upon which a technology could be built; such
theory is still inchoate, however, and the nanotechnologist is as likely to contribute to it as the
nanoscientist. In this essay the term ‘nanotechnology’ will be used in an all-embracing sense.

'N. Taniguchi, “On the basic concept of nano-technology”. Proc. Intl Conf. Prod. Engng Tokyo, Part 11
(Jap. Soc. Precision Engng).

>The nanometre, 10~ m, i.e. one millionth of a millimetre, is the characteristic scale of molecules, i.e.
groups of atoms bound covalently together. Atoms are of the order of 1 A in size, i.e. 0.1 nm; hence a true
nano-object would have to contain tens or hundreds of atoms to achieve the requisite size. To get a feel
for the smallness of the nanometre, note that within one second human hair grows a few nm, and
continents drift by a similar amount.

Nanotechnology Perceptions 1 (2005) 3—17 ©2005 Collegium Basilea
Received 31 March 2005
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What is nanobiotechnology?

Nanobiotechnology and bionanotechnology—they are essentially synonyms—refer to
materials and processes at the nanometre scale that are based on biological, biomimetic or
biologically-inspired molecules, and nanotechnological devices used to monitor or control
biological processes, e.g. in medicine. An example of the former is the optically switched optical
switch incorporating the biomolecule bacteriorhodopsin® and an example of the latter is the
biochip—an array of known DNA fragments used to capture unknown DNA from a sample.

The relation of nanotechnology to chemistry, biology and quantum mechanics

Nanotechnology is (rightly) considered to be rather new, but it is by no means the only field
concerned with atoms and molecules. In different ways, the disciplines of physics, chemistry
and biology have long dealt with atoms and molecules, their behaviour and their manipulation;
and quantum mechanics is already firmly established as the science of the absolutely small. What
is then really new in nanotechnology?

Chemistry

Chemistry is a powerful contender for the nanotechnology label. Nevertheless, there is an
essential difference in approach. While chemistry also deals with the manipulation of molecules,
and hence is no stranger to nanometre dimensions, the chemist does not control systems in the
way that the engineer does. Molecules mostly reside in their free energy minima and it requires
ingenuity, intuition and luck to steer their precursors along the paths to the desired end product.
Chemistry thus lacks the dictatorial element of control over matter as practised by the engineer.

That is not to say that chemistry is not tremendously important to nanotechnology, but until
now that importance has been rather negative, in the sense that chemical reality often thwarts the
nanotechnologist’s desire. A good illustration of this is Eigler and Schweizer’s now famous
experiment in which they manipulated molecules of xenon on a surface to form the letters ‘IBM”.*
They attempted to generate structures in dictatorial engineering mode, but were ultimately
limited by chemistry: they could not put the atoms wherever they wanted, but only at certain
lattice sites of the underlying surface, even at the ultralow temperature (4 K, i.e. just four
degrees centigrade above absolute zero) at which they had to work. At present it looks as
though chemistry may impose fundamental limitations on the freedom of the nanotechnologist to
manipulate matter at the atomic and molecular scales.

3P. Ormos et al., “Protein-based integrated optical switching and modulation”. Appl. Phys. Lett. 80 (2002)
4060-4062.

4 D.M. Eigler and E.K. Schweizer, “Positioning single atoms with a scanning tunnelling microscope”.
Nature (Lond.) 344 (1990) 524-526.

Nanotechnology Perceptions (2005)
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Biology

Biology is considered to provide living proof of principle of nanotechnology. Biological
structures at macromolecular and supramolecular scales are apparently assembled using the
principles of self-assembly so eagerly sought by the nanotechnologist, and these structures, mostly
protein-based, often combine extraordinary lightness with extraordinary strength, and may be
miniature mechanisms of marvellous complexity. Two examples of amazing mechanical devices
are the so-called F, ATPase enzyme that uses a proton gradient across the membrane in which it is
embedded to synthesize that universal biological energy provider, adenosine triphosphate (ATP);
and the so-called type III secretion system (TTSS)—a spherical assembly of needles found on
the surface of certain pathogenic bacteria, and used to inject poison into their targets.

Quantum mechanics

Size is mostly a relative term, but quantum mechanics offers a definition of absolute
smallness: a system is absolutely small if it is perturbed by the act of observing it.> Thus a photon
is usually destroyed by the act of observation, or its state is irretrievably altered. Most
nanosystems are not small enough for this to be the case. Nevertheless, quantum effects are
needed to understand certain nano-objects, for example the small clusters of atoms called
quantum dots, nanodots or nanoparticles. These objects are tiny spheres of a solid, typically a
semiconductor. In condensed matter, electrons are no longer the point particles they are
believed to be in free space, but have extension, quantified by their Bohr radius, which can vary
from a few to hundreds of nanometres, depending on the material. It is possible to make
nanoparticles smaller then the Bohr radius of electrons in them, thus the electrons are subjected
to quantum confinement, with the observable effect that the optical absorption and fluorescent
emission of the particle are shifted towards higher energies, the magnitude of the shift depending
on the particle size. Quantum effects must also be considered with ultraminiaturized electronic
circuitry—single electron devices.

In summary, physics, chemistry and biology strongly overlap with nanoscience (defined as
the study of matter at the molecular scale), but differ essentially from nanotechnology, which
seeks to impose control over materials and devices at that scale. Quantum mechanics affects the
performance of devices at the lower end of the size range of nano-objects. Nanoscience and
nanotechnology could therefore be defined via the convergence of chemistry, biology, physics
and engineering. If one emphasizes this unity, it makes sense to refer to nanotechnology in the
singular; if one wishes to emphasize the diversity of applications, then it makes sense to refer to
nanotechnologies in the plural.®

3 There are also “macroscopic” examples of this: asking a question of a person alters her mental state and
their answer reflects that altered state, not the state immediately prior to asking the question.

% Nanotechnology is sometimes considered as just one of four converging technologies, the other three
being biotechnology and bio-medicine, information technology, and cognitive science (the NBIC—
Nano-Bio-Info-Cogno—quartet); alternatively all may be considered as part of nanotechnology.
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What are the key elements of the technology?

The technology of realization can be conveniently divided into fabrication (of materials
and devices) and metrology. Both these areas are well covered by other essays in this issue, so
here we shall only say a few words about them. Fabrication is divided into ‘top down’ and
‘bottom-up’ techniques. The former constitutes a seamless continuum of processes becoming
ever more miniature (Figure 1). There is now considerable overlap between ever more precise
cutting and grinding tools (as epitomized by the Cranfield “Tetraform”) and the techniques now
dominating the integrated circuit industry, in which patterns are transferred (using
photolithography or electron beam lithography) onto semiconductors and material is removed
by chemical or ion beam etching.

Machining accuracy

I I I >
1940 1960 1980 2000

Year

Figure 1. Top down nanotechnology—the evolution of machining accuracy (after N. Taniguchi,
“Current status in, future trends of, ultraprecision machining and ultrafine materials processing”.
Annals CIRP 32 (1983) 573-582).

The photolithography family of techniques is hugely expensive, and hence only economical
if vast numbers of replicas can be produced. The large capital expense of these fabrication
facilities has driven the search for other methods of making ultrasmall devices, namely by the
process called self-assembly or autofabrication. This comprises the production of precursors,
typically molecules or simply shaped objects that can be produced en masse at low cost,
designed such that when they are mixed togther in a supporting medium, which might be water
or an organic liquid, they connect together in a strictly predefined fashion in order to create
complex three dimensional structures. The process is therefore more accurately called self-
connecting. An important inspiration for the feasibility of self-connecting fabrication has been the
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assembly of bacteriophage from precursor structures.” No devices of practical, commercial
utility are currently made by this route, however. A major difficulty is the current lack of design
tools with which manufacturable precursors can be specified for a given final device; most of the
work reported in the field describes structures that were observed to be formed from some
interesting precursors. Nevertheless, the much lower capital costs of this fabrication route, and
hence the possibility of manufacturing smaller quantities of devices, continues to motivate
research work in the field.

Self-connecting processes were studied both experimentally and theoretically long before
the appearance of nanotechnology. Although they are considered now to belong to it, as are the
‘top down’ processes which, since Taniguchi’s article, have reached the nanometre scale, the
most characteristic nanotechnological fabrication process is molecular manufacturing, in
which devices are assembled molecule by molecule, or even atom by atom.® The assembly
would be carried out by purpose-built assemblers, which would themselves be the final
products of a chain of machine tool manufacture, in which machines at one level would make the
parts for a smaller machine at the subsequent level, as was suggested by R.P. Feynman in his
famous 1959 lecture “There’s plenty of room at the bottom”. Since the assemblers would
themselves be very small, they must also be very numerous if they are to be practically useful,
hence they should be able to manufacture copies of themselves (lest this self-replicating
capability overtaxes their information storage capacity (since they must in addition build other
objects), an alternative would be to reserve the self-replicating ability for the next level up).
Although the assembler also has its biological counterparts—subcellular organelles such as the
ribosome or the proteasome are considered to be living proofs of principle—nothing remotely
resembling an assembler has presently been built, and details of the realization of self-replication
are not the principle preoccupation of most nanotechnologists.

Metrology

Metrology is intrinsic to manufacturing. Any serious manufacturing process must
incorporate the means to quantitatively assess the quality of the manufactured objects. This topic
is covered in depth elsewhere in this issue; for now it will suffice to mention one of the main tools
of the nanometrologist, the atomic force microscope (AFM), now one of the family of scanning
probe microscopes. The two essential components of an AFM are a needle capable of
responding sensitively to small declivities of a surface, and the means to scan that needle across
the surface. In typical realizations of the AFM, the needle is mounted on a flexible, highly
reflecting cantilever onto which a collimated beam of light is directed; if for example a small
bump is encountered, the needle will be pushed up, moving the cantilever and displacing the
beam reflected from it. Scanning is accomplished by applying minute voltages to a piezoelectric

’E. Kellenberger, “Assembly in biological systems”. In: Polymerization in Biological Systems, CIBA
Foundation Symposium 7 (new series). Amsterdam: Elsevier (1972).
8K_E. Drexler, Engines of Creation. New York: Doubleday (1986).
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crystal on which the sample is mounted, which converts electricity into spatial displacement.

As well as being a tool for metrology, the AFM is also considered to be a kind of prototype
assembler, with which atoms can be pushed into place, as in Eigler and Schweizer’s experiment
already referred to.*

What can nanotechnology do for us?

Here we approach the question of why nanotechnology is often stated to be revolutionary.
Let us consider three distinct aspects (Figure 2): indirect, direct and conceptual. By indirect is
meant the progressive miniaturization of existing technologies, which opens up new areas of
application for those technologies. Direct refers to the application of novel, nanoengineered
artifacts, either to enhance the performance of existing processes and materials, or for wholly
novel purposes. Finally, there is the conceptual aspect of nanotechnology, in which all materials
and processes are considered from a molecular or even atomic viewpoint, as in living systems, in
which complicated molecules (like proteins) are broken down into their constituent amino acids,
which are then used for the templated synthesis of new proteins. The artificial counterpart of this
process is largely untouched territory. Entirely novel integrated manufacturing life cycles await
development, in which extreme energy economy and the absence of unpleasant waste products
will be prominent. Furthermore, the conceptual nano-viewpoint offers the possibility of a new
understanding of the world, its structures and its processes.

Nanotechnology
I |
Progressive Novel nanomaterials Concept of
miniaturization and nanodevices nanoengineering:
atom-by-atom
| | control and
Electronic High High Nanobots assembly
circuits E’efirefs%régaelslce performance [ |
- materials
(ultraprecision Surgery Universal
machining) ’—‘—‘ manufacturing
. . paradigm
Photonic Cosmetics, Ultralight
circuits pharmaceuticals aircraft (nano-
(nanoparticles) composites)

Figure 2. From left to right, the indirect, direct and conceptual branches of nanotechnology, with
examples.

Indirect nanotechnology is enabling technology. Miniaturization can quantitatively enhance
performance, and when a quantitative change is big enough, it becomes qualitative. A good
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example is provided by the history of the cellular telephone. Based on thermionic valves
(vacuum tubes), the circuitry for a cellular telephone would take up the volume of a large
multistorey building. The cellphone concept—which dates from the 1950s—only became useful
once the circuits and their components became small enough to fit into a handset. The minute
size of integrated circuit components enables circuits of far greater power and complexity to be
realized than would otherwise be practically possible. All the applications of powerful
computing, including the world wide web, are thus epiphenomena of nanotechnology.

Novel forms of matter, such as nanoparticles, or the still-to-be-realized nanosized robots
(nanobots), represent direct nanotechnology. There are many advances in this realm whose field
of application is such that the nanocomponent is hidden. A good example is nanofoils made from
thousands of alternating nanometre-thick layers of two different metals. A brief electrical pulse
applied across the foil initiates mixing of the two metals and the release of a large amount of
heat, sufficient for highly localized interfacial bonding of the materials between which the nanofoil
is placed. Therefore any assemblage whose components are bonded together using this
technique is a manifestation of nanotechnology. The assemblage could be very large, such as an
aeroplane.

Finally, by conceptual nanotechnology we mean that nanotechnology represents a novel
viewpoint from which to survey the world: one in which structures are scrutinized at the
nanometre scale, and processes are analysed by considering the movements of each individual
atom. This should lead to wholly new ways to understand the world—with the hope that the
underlying mechanisms of many hitherto puzzling phenomena will be thereby revealed.

But is this really so new? The answer is that although man often stumbled upon
nanomaterials with unique properties—mediaeval stained glass is an example—this was
apparently done without being aware of the nanostructuring. By way of illustration, consider that
although the properties of steel are now known to be due to structures existing down to the
nanometre level, steel was discovered and manufactured largely in ignorance of these
structures, and it makes little sense to call steel pioneers such as Bessemer nanotechnologists,
any more than it makes sense to call Neanderthal man an early nanotechnologist just because he
doubtless produced carbon nanotubes in abundance in his primitive cave fires. Using
nanometrology, these nanotubes are now characterized at unprecedented levels of detail,
accompanied by insights from computations.

Indeed, the whole realm of computational chemistry and materials science has acquired a
mantle of vastly greater significance through nanotechnology than it had previously. Before the
nano era, the difficulties faced by the computational scientists were well caricatured by the
worker who spent six months computing the density of water from first principles, finally
producing the result of 1 g/cm?, with an uncertainty of, say, =0.5 g/cm’, whereas a result with
four or more orders more of precision could have been obtained within a couple of minutes in a
modern analytical laboratory by simple weighing. The cardinal rule of computational science,
that calculations should only be undertaken if the desired result would thereby be obtained more
quickly than by experiment, has been broken so often that the discipline became marginalized,
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producing results that were at best confirmatory. Thanks however to the small size of nano-
objects, and to the vastly increased computational power enabled by circuit miniaturization,
their properties can now often be explicitly and usefully calculated from first principles, more
rapidly than they can be elucidated from experiment.

What has nanotechnology achieved so far?

The main areas of application to date are in electronics, photonics, pharmaceuticals and
cosmetics, and finishes for surfaces and textiles.

In the indirect realm, the most widespread application (of ‘top down’ nanostructuring of
semiconductors) is in circuit miniaturization, leading to exponentially increasing computational
power. Hence every manifestation of the expanding rle of computers, from the world wide
web to cellular telephones, is an indirect product of nanotechnology. Closely related to the
creation of circuitry is the fabrication of micro electro-mechanical systems (MEMS), in which
three-dimensional mechanical structures functioning as accelerometers, torque sensors,
pressure sensors and so on, are created in silicon.

In photonics, integrated optics, in which light is confined and modulated in structures smaller
than the wavelength of light, i.e. with length scales of the order of 100 nm, is now considered to
be a part of nanotechnology. Optical fibres are already very widely used for the transmission of
information (telecommunications) over long distances at very high data transmission rates and
capacities, and while switching and routing of data packets currently uses hybrid optoelectronic
or optoelectromechanical technology, prototype all-optical switches have already been
demonstrated. The successful realization of such devices is an essential precursor to the optical
computer. The second great area of exploitation of photonics is the realm of sensors, for both
physical and chemical parameters. Here, integrated optics offers scope for new types of
sensors far surpassing MEMS and electrochemical devices in precision, accuracy and
robustness. These photonic devices are presently manufactured by top down technology.

In the direct realm, nanoparticles are already widely used in skin cosmetic formulations.
Active ingredients in the form of nanoparticles retain the functionality of microparticles (e.g. the
ability to adsorb ultraviolet light), but do not scatter light, hence can be applied without
influencing the appearance of the skin. The drawback of minuteness is that the particles can pen-
etrate through the skin into the body almost without let or hindrance, with effects as yet largely
unknown.

Nanostructured “superhydrophobic” surfaces, directly inspired by nanoscopic studies of
the surfaces of “self-cleaning” leaves such as those of the lotus, can be applied to textiles,
window glass etc. with similar effect. Merely rinsing with water scavenges dust and dirt particles
from the surface, without, as yet, perceptible effects even among the ranks of cravat and
window cleaners. This niche application may however prolong the popularity of the glass cube
or parallelepiped among contemporary architects: hence indirectly, nanotechnology even
affects the built environment at large scales.
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By incorporating nanoparticles into a synthetic polymer matrix, either some existing attribute
of the polymer can be enhanced—a good example is diminished permeability for gases—or
some wholly new property, that of the particles, can be acquired by the blend—for example
magnetism, by the use of magnetic nanoparticles. The best nanoparticles for enhancing barrier
properties (diminishing gas permeability) are flat tablets—Ilike many natural clays—whose
presence in the matrix enormously increases the tortuosity of the average path followed by a gas
molecule diffusing through the material. These nanocomposites are used extensively in the
beverage industry as a thin coating on plastic bottles, which can therefore be made thinner while
keeping the same barrier function, or a stronger but more permeable polymer can be used.
Enhanced scratch resistance can be conferred by adding nanoparticles of a very hard substance
to the polymer, and so on. Nature abounds in such composites, wood being a well-known
example, in which cellulose, conferring mechanical strength, is blended with lignin, which glues
the cellulose fibres together. The first artificial nanocomposites, based on clays and polyamides
and made by dispersing preformed nanoparticles in monomer and polymerizing the matrix
around the nanoparticles, were introduced in the early 1990s by Toyota. Other routes to making
nanocomposites are blending preformed nanoparticles with the matrix, typically in a molten
state; and synthesizing the nanoparticles in situ within the matrix.

Envisaged applications

As Niels Bohr once famously remarked, it is always difficult to make predictions, especially
when they concern the future. Enthusiasts of nanotechnology assert that it will create revolutions
in every branch of human endeavour. Due to the almost universal penetration of computing
power into every branch of human activity, revolutions are likely by virtue of this indirect
application alone. Whether the revolutions will be disruptive is difficult to predict. The world has
been able to absorb internet and cellular telephone technology without so far significantly
disrupting the fabric of civilization, and successive innovations are apparently absorbed with
permanently increasing facility.

This section is mainly concerned with applications still being researched, but with sufficient
weight of proof of principle for the nature of the application to be already clearly perceptible.
The chief direct domains for which this appears to be the case are medicine and chemical
synthesis and analysis.”

In the indirect realm, the main application of nanotechnology is in materials, particularly
nanocomposites. The driving inspiration for their development is the notion that unique
combinations of properties can be achieved by anastomosis at the nanometre scale. Many
prototype materials are now being researched—there is particular interest in the aerospace
industry in the use of ultralight and ultrastrong composites for structural members, and ultrahigh
performance thermal barrier materials for turbine blade coatings—but the stringent safety

? These will spawn numerous indirect applications, of course, such as all the products made in chemical
nanoreactors.
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requirements of most aerospace applications imply lengthy intervals of the order of a decade
between laboratory demonstrations and large scale commercial use.

In the realm of ultraprecision machining, the coming generation of ultra high performance
telescopes with aspherically machined mirrors having a surface roughness of a few nanometres
are expected to enable astronomy based on visible wavelengths to forge ahead as never before,
based on the construction of gigantic terrestrial telescopes, and all that implies in terms of new
windows onto the universe, enabling fresh assessments of man and his relation to the cosmos.

Medicine

The current approach to pharmaceutical-based therapy, in which a drug is systemically
absorbed by the whole body in order to affect a single localized organ, is totally antithetical to
the concept of nanotechnology, according to which that organ, or diseased part of it, should be
targeted with molecular precision. The pharmaceuticals in current use rely on slight differential
selectivity of binding or uptake, and a dose sufficient to be effective against the diseased organ is
likely to have significantly deleterious effects on the body as a whole when weak binding and
uptake are summed over the entire rest of the body. The “smart medicine” or “magic bullet”,
targeting solely the organ of interest, has not yet been invented, but at least the conceptual basis
of what is required is clear: the drug needs to be addressed to its target, much as a letter is
addressed to an addressee. The present approach is akin to creating many copies of the letter
and scattering them from an aeroplane over an entire city, where many people will pick them up
and mostly discard them after cursory inspection.

An important area of imminent application is the implantable sensor for monitoring
physiological parameters. Heartbeat, blood pressure and blood oxygenation are all routinely
measured for patients in intensive care without the use of nanotechnology (although the powerful
computing devices enabled by nanotechnology could be used for more sophisticated pattern
recognition-based analysis of the data collected by those sensors); the next step in innovation
will come through micro- or nano-sensors, based on minute electrodes or optical fibres, with
which the concentrations of physiologically relevant molecules in the blood and other biofluids
and tissues can be measured. The working principles of these sensors are well known, and
some of them, notably the glucose sensor, are already in commercial use as of-line devices (i.e.
samples are taken from the patient and applied to the sensor). Implanting these sensors in the
body requires further advance in miniaturization, not only of the sensor itself but of its power
supply and data transmission capability. If such sensors are successfully developed, they will be
used not only in hospitals, but under normal circumstances of life whenever a person is
considered to be, by himself or his physician, at risk of succumbing to some abnormality. For this
approach to be really successful, the sensors need to be able to detect the incipient onset of
disease, for which advances in medical knowledge unrelated to nanotechnology are needed,
particularly the identification of novel biomarkers for different physiological states.

The third envisaged application of nanotechnology to medicine is in nanosurgery, a
development of microsurgery. Although complicated operations still require to be carried out in
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the traditional way, the diminished invasiveness implied by microsurgical techniques makes them
very attractive. The ultimate development in nanotechnology is considered to be quasi-
autonomous robots that can be released into the blood, through which they will travel to the site
needing intervention, where they will carry out the required repair work. If they incorporate a
camera—and miniature cameras able to travel through the digestive system while recording
images already exist cand are commercially available—then the ‘nanobot’ could be controlled
by external commands given by a surgeon. The possible algorithmic storage capacity of such
devices—it is this that is likely to be the limiting feature, rather than miniaturization of surgical
tools—is also being examined with the intention to establish whether a completely autonomous
device is feasible, which could itself target the site requiring treatment and carry it out.

Chemical synthesis and analysis

Miniature reactors offer significant advantages over bulk reactions. In the terminology of
nanotechnology, one has extreme control over every small packet of fluid moving through the
reactor, allowing the outcome of the chemistry, which in nearly every system of practical interest
is complicated enough to permit multiple outcomes, to be predicted with remarkable and
unprecedented accuracy. Even before the era of nanotechnology, it was beginning to be realized
that micromixing determined, to a primordial extent, the proportions of the different possible
reaction products, and just how inefficient and difficult thorough mixing is in conventional large
reaction vessels. Furthermore, in miniature reactors all parts of the fluid moving through the reactor
are in close proximity to the surface, allowing surface catalysis to be exploited very efficiently.

Until now, effort has concentrated on applying top down methods to fabricate miniature
reactors, which are mostly at the submillimetre scale at present, and in characterizing the
reactions taking place within them from a physico-chemical viewpoint. Relatively little attention
has been paid to evaluating the overall product cycle for microreactor-based manufacturing of
large volumes of chemicals, in which issues of the integration of vast numbers of reactors
operating in parallel have to be tackled. Clearly miniature reactor technology is especially well-
suited to making small batches of custom-synthesized chemicals.

Regarding chemical analysis (‘lab-on-a-chip’), burgeoning research, and even a special
journal exclusively devoted to the field, has resulted in the rapid accumulation of a large body of
empirical data on the performance of a great variety of different miniature analytical systems.
Significant advantages of the miniature systems—notably the need for only minute quantities of
sample, very small quantities of reagents, low power consumption etc.—have steadily driven
down the size of systems for chemical analysis, and devices of varying degrees of miniaturization
are already being exploited commercially.

What are the main challenges facing nanotechnologists?

In this final section, attention is drawn to those areas intrinsic to nanotechnology where there
has been rather little progress to date.
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Self-assembly

How to design precursor molecules able to move along a definite pathway of connexions
among themselves to yield a prespecified three dimensional structure is still an unsolved problem.
A powerful inspiration for devising such molecules are natural proteins. The pathways they
follow to achieve their final three dimensional structures with sophisticated functionalities have
been intensively studied, and there is now some hope of making synthetic analogues that would
self-connect according to the same principle, namely that of least action.

The nub of the problem is that there are too many possibilities of connexion for all to be
tried. Thus, even if the final desired structure lay in a free energy minimum, on average too many
fruitless sets of connexions would have to be sampled first, and the almost certain presence of
local free energy minima could cause the search to become stuck in a system of connexions very
different from the optimal one. In terms of the self-connecting of macromolecules, the principle
is, more concretely, the principle of sequential minimization of entropy loss." In the true
spirit of the principle of least action, as formalized by Boltzmann, the folding biomolecule follows
a pathway by repeatedly updating its configuration so as to minimize the loss of entropy while
maximizing the number of new contacts. This principle lies at the core of new, highly successful
biopolymer-folding algorithms. The challenge now is to find algorithms to solve the inverse
problem: when presented with a final structure, how should the precursor monomers be
constructed?

Molecular manufacturing

There are three main problems facing the “assemblers” supposedly capable of putting
together any kind of artefact. Firstly, they are of comparable size to the workpiece that they are
trying to fashion. All conventional engineering devices for machining matter are much larger than
the size of the object that they are designed to machine. This is to ensure that they are not
deformed by the reaction of the workpiece on the tool, which, in accord with Newton’s third
law, is equal and opposite to the action of the tool on the workpiece. What will prevent the nano-as-
sembler from being itself deformed and probably destroyed by the workpiece it is attempting to
fashion? The argument applies with equal force to non-mechanical machine tools, e.g. the
electric field at the tip of a scanning probe required to manipulate the atoms of a workpiece
would have to be strong enough to cause the tip itself to disintegrate.

Secondly, interfacial forces make nanoscale objects very sticky. It is well known that the
relative importance of different forces is scale-dependent: insects, but not humans, can transport
unaided a burden twenty times their own weight, and walk on water." The mass of a body
scales with the cube of'its length; muscle strength with the square, but surface tension scales

'”A. Fernandez and H. Cendra, “In vitro RNA folding: the principle of sequential minimization of entropy
loss at work™. Biophys. Chem. 58 (1996) 335-339.

""Human ingenuity has of course enabled humans to perform much more remarkable feats with the aid of
technology.
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linearly with characteristic length, hence it typically dominates not only in the nanometre régime,
but often in the micrometre one too. Whereas this domination has often been regarded as a
nuisance by the nanotechnologist, thwarting his attempts to position individual atoms or
molecules with nanometre precision, it can also be exploited with advantage, to make miniature
oscillators for example."

Thirdly, it will be difficult for the nanoassemblers to store sufficient information for both their
assembly tasks and self-replication. Ants and other social insects are often upheld as living
proofs of principle for the molecular assembler concept (ignoring the fact that even the smallest
such insects are many orders of magnitude bigger than the proposed assemblers). While it is
perfectly true that the elaborate nests and other structures that they build seem to be based on a
very small set of instructions modulated by information about the immediate environment (the
so-called stigmergic construction principle), every nest is substantially different from another in
detail—as indeed they must be in a natural environment, where every potential site also differs
from another in detail—but at present it has not been worked out whether such principles could
be used to construct the strictly standardized components, whose introduction was really crucial
to the industrial revolution and the era of mass manufacturing. That is not to say that stigmergic
principles cannot be exploited, only that the entire production cycle will need to be reexamined,
and further advances in information storage capacity will doubtless be required.

Nanoparticle safety

Since nanoparticles are very small, they can penetrate into parts of the body that other
forms of the same material cannot reach. A piece of aluminium is not considered to be toxic—
even cooking utensils are routinely made from it, but aluminium nanoparticles ingested via the
digestive system, or via skin penetration or the lungs, are likely to be highly toxic. Surprisingly
little work has been done so far on the toxicology of nanoparticles and nanotubes, except where
they are being used as medicines. This is partly due to familiarity with airborne micro- and
nanoparticles, i.e. smoke. It is presumed that human beings are able to cope with smoke from
garden bonfires, cigarettes, motor vehicle exhausts etc. This presumption needs to be examined
more closely. While the chimneyless cottage common in Russia two hundred years ago has
largely disappeared, the ubiquity of smoke even in modern living environments has somewhat
mnured society to its possible injurious effects. Nanotechnology itself offers the tools to investigate
airborne particles—nanophotonics (integrated optics) for detecting and quantifying them,
atomic force microscopy for auxiliary structural investigations, and so on. Medical science will
of course be heavily involved in these investigations, which will impact not only human cell
ultrastructure and effects on the immune system, but should also contribute to solving the riddle
of allergy.

'2B.C. Regan et al., “ Surface-tension-driven nanoelectromechanical relaxation oscillator”. Appl. Phys.
Lett. 86 (2005) 123119.
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Public acceptance

Nanotechnologists have become concerned that their work may suffer the fate that has
befallen genetically modified food (GMF) crops—public rejection. They should be reassured
by considerable differences between the two realms. GMF is a highly focused technology
impinging very directly on humans (where they are fed to animals, those animals are intended for
human consumption). Nanotechnology, on the other hand, comprises an enormously diverse set
of activities, many of which are already warmly embraced—some might say too warmly—by
the overwhelming majority of the public. The mobile telephone is the best example. The
relentless march towards miniaturization of almost all branches of technology means that the
consequential rejection of nanotechnology will comprise rejection of almost every artefact
associated with life at the beginning of the twenty first century. For example, even if
nanocomposites have yet to significantly influence aircraft design, amodern airliner has hundreds
of onboard computers all made using top down nanotechnology.

Public concerns about health hazards are often unpredictable, dictated more by fashion than
by sober consderation of available facts. Indirect effects of nanotechnology—such as
electromagnetic radiation from mobile telephones—might well be more deleterious than direct
effects, such as inhalation of nanoparticles, especially if one discounts all those sources of
nanoparticles, especially smokes, which have existed since time immemorial. What is needed is
not complacency, but the serious investigation of all risks; there is still far too little data, and that
lack often lends to their analyses the character of speculation.

Summary and conclusions

Nanotechnology, defined as both a technology for fabricating ultrasmall materials and
devices, and a concept in which everything in the world is considered from the viewpoint of atomic
or molecular building blocks, is already influencing a very broad range of human technological
activity. What are the implications of nanotechnology for materials, devices and systems? The
most immediate consequence of miniaturization of materials is the huge increase in surface area.
Hence for any material whose performance depends on specific surface area, nanoparticles
offer an immediate and automatic advantage. A further possible advantage is that the intrinsic
properties of the material may be changed for the better when it is finely divided. This is particu-
larly relevant for electronic and photonic devices, in which energy levels become discrete if the
device is small enough, allowing size-dependent tuning of output energy, and other advantageous
features (which are, however, lost in devices requiring arrays of particles if they are not uniform
in size). Intriguingly, silicon’s bandgap becomes direct rather than indirect if it is prepared in
pieces smaller than 5 nm, with significant implications for monolithic polyfunctional optoelectronic
devices. Finally, material miniaturization potentially allows diverse properties to be efficiently
combined in a single composite material, a combination that may be unattainable at the macro scale.

Probably nanoparticles represents the most widespread current form of nanomaterials. A
huge variety of different types of particles are already available, ranging from simple ultraviolet
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absorbers used in sunscreens to highly sophisticated and polyfunctional particles used to control
drug delivery, and in solar panels to harvest sunlight and convert it into electric current.
Magnetic nanoparticles have already enormously enhanced the performance of memory and
magnetic recording media. Carbon nanotubes show great promise as electron emitters, in which
role they may soon replace cumbersome cathode ray tubes.

Most miniature devices that have been demonstrated are still, strictly speaking, micro
devices. At the true nano scale, single electron devices are topics of intense research as the
basis of ultraminiature electronic circuits for computing and other applications. Biological
molecular motors are being intensively studied as a source of design inspiration for truly
nanoscale motors. Nano-optics is the term now used to describe the active field of integrated
optics, in which light is guided and controlled in structures whose dimension is considerably less
than the wavelength of light. Typical optical waveguides usable with visible or infrared radiation
are between 100 and 200 nanometers thick. The thin films deposited on top of optical
waveguides in order to carry out control functions may be only ten nanometres thick.
Nanodevices, particularly sensors for process control, have the advantage of being usable in highly
confined spaces. They are also generally highly sensitive, and typically far less costly than larger
devices. Furthermore, simply by being small, devices with different functions can be combined
on asingle chip, yielding novel polyfunctionality.

An overarching feature of nanotechnology is that it represents a viewpoint in which
problems of the understanding of underlying mechanisms are solved at the nanometre scale.
This often leads to unique insight into the operation of a process, enabling far better control to be
devised, in turn leading to far higher quality of output.

Nanotechnology Perceptions (2005)
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1. Phage attaches to the cell
surface of bacterium.

Prophage

2. Phage DNA enters 3. Phage DNA
the bacterial cell. integrates into
bacterial DNA.

4. Integrated prophage
replicates when bacterial
DNA replicates

These cells may exhibit new properties
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Figure (1. 9): BCX process (Latagroup, 2002).

BCX technology Biocide treatment

- Non hazardous inorganic salts -Toxic and hazardous chemicals
- Grows selectively beneficial populations -Tries for complete kill

- Lower cost - Relatively expensive

- Continuous in-situ cell production -Biocidal action reduced by dilution
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- Microbial actions within pore matrix
- Penetrates throughout reservoir
- Sulfide prevention

- Sulfide removal

- Environmentally safe
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-Biocide resistance develops
-Depleted action by absorption
-Partially successful sulfide control
-No sulfide removal

-Environmentally hazardous
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2-Class:Shizosaccharomycetes

Order: Shizosaccharomycetales

Family: Shizosaccharomycetacea

Shizosaccharomyces pombe
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2-Sub phylum:Saccharomycotina
Class:Saccharomycetes
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Life cycle of Saccharomyces
cerevisiae
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Phylum: Ascomycota
Subphylum: Pezizomycotina

Class: Eurotiomycetes

Subclass : Eurotiomycetidae

Order: Onygenelas

Family: Arthrodermataceae
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Phylum: Ascomycota
Subphylum: Pezizomycotina

Class : Sordariomycetes
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Subclass 1 : Sordariomycetidae
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Family: Sordariaceae
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Sordaria
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Chaetomium globosum a. Exterior of perithecium. b. Section
through perithecium with asci. ¢. Ascus with ascospores. d.
Mature ascospore.

Phylum: Ascomycota
Subphylum: Pezizomycotina
Class : Sordariomycetes
Subclass_Z__i Hypocreomycetidae

oS ¢ dadld ol ol iy 4y 4 el 4y, P\.u\;Y‘ oL sale o3l il il O dwad ol
apical 4l Gl ssa ) S chitinoid 4wS ) amyloid S g 5 (e 9SS
Aagiall O 53l 3 ga axc &lIXS ¢ rings

6\

Generated by CamScanner



Order: Hypocreales
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Subphylum: Pezizomycotina
Class : Leotiomycetes

Order : Eeysiphales
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Phylum: Basidiomycota
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Digestive system

* College of science, Biology department.
e Dr. Sanaa Jameel Thamer.



Digestive system

Nutrition : Process by which organisms obtain and utilize their food.
There are two parts to Nutrition:

1. Ingestion- process of taking food into the digestive system so that it may
be hydrolized or digested.

2. Digestion- the breakdown of food (either chemically or mechanically) in
order to utilize nutrients.

Types of Nutrients :

Micronutrients- vitamins, minerals, & water .
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Digestion

 Phases Include

1.
2.
3.

Ingestion
Movement

Mechanical and Chemical
Digestion

Absorption
Elimination

* Types:

Mechanical (physical):
* Chew
* Tear
* Grind
* Mash
* Mix
e Chemical: Enzymatic reactions to improve digestion of:
e Carbohydrates

* Proteins
e Lipids



Digestive System Organization

e Gastrointestinal (Gl) tract
* Tube within a tube
 Direct link/path between organs
* Structures
* Mouth
* Pharynx
* Esophagus
e Stomach
e Small intestine
* Large Intestine
e Rectum (Anus)
* The accessory digestive organs

Supply secretions contributing to the
breakdown of food
* Teeth & tongue
* Salivary glands
* Gallbladder
* Liver
* Pancreas

Human digestive system

fus Oral cavity
Salivary| Parotid gland
glands { Sublingual gland Phiarji

Ascending
portion of
large intestine

Gall-

| of small
. intestine

. Submandibular gland

/// > Esophag<

bladder
Pancreas

Cardiac
orifice

Liver \1\

Pyloric
sphincter

> - Stomach

Small \

intestine

Duodenum of
small intestine

Large
intestine

Anus
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Liver

Gallbladder
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Spleen
Stomach
Duodenum

Ligamentum teres
Transverse colon

Greater omentum .

Small intestine

Cecum '

Urinary bladder | s = . =



The Digestive Process
Ingestion \

Mechanical /B B .
digestion / Pharynx * Ingestion
* Chewi th Esophagus ° i i
:g:fﬁf:%i?ffm)m’ ) e Takl.ng in food through the mouth
(small intestine) + Swallowing ¢ PrOpU|S|On (movement of fOOd)
i * Swallowing
* PO SIS
d Gigestion o o * Peristalsis — propulsion by alternate contraction
small intestine, & re | axation

large intestine)
* Mechanical digestion
Stomach ° Chewmg
e Churning in stomach
* Mixing by segmentation

* Chemical digestion

s\ "

Sl 7 * By secreted enzymes: see later
':”""" * » Absorption
r N .
intestine % * Transport of digested end products into blood

S8, mainly H,0 and lymph in wall of canal

e Defecation

* Elimination of indigestible substances from body
as feces

Feces



Ingestion
*Mouth

*mechanical digestion : teeth : mechanically break down

food into small pieces. Tongue mixes food with saliva .
* Epiglottis is a flap-like structure at the back of the
throat that closes over the trachea preventing food from

entering it.

*Peristalsis : involuntary muscle contractions to move food along

echemical digestion

Saliva

*Water: liguify food into chyme
*Amylase : enzyme digests starch
*mucin

*slippery protein (mucus)

eprotects soft lining of digestive system
elubricates food for easier swallowing
*buffers : sodium bicarbonate
*neutralizes acid to prevent tooth decay
*Maintain neutral pH for amylase
eanti-bacterial chemicals

*kill bacteria that enter mouth with food

e Submancibglar
gard

Tolungs To stomach

Glottis up
and closed

Epiglom\/{j Esophageal

101/ sphincter

=

Epiglottis
up
Glottis
down
and open

Esophageal
sphincter
contracted

Relaxed
muscles

Contracted
muscles

Relaxed
muscles

Stomach



The Digestive System

Esophagus

* Approximately 10” long

* Functions include:

1.Secrete mucus /

2.Moves food from the throat to the
stomach using muscle movement called
peristalsis

* |f acid from the stomach gets in here
that’s heartburn.




Stomach

_ J
«J-shaped muscular bag widest part of alimentary canal that kariok suice ot slomvach cehincier /0 particle
stores the food 2 L, Temporary storage and mixing — 4 hours \"go }—Gastric
Food found in the stomach is called chyme. breaks it down into /5’;} e
tiny pieces. /-
Mixes food with digestive juices that contain enzymes to break ~ Stie L
down proteins and lipids.
* Pepsin (protein-digesting enzyme needing pH=2.5,secretion by  mucus :
chief cells in inactive form pepsinogen ) S e
eparietal cells secret :HCl (hydrochloric acid): pH=1.5-2.5, helps ohi = (9\
kill bacteria. also secret interensing factor that bind with B12 to cells l Pepsinogen — - Pepsin
facilitate its absorption. : e e
*Gastric juice made up water, mucus and digestive enzymes. o

| IR

*Most nutrients wait until get to small intestine to be absorbed;

exceptions are: Water, electrolytes, some drugs like aspirin and
alcohol (absorbed through stomach).

Chief cell

Parietal cell



Fundus

Stomach Regions coprcu

Cardiac orifice
in cardiac region

* Cardiac region e — Body
* Fundus (dome shaped) moms\{c.uy
o Body :zlou;ic L ‘ z
oric region na reater
* QGreater curvature R Pyloric antrum curvature
* Lesser curvature (a)
* Pyloric region
* Antrum
e Canal Cordin Fundus
o Sphincter Esophagus = 0 P -
Muscularis ' \, Serosa
externa: \ N
e sl Body
But the stomach is made out of Satigque layes \
protein! tﬁfff{us) I i
What stops the stomach from s

digesting itself?
Greater
curvature

mucus secreted by stomach cells

e

protects stomach lining i o Wi s

Pyloric sphincter Pyloric antrum



movement

 Peristalsis: series of involuntary
wave-like muscle contractions
which move food along the
digestive tract.

* Segmentation: reflxes cause a
forward and backward movement
with single segmentation of the G
tract, mixing food with digestive
juice and bring it with intestinal
mucosa to facilitate absorption.

* Observed in esophagus, stomach
and small intestine.

Muscle relaxed

Circular muscle

Bolus of food

Longitudinal
muscle

Muscles
contracted

Bolus of feod

Muscles
relaxed



Regulation of motility

Gastric motility : Chyme is ejected every 20 seconds into duodenum that controlled hormonal and
nervous mechanisms:

Hormonal mechanism: fat in duodenum stimulate release of gastric inhibitory peptide (GIP) which
decrease peristalsis of gastric muscle and slow passage of chyme into duodenum.

Nervous mechanism : receptors in the duodenal mucosa are sensitive to presence of acid and
distention, impulses over sensory and motor fibers in the vagus nerve cause a reflex inhibition of

gastric , interogastric reflex.

Small intestine:

Peristalisis moving the chyme through duodenum, jujnum and illum after mixing with enzymes that
take 5 hours, this regulated by reflexes and cholecystokinin hormone.



digestion

Chemical digestion: change in chemical composition of food resulted of hydrolysis.

Digestive enzymes: extracellular catalysts. Specific in their action. Function at specific pH.

Catalyze reaction in both direction. Continuously synthesized. Inactive proenzymes.

Protein digestion:

Protease
hydrolysis of
protein into
amino acids
(pepsinin GJ,
trypsin in PJ,
peptidases in
Intestinal brush
border.

Carbohydrate digestion:

Polysaccharides are
hydrolyzed by amylase to
disaccharides, sucrase,
lactase, maltase (cell
membrane of villi).

lipid digestion:

Fat insoluble in water so
emulsified by bile in Sl before
digestion.

Lecitin and bile salt form
micelles around fat droplets to
water soluble to break down.

Pancreatic lipase is the main fat
digestive enzymes.



Pancreas

*An organ which secretes both digestive
enzymes (exocrine) and hormones
(endocrine).

«** Pancreatic juice made of water and
inactive proenzymes, digests all major
nutrient types (trypsinogen).

*Trypsinogen activated by enterokinase ()
to trypsin that activated chymotrypsin
(protein), lipase (fat), nuclease (DNA,RNA)
and amylase (starch).

*Buffers :Neutralizes acid from stomach

*Nearly all digestion occurs in the small
intestine & all digestion is completed in the
SI.

Gall

Stomach
bladder

Bile
Intestinal
juice

Pancreatic juice
Pancreas

Duodenum of
small intestine

14



one acinus

i Pancreatic exocrine

duct

Acinar cells fu n Ctio n

ranuies * Compound acinar (sac-like)
o glands opening into large ducts
— (therefore exocrine)

e Acinar cells make 22 kinds of
enzymes

e Stored in zymogen granules
* Grape-like arrangement

* Enzymes to duodenum, where
activated

- 2
(b)

sarson Education. Inc., publishing as Benjamin Cummings.



Pancreatic endocrine function
(hormones released into blood)

Pancreatic acinar
cells (exocrine)

* Islets of Langerhans (AKA “islet
cells”) are the hormone secreting
cells

* Insulin (from beta cells)

* Lowers blood glucose (sugar)

* Glucagon (from from alpha cells)
* Raises blood glucose (sugar)

B (insulin- (of Langerhans)

- o (glucagon-
producing) cells

Pancreatic islet
producing) cells

16



Liver

*Function:
eproduces bile

] ] . glalclid Stomach
*bile stored in gallbladder until needed AgeRt
*breaks up fats Intestinal
juice
*Picks up glucose from blood
Pancreas
*Stores glucose as glycogen Duodenum of

small intestine
*Processes fats and amino acids

*Stores some vitamins
*Detoxifies poisons and drugs

*Makes the blood proteins

bile contains colors from
old red blood cells
collected in liver =

iron in RBC rusts & makes
feces brown 17

Round ligament t ;; %

(bgaosantan lans)




Gall bladder

e  Pouch structure located near the liver which
concentrates and stores bile.

* Bile duct — a long tube that carries BILE. The
top half of the common bile duct is associated
with the liver, while the bottom half of the
common bile duct is associated with the
pancreas, through which it passes on its way to
the intestine. Bile emulsifies lipids (physically
breaks apart FATS).

* Bile is a bitter, greenish-yellow alkaline fluid,
stored in the gallbladder between meals and
upon eating is discharged into the duodenum
where it aids the process of digestion.

* Bile secretion stimulated by cholecystokinase.

* Bile contain cholesterol, bile pigments and
detoxification products for removal by feces.

hepatic ducts
(from the liver)

cystic duct / \

gallbladder
bile

common bile duct

pancreatic duct

hepatopancreatic duct
or ampulla pancreatic

\. pangreas juice

~<—————  duodenum

/ common hepatic duct

18



Small intestine

e Longest part of alimentary canal (2.7-5 m)

Structure: 3 sections
 duodenum = most digestion
e jejunum = absorption of nutrients & water Small intestine
* ileum = absorption of nutrients & water.

. smaII)intestine has huge surface area = 300m?(~size of tennis
court) .

Function : chemical digestion
* major organ of digestion & absorption
* Most chemical digestion takes place here.

* Most enzymatic digestion occurs here , Most enzymes secreted
by pancreas, not small intestine. /‘ {
Duodenum —————

* |J: basic, mucus solution that lubricate materials in it. F
* absorption through lining: Almost all absorption of nutrients Jejunum (%

Simple sugars and proteins are absorbed into the inner lining.
Fatty acids and glycerol go to lymphatic system.

Heum

Lti1nel? with villi, which increase surface area for absorption, one cell
thick.

19



Duodenum

e 1st section of small intestines
e acid food from stomach
* mixes with digestive juices from:

 Almost 90% of our daily fluid intake
is absorbed in the small intestine.

Vein carrying
blood to
hepatic portal

|

Microvilli
(brush border)

* Absorption through villi & microvilli
 finger-like projections
* increase surface area for

absorption thus providing better
absorption of materials.

* 80% ingested water
* Vitamins

* Minerals

e Carbohydrates

* Proteins

* Lipids

AABTEANRRASRAVRALRLRS
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; e < "
N == Vo Yo
# -"..:’ /) D) et
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5 1
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A i\
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Epithelial cells

»oe

Intestinal wall
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Absorption

* Water by is absorbed by osmosis >

* Na is pumped out of the cell creating a concentration gradient allowing Na to
move out the Gl lumen . Glucose is too large and hydroplilic to move easily
through the membrane so must transported via Na contransport.

* Amino acid move similarly to glucose.

* After absorption, the nutrients move Through hepatic portal system to liver
which store excess nutrients and the rest leave via hepatic vein into circulation.

e Fat :included triglycerides, phospholipids ,steroid , fat soluble vitamin; bile slts
and lecithin surround fatty acids to form micelles that approach the brush border
, simple lipid molecules pass though the membrane that inside the cell form
chylomicrone absorbed by lacteals and move through lymphatic system that
allow it to enter the blood stream.



Large intestines (colon) -

*Function: re-absorb water
use ~9 liters of water every day in digestive juices
*> 90% of water reabsorbed

Solid materials pass through the large intestine. These are
undigestible solids (fibers).

] i ] Diverticulitis
*Vitamins K and B are reabsorbed with the water. with rupture

eLast section of colon (large intestines)

.eliminate feces eLiving in the large intestine is a community of

helpful bacteria

eundigested materials *Escherichia coli (E. coli)
sextracellular waste *produce vitamins
mainly cellulose from plants *vitamin K; B vitamins

egenerate gases

roughage or fiber

masses of bacteria

not enough water absorbed
diarrhea

too much water absorbed
constipation 22

*by-product of bacterial metabolism
*methane, hydrogen sulfide




From
cerebral
cortex
(conscious
control)

nerve fibers

’Sensory

Voluntary ——
motor nerve

to external
anal sphincter

anal sphincter
(skeletal muscle)

External g

Involuntary motor
nerve (parasym-
pathetic division)

Internal
anal
sphincter
{smooth
muscle)

Defecation
1. Triggered by stretching of wall,

mediated by spinal cord
parasympathetic reflex

Stimulates contraction of
smooth muscle in wall and
relaxation of internal anal
sphincter

If convenient to defecate
voluntary motor neurons
stimulate relaxation of
external anal sphincter

(aided by diaphragm and
abdominal wall muscles -called
Valsalva maneuver)
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Appendix

Vestigial organ |

Ascending
portion of
large intestine

Gall-
JJ (‘3 lleuri . bladder

intestine \ Pancreas

Small
intestine

Large

" / o intestine
‘ Rectum =
- Anus
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Digestive Homeostasis Disorders

ULCERS - erosion of the surface of the alimentary canal
generally associated with some kind of irritant.

CONSTIPATION — a condition in which the large intestine is
emptied with difficulty. Too much water is reabsorbed
and the solid waste hardens.

DIARRHEA - a gastrointestinal disturbance characterized
by decreased water absorption and increased peristaltic
activity of the large intestine. This results in increased,
multiple, watery feces. This condition may result in severe
dehydration, especially in infants.

APPENDICITIS — an inflammation of the appendix due to
infection, Common treatment is removal of the appendix
via surgery

Peptic Ulcer Disease

25



Digestive Homeostasis Disorders

*GALLSTONES — an accumulation of
hardened cholesterol and/or calcium
deposits in the gallbladder, surgically
removed.

*ANOREXIA NERVOSA - a psychological
condition where an individual thinks
they appear overweight and refuses to
eat. Weighs 85% or less than what is
developmentally expected for age and
height, Young girls do not begin to
menstruate at the appropriate age.

*HEART BURN — ACID from the | )3
stomach backs up into the esophagus. 7 ==

Esophagus

Stomach
contracted
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Human Excretory System

composed of: *waste and what its
kidney-functional unit of a kidney- nephron) removed by :

lungs (alveoli)

skin (sweat glands) 1-carbon dioxide- lungs.

2-water - skin, kidney,

Liver lungs.
types of metabolic wastes: 3-salts - skin, kidney.
Waste Produced from 4-ammonia — liver.
Carbon Dioxide Aerobic Respiration S-urea - kidney .
Water Aerobic Respiration

Salts Metabolic activities

Nitrogenous wastes Breakdown of excess

Amino Acids &

Proteins

types of nitrogenous wastes toxicity

Ammonia (NH3) Highly Toxic

Urea Moderately Toxic

Uric Acid Crystals Minimally Toxic
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Left kidney

Left suprarenal
vein

Left suprarenal

Left renal artery &
Left renal vein A
Superior = 3
mesenteric artery 7T 8

¢ .

Left ureter

Abdominal aorta

Gonadal arter raun S :
and vein d (b) Anterior view of left kidney
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= The Urinary System

= Paired kidneys

= Aureter for each kidney
= Urinary bladder

= Urethra

Main Functions of Urinary System
= Kidneys filter blood to keep it pure
= Toxins
= Metabolic wastes
= EXcess water
= EXcess ions
= Dispose of nitrogenous wastes from blood
= Urea
= Uric acid
= Creatinine
= Regulate the balance of water and electrolytes, acids and bases
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Kidney has two regions:
Cortex: outer

Columns of cortex divide
medulla into “pyramids”

Medulla: inner

Darker, cone-shaped
medullary or renal pyramids
Parallel bundles of urine-
collecting tubules

The human kidney has lobes
Pyramid and cortical tissue
surrounding it 5-11 per
kidney . Renal pelvis
(=basin) Expanded, funnel
shaped, superior part of
ureter Branches to form two
or three major calices (seen
best on right pic below).

1. Renal Vein

2. Renal Artery

3. Renal Calyx

4. Medullary Pyramid
5. Renal Cortex

12. Renal Column
13. Renal Papillae
14. Renal Pelvis

15. Ureter
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Nephron :first part of nephron filters blood, producing a fluid without any of the larger
blood elements (proteins, cells), this fluid, called filtrate, is chemically identical to
blood plasma at first , the rest of the nephron is a series of tubes which either move
nutrients out or wastes into the filtrate to produce urine at the end.

afferent arteriole

branch of the renal artery, supplies blood to the glomerulus

glomerulus

knot of capillaries inside Bowman'’s capsule, some of the blood inside turns into filtrate
as it leaks out of the capillary walls

Bowman’s capsule

bulbous end of the nephron, collects filtrate from the glomerulus. Force filtration in
Bowman's capsule causes much of the water and ions and smaller molecules to leave the blood
and enter the proximal convoluted tubule.
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efferent arteriole

arteriole leading out of glomerulus, supplies blood to the peritubular capillary network
peritubular capillary network

capillary bed surrounding tubules and loop of nephron, drains into the renal venule
blood collects nutrients reabsorbed from the filtrate by the nephron

F_rommal convoluted tubule PCT _ _ _

Irst part of nephron after Bowman'’s capsule, reabsorbs nutrients and ions from filtrate,
microvilli increase surface area and mitochondria present to power active transport .
the peritubular capillaries contain blood in a hyperosmotic state, so much of the water
filtrate reenters (reabsorption) the blood by osmosis. Active transport also returns
sodium (chloride following passively), glucose, and amino acids to the blood.

loop of Henle

descending loop of the nephron, actively transports salts out of the filtrate

distal convoluted tubule DCT

last part of the nephron before collecting duct, excretes substances from blood in PCT
Into the filtrate. The active secretion of sodium ions occurs with chloride ions and
water passively following. Potassium ions enter the tubule.

collecting duct CD
collects urine from several nephrons and carries it down into the renal pelvis, reabsorbs

water from urine.
;
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Formation of urine

occurs by a series of three
processes that take place in
successive parts of the nephron

= Filtration
= reabsorption
= Secretion

= Uriniferous tubule is the main

structural and functional unit.
More than a million of these tubules
act together to form the urine

Three main mechanisms:
a.Glomerular filtration ,

b.Tubular reabsorption

c. Tubular secretion
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Filtration
a. Fluid is squeezed out of the glomerular
capillary bed
Resorption

b. Most nutrients, water ad essential ions are
returned to the blood of the peritubular
capillaries

Secretion

c. Moves additional undesirable molecules into
tubule from blood of peritubular capillaries
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capsule
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Key: Urine
a == = Glomerular filtration

® == = Tubular reabsorption

0 ws = Tubular secretion
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Urine formation:

pressure filtration : non-selective, passive transport blood pressure forces water and smaller
solutes out of the glomerulus capillaries , blood cells and proteins remain in blood

filtrate collected by Bowman’s capsule and heads to the PCT.

selective reabsorption:

selective, active transport, PCT reabsorbs substances from the filtrate which are taken up by
blood in the PCT:

most water (~65%)

all nutrients (glucose, amino acids, etc.)

some ions.

reabsorption of water:

water is reabsorbed from the filtrate in the loop of Henle, DCT, and collecting duct

three step process:

Na+ is actively transported out of filtrate into blood, CI- follows due to electrical attraction
blood is now hypertonic to filtrate and water leaves filtrate due to osmosis.

tubular excretion:

selective, active transport, substances are transported from the blood in the PCT into the
filtrate in the DCT:

H+ to control pH

water to control blood volume

Na+ to control blood volume

any excess substances (vitamins, drugs, hormones, etc.)

11
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Kidney control pH blood

kidneys have a slower but more powerful effect on blood pH than blood
buffers and respiration

if blood is acidic, H* is excreted and HCO; is reabsorbed at DCT
if blood is basic, H* excretion and HCO, reabsorption stops

DCT AHCO3- (abaial daysH + i ¢ Lumes aall IS 1)
HCO3-abaial sale) sH + S8 il ¢ Laeli 2l (IS 13

two hormones control water levels:

antidiuretic hormone (ADH) — created by the hypothalamus, released from
posterior pituitary gland

aldosterone — secreted by the adrenal cortex, the outer layer of the adrenal
gland. both hormones are controlled by negative feedback
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ADH and water level
1.hypothalamus secretes ADH, which is stored in the posterior pituitary (PP).

2.hypothalamus detects high blood solutes and triggers the release of ADH
from PP

3.ADH increases the permeability of the collecting duct to water, causing
more water to leave the urine

4.blood volume increases and less ADH is released
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Aldosteron and water level
1. kidneys detect high blood solutes
2. kidneys release hormone which causes adrenal cortex to release aldosterone

3. aldosterone causes the DCT to reabsorb more Na* from the filtrate, and
water follows by osmosis

4. blood volume increases and kidneys release less hormone
¢«L¢M ng:\m‘guj‘)..}h_gﬂj‘\)“
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caffeine is a diuretic: it increases the amount of water in urine by inhibiting the
reabsorption of Na* by the distal convoluted tubule

alcohol interferes with the secretion of ADH and so also promotes water loss,
creating dehydration (which we call a hangover)
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Ur'inCdYSiS physical, chemical, microscopic

examination of urine

color
‘pale yellow (straw)
‘light yellow
‘yellow
-green-yellow (olive)
-red-yellow
‘red
‘red-brown
-brown-black == "~ f £
*black = . ==

‘milky

turbidity
(cloudiness)

Normally, freshly voided
urine is clear and
transparent. It may be cloudy
due to crystals and cells will
centrifuge out; bacteria will

hot. .
ey

L
PO
5
st

€ -

e 5
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Some disorders of the excretory system
Obstructive disorders : kidney stones , kidney cancer.
Renal failure - (kidney failure)

UTIs - urinary tract infections, often caused by gram-negative bacteria cystitis-
bladder infections urethritis-inflammation of the urethra pyelonephritis-
Inflammation of the kidneys.

1-Kidney stone:

Cause - metabolic disorder involving calcium, proteins and uric acid the build up
of these substances into a large deposit (stone)

Symptoms - irritation of the urinary tract, bleeding in the urinary tract, in cases
with large stones there can be extreme pain as the stone(s) try to pass through
the tract . The most common crystals are from calcium oxalate, while others could
be from uric acid and cystine. Factors such as recurrent urinary bladder infections,
Insufficient water intake and consumption, low levels of physical activity, and too
much Vitamin C and D intake can lead to kidney stones. One of the best ways to
decrease the occurrence of stones is to drink lots of water and to change your
dietary habits. Treatments - removal by surgical means, breakdown of stones by
either physical (ultrasound) or chemical means, dietary changes to reduce chances
of stones.
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2-renal (kidney) failure:

Causes - infections, trauma, diabetes, tumors

Symptoms - build up of toxins in the blood stream (urea), jaundice, fatigue
Treatments - dialysis, drug therapy, transplants.

3-bladder infections :

Causes - infection of the urinary tract

Symptoms - burning sensation in the flanks that can move down from the middle
of the back towards the front of the groin, burning sensation while urinating

treatments - antibiotics .
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Figure 33.11 An artificial kidney machine

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Property Bacteria Rickettsiae | Chlamydiae

diameter(nm) 1000 500 ‘ 300
DNAand | DNAand @ DNA and

Type of nucleic acid RNA ‘ RNA

Binary fission

Synthesis of proteins
Machinery of energy
production

Growth out of cellular
hosts

Viral size Range < sl aaa Jaza 3.1
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Human DNA viruses Human RNA viruses
Parvovirus = = = Picornavirus
Bacteriophage MS2 Z
Papovavirus == & = RS
Bacteriophage M13 ) Teor =i
A oot B = =
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Chl a : as above :

Chl b :11-3=CHO . Pt

Chld:l -2=CHO '

Chl ¢:IV- 7=CH=CHCOOH; double bond at IV -7,8 . —

Chlc,y:1V- 7=CH=CHCOOH:; double bond at IV - 7, 8;
Il - 4=CH=CH,

Fig. 5.1. Chemical structure of chlorophyll a.
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& 66 Division Chlorophycophyta

i (a) (b) (c) (d)

(g) (h) Fig. 3.2 Flagellar number, insertion and or-
‘ ganization among the algae. Note apical origin
in (b)-(c) and (g); origin at the base of a depres-
sion (d); subapical origin in (2) and (e); median
origin in (f); and lateral insertion in (a) and (h).
(@) Pedinomonas. (b) Chlamydomonas. (¢) Car- =~ —
teria. (d) Pyramimonas. (e) Oedogonium. N

Gymnodinium. (g) Tribonema. (h) Ectocarpus. (i ) =
Chrysochromuliria; note haptonema (see p. 360)

between flagella. (j)-(o) Flagellar organization:

i (i) (W (k) (j) Acronematic flagella: smooth with delicatcs

] v ) tips. (k) Pleuronematic: flagellum with two

; & rows of radiating mastigonemes, flimmer or |
fibrils. (/) Stichonematic flagellum: flagellar |
appendages in a single row. (m) Pantacrone- i
matic; pleuronematic with attenuated, unorna-
mented apices. (1), (0) Chlamydomonas rein-
hardtii Dangeard Flagellar organization. (n)
Transection showing 9 + 2 arrangement of
component fibrils within flagellar sheath. (o) !
Part of pleuronematic flagellum. [() and (o)
After Ringo.]

{m)

i R e
3 bp
thylakoid |

structured|
granule

polyphoshate septum membrane
grangle lipid granule

'S

Fic

4.1, D.iaglranjls 'to s‘_P}ow the arrangement of the thylakoids in A. Blue-green algae
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thylakoid

internal
thylakoid

! -K?arch grain

peripheral
thylakoid

Fig. 4.2. Diagrams of chloroplasts of Rhodophyceae showing the arrangement
A. Type la, lobed chloroplast, peripheral thylakoid absent, thyla-
lope, arrangement of phycobiliprotein granules as
pe 1b discoid chloroplast, peri-

of thylakoids.
.~ koid terminates close to enve

seen from surface view are also shown (bp). B. Ty
pheral thylakoid present (e = envelope; bp = phycobiliprotein granule; ge

genophore).

3—thylakbid
ban:’

many-
thylakoid
band

er

1-thylakoid |
band

Fig. 4.3. Diagram showing 3 possible variations of the arrangement of thylakoids |
in different cells of the Cryptophyceae. Left, ‘typical’ Type Il arrangement, with |
2-thylakoid bands. Top right, a variation from the typical with 3-thylakoid bands. 1
Lower right, single-thylakoid (er = endoplasmic reticulum; nu = nucleus). |
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chloroplast
envelope
3-thylakoid T=
band nuclear ‘
W envelope tubular er ‘
genophore "_f | ._ chloroplast ? nuclear.____]
Ala b er it envelope
AR chloroplast - ;
AL HN envelope 3-many-
Al ritlzosomes 1 I ‘H” thylakoid band
plastoglobuli AALLL central lastoglobuli
W/ lamellae /
7 peripheral genophore
(girdle)
lamellae ‘compound ’
™ genophore envelope
D R.G THOMPSON ' 72
grana
[
_—

showing the triple layered envelope, (

nts. A. Dinoflagellate chloroplast,
ylakoid bands with girdle lamellae, |

Fig. 4.4. Diagram of thylakoid arrangeme
girdle lamellae (Type I1la). B. 3-th

3-thylakoid bands without peripheral or
tubular projections from chloroplast ER as in Xanthophyceae, Chrysophyceae, Phaeophyceac (Type ITIb), are |

shown. Haptophyceae and Eustigmatophyceac are similar except for the lack of girdle Jlamellac. C. Euglenoid ;
chloroplast. Note the compound envelope of three membrane layers, elongated grana of three fused thylakoids.

D. Grana of the Chlorophyceae.
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(m)

Fig. 1.3 Methods of algal reproduction (diagrammatic) (a)-(c) Bipartition or
binary fission. (d), (¢) Zoospore formation. (/) Aplanospore formation. (g), (k)
Autospore formation. (i) Fragmentation or hormogonium formation. (j) Aute-
colony formation. (k) Akinete formation. (/) Isogamy. (m) Anisogamy. (i)
Oogamy 2

I.
G
o
5]
<
e
- N ™
e mm———— -\l |’I
—/’ ,

Heterocyst  \ycilaginous sheath —
B Akinete

(=]

-
L}

P e i i
R \ ) } 1

47 . L ! :
Vd N 1 1
N 1 1

et

! ( R i

Vegetative cell } :
| 1

! :

Akinete ! !
! i

i I -\

1 1)

1

L}
1
I

1

]

1

1

!

Heterocyst

© 3 Some forms of Myxophyceae A-Anabaenopsis, B-Cylindrospermunt, C-Anabaena and

S
o Ta 2T




~
(33 Cp ol Y 5 |

JL’J\JM c.“.‘.fj‘ bgj L,?' .}JM ;‘_ql.ijl ‘_u =l :.:"}‘”. e LeaZ A 20y
LI IR I R - U

dlaldldl S :‘U‘),x_t'j EREN PN O Ll 4 L>

el iy ged dallaadi Doy vl g ans : by e
L3 Leaie i sl pall s o380 . 2 i Sae : )
i i

CECEN . . Vo e o e -
ML; Lbﬁ L&A‘J:J L .)33 “‘\_."5 s ‘J-V..’ ‘j‘.,\.:‘ 2 ‘_\ ¢ Y . : ‘ PR

. ,
LA = b
T - s i
K L TR N L PP BN L DR T
A8 elad aat Wl € o LS oL - ‘ : e
32
O‘J ‘O‘}:‘J\:ﬂ;: (?.3 . 'J Yk _'.:_‘ 4 ._3\” 5 < J' .
c..L:Ll;»d\ ..c‘ ;,.:.::' o o Ly RS o
Omg Ledy 2 0 o0
- ’., 7\. \ N
¥ )

sy yat

o.'l;:sj T NEI TPl I



Clésses:- 1- chlorophyceae 2-charophyceae 3- ulvophyceae 4-

divition: Chlorophyta &l sadll Qllakl) aud

. prasinophyceae

a3 " g3 W ) Zpdall olsall cllads aludl ) Cya adil] 134 sy -1
s A5 Cladophora Jis Aidl o 435 aaal) § s Adad "I
. Chlorella Jis 421AY) 33 99 aall 3 s

.a&b Jdausls Shua adi -
. oSbad) LaSY L 405 A Ag0dl) ol gall -3
LSRN laad) il e s ) B3l A Ssldud) -4

. (120-30-4-2) W22 s acronematic &5 (- Jl ¥} -5

Occurance

sea-weeds 4 illak 1iid 94105 « dpde sl Gllak gia %90 Aisa
44, Wiy « Siphonocladales Jie 4dumall 45 oy il Glary yiind Eua
5 Auaita gl Ldimal) 5 a (y9<8 B | dpde ol illak Ulotricales
. epilithic Lyl
-1 Ll g i) A
Ll o geall g (e £13S ( Caulerpa & Ulva )y addiuy -1
( Mg - Fe — Ca— Na) 4sitra yualic g clisali g clisi g (e 4y giad

u.m:\él.ab\ﬂ-g(NZ—K.)QAU.SL:J\LMJﬁM%%JmJLAHM-Z
L A guant) ) gl
%@‘&ﬂ‘&&‘fﬁ‘cjﬁuﬂ@mwdm-g

e,
P







,/". L)

( -1 Ay padd) LAY L Aald (s

L Ll o - \\
48 2 o JiSI —:contractile vacuoles dwaliial) il gadll - '\
(b Bl geal) Ll Gulial) 3 Leia E9J s "diey ¢ volvocales
g 3acld

Msjtume‘musutamtﬁm‘;ﬁmﬁsmM
AR e el

llakl) alina (5 gia3 -; eye spote ( stigma ) Akl dady) -2
Lgla Ay ¢ gl Bacld wie a%i 4 dady o A4S jatall o] il
AT 5l 528 1 ¢ Al il ) b Al A g S il
el dagll) o dald) odd solud | gaall
desmidiaceae 4 sana (A igall dasill (e AT £ 6 i oflale
Lacluy il g 5 gual) slaily oudall o & a5 3 o Al daB) ¢y 51)
AR laa B ABES gl (DA (he duadla Bala I gl Lo

Q}\

-:Classification

1-class:- Prasinophyceagmicromonadophyceae)

TXAES] ?u@.“.hh.u :\.EJJ.M 4 a.:.;m‘ cabaY) Gl ) 1 ey
acidic polysaccaride ¢ S8 All scale Ciél all Ll gy

2- class Chlorophyceae

1- order: -Volvocales ; gia Jsii u-u % ) call 13 audy

JILDIAY) o LAY Badia gl AdAd) Bam g Lal Al odgd daglil) Clladall o

L O9S Ql pariial) £ 45 (e ullah.ﬂub ¢ Jal g ddal g3 4S jaia 4y piadl)
g;.Q)a Ldad) olsal) 8 Lg..dm Al giig , OUE aad) clicliaa cra ALY e
tlad gedoipl) o2 Gpais lilile dlia g, L g A1) 8 gally Auial) "l g0

i vivocaceae . 4ldl) 3aua g 1Y) aaiy chlamydomonadaceae

. ( coenobia ) <l jariwall £ g3 (a3 BV auas

- e






S

N a0 A
li}‘: . §rﬁ
_p‘..;'\.:_a QLLJ PN

(s 35 &y -: Chlamydomonadaceae

(&
H- JSy Baiedld) ¢ o gl 4l g 080 5am g 2131 Alilalf o puai

Wl Jlag aaly pyrenoids s e Gl cup- shpe dads shape
Al dalyy ¢ opialiie o gad o 5 Y Chlamydomonas wiak
. &8 gall dpala Basi g

U ?/\{) . G il Sl W), palmelloid stage Jshll ¢ s "Ly Ay
ada 3 ga 318 o 4y 551 g 4 Sy Gl Jo gl 223 3 isogamy
bl ¥} 20 5 Lalad) \gTLleS (8 el paili of | il e scl
daaiall Loy G99 Flad) g alil) ey Ldas fag A 3 4a mal g
Wl N ey a3 850 g 543 prac ¢ af gl =L 08 ¢ zygote

Cuslly A Apadal) Adagal) 9SS0, el gl 3930 hiacs laa Al 58,
zoospore &5V aliy slaall Bk LIl die 5. yeal oty gady Ladl g
LSRR ARPR\] ghﬂ!uﬁuﬂéﬂiﬁdc

-: Volvocaceae

g5 Gage by flat plate datiue el parina Joiy Llal) oda ) 31 o
A uladl Glge QU sl cleLiaa ¢pa LAY 33 ¢ coenobial aaiaall
A A o puiadl 138 8 240080 Baa gl (3 ¢ Volvox wlak $ e gl
Cild ABpal) o Lailall o) 3 Guial) 12 i, | Chlamydomonas sk,
-2000) ! ( 50000-50) 55 288 £ 63} Cacn WLNA s3e, Ldadf slal)

-+ A0 LAY ¢ha 8 sanicnall (4685 ¢ anl g cuan 3 A 4a, (6000

B pantiuall odn (A JCY) g 4y padl) LMAY A5 : Somatic cell -1

abudiy) Ao LGN Ledg ¢ "aae By 29 : Reproductive cell -2
LAY eda U %9 Daughter colony a5 sl Ry
. gonidia

255al) alud) ¢a daalill 3 yaxicaall A 9 : Daughter colony -3
LSS Al ¢ 4 it el

>

i //}

. —






( R e
o Chpall Juad (&) dal) Hll o daslil) LAY «*S : Zygote -4
GSual) 225 lakall 058 &) L, 0ogamy (saull g5l (e sa g
ram laag 4oy 30 blas | dioecius Sl < s monoecius
. Els¥l Lot oS JB il ghay Ay 311 J.A.U ¢ dgmﬁ 9 gl 5

% G v J.Y«N v e\, /\é 2 order :-tetrasporales
T ‘\';/:mjuyﬁjmymm@uﬂ o3 I daylil) llakall oy
B volvocales & (A5, (b callakall (uSage KI5 sl o 4L
Lol ¢ dasledy J‘ ASJAMM Sl dad gy "Lwdal JSH | chlorellales
dudalf slall ‘_,A 3 Jal gyl 4.1.:1.:.13 isogamous Ao gib (el sty
o - Laa g Gilile aual

1- tetrasporaceae : cell with pseudocilia

d&,‘mjtsﬁb}qw‘Lw»awsg@ﬂohausum
A AL ¢« Jolala gl anall ¢ 6<) tetrasporg wiak Lgle
boariuall gali | oMo aual (FidH dlayg ¢ Lolyy aalaa calatal] JSA LAY

_@J‘augwtewta.yﬁ

2- palmellaceae : cell without pseudocilia

palmella sk Jia ¢ daliita & ALl ol partina JSy Culladal) ) 63
Eltel s Jumncd ouaial AU Lol 451050 131 (504 lpusiny i
LAY . 4dgalicia

3-order: chlorellales
wu’MJiadﬂbhﬁyﬁ@ﬂ’hﬂ‘u\g&@j‘a&uﬁ
&L’A\ﬂ ﬁa.ub.i i) sl | dudad sleal) u.ﬂ iS5 coenobium g4

isogamous or L) (g8 edal) Sl Lafe ASLdl ) AS jaall
. anisogamous or oogamous

. chlorella — Scenedesmus—Hydrodictyon / ALY ¢

/",M-N\

>

o0 5!)0'«’\',0

a 1.)*@;-\ AT






,/'” Y‘) /. ’ : | AV

V4 . ,/ QA " . L:) ‘.“3 “\;{‘

/;'/ i —y E;sé Sa gadl pald £ s
, TS T,

4-order: trebouxiales

o4 4l "Lale, (lichen algae group ) lidNL i e La 45,1 oda JSi
-l calladal) Glany ligh gl o3 clak e § peatia ciiaN)
& 0S5 ulvophyceae (o Axli callak g o jiuall ) 43, 3all

il iy Laiys phycobionts ALY 4S5 4 qalalal) G gy ) i)

. ( mycobionts

P18 2 LS ¢ AN (580 B e 3 SSY) (uia¥) 00 Trebiounia
Akl g Sl g AiSLaal 1) Alnad gy IS | "Liagd 5 5 ey (il
) ARLER FLaRY) Ao g puaiad] LSH) L) | 45 SRAPIPIRRS
- -l (e €958 A8 salayg Adial

opP

\‘;u ) AATSO

T

i
Aot

e s A “5eorder: spheropleales

/ a,\ﬁgik,ﬁhh@gcﬂ&ﬂb%iﬂ‘blﬁdl@ué@j‘ohgh’:@
e aha a3 gibl) g8 4gd g spheroplea «lak Jia ds jiia pe

4 A admtia g ¢ Ay jladl il gadl) ajad) oda Juadyg ¢ duia o aja
Bl gl Adau g syl ), e ) il

. 008amous 2l £ 5 (a s¢d oudall S W ¢ fragmentation

48 e i g8y Ah 5 oA ) S 5 (9S8 microspora oaiadl Ll
qllabll cilia (e laadl (e JSA 13 9 H-shaped JSds sad cuay

. sl

6- order: Chaetophorales

Gl prdd) Guliia £ 68 O Ada £ 88 il Lhd qallads 45 1) o i
prostrate gcasiall alail] ¢ ks gl (e (palldi (aialy) heterotrichy

138 ey A8 1) LAY pana Ciiual cuils waldl B4 | errect ;;Smu

O (A, Al Baiudly pa Baalg 3 g8 Ao Jagdl) g gind, b gidl) ? il
1A i gltl) cpa Mo Jant Al Lgdany ¢ S o Abuailall Aginl] olgall clla
. Chaetophora & Draparnaldia ALY ¢, Giglil) N s

oS !v_">‘/‘f

A /
bioTud; ceedor






%/
J
— 7-order: Oedogoniales

&P -\\3:) B:,':E\ it - * 4 e b
< g a2 P D AUl cldally 4,0 oda juats
\\.%‘ uﬁ,ﬁﬂ.-?;///"

EAL 2 gl £ e il aal) JCi g
- el £ 53l G ) il )
RATRTS A OB Ty ¢ lalianall g o ) e bl slgall B an g 3
R / »&..,}&m plea) Baseie 40l Bagudlll g 5153l Sasa g LMAY g
hbumaaﬁmiahubgasjﬁa%ﬂ&gﬁ@ji sda il .5

- ( stephanokonts )

A a3l g Oedogoniaceae hié saal g dlile 4.5, oda e
-1 (WS Gulial
. Oedogonium sh gudald g j8ia ;& dl)
ouialld ¢ bulbous 4adiie Ll Ll 5 ginyg £ it bdl) i
. Bulbochaete ¢
culialld (didiial s&.,mms 4.\53.1: 3 )u.h QJIA#&J "l &)ﬁa.}mﬂ, Vi
. Oedocladium s
S Gally "Bale ¢ LA GuliaN JAS) e Oedogonium (iadl 3y
2\.@3.&9 3.}3 23 hold-fast :\,3.5915 PIEY ‘"*-b-«be‘ bl u.b 3 Ll
. Jolkaia JOd cald g sl
dald 4, i LOA e s Al g zoospore dda) g al - oadadl) ALl
il ¢ Ja g (120) Aol g Gy ¢« apical caps 4l dad o (g gias
Cyial) Glaball ) gkt g aiSlal) Ja gl o
oogonium LAl Jeay By ¢ ol £ gl (ha ()98 1 el LSl
G988 4y S i) o) cllala Lol | gl Ao "alaie Lgda dludi ) Baal g
Elia¥) (4 (40-2) Baal g JS il B b 4] gl LA b5 "Laaa 5]
. g (30) Aa gesall






macrandrous-1 L ¢ Sl bl deyds o iall SISt adiny

L Al B4y o a8 gall 48 b antheridia Elial) cllBdla, 585 4
S Al gl u.ﬁ ducay galf A" Qe 438 sperm gl e g, dalall
"la 4 V) 9 4y SH) Licsal) sliacy Jaay (lalalf bdl) o) o | Lesadst

cpaad) udly Glaidll g (ool & (5 83) Aluaia Jagidl] () 5S5

dwarf male filament <& (¢ S bdl| zi4 48 5 nannandrous— 2
androspore iz £15:¥ s adl jall (s Jag aaa 53 Jald zoospore Cra
LAl) (udi e sl gi Al androsporangia s 8 mi i g

//,e/ )’V\VIVUO”V/ Lg\gujﬂhﬂ‘ulﬁdu.\huaﬂi LgJSﬁ‘.h.\A.“uﬁ M.u:\ﬂ@‘ﬁdahﬂ
Coesper Ledsd o Aoy gl (e il

) Ja o) Azl s "Malade ) EDEY 5kl saaly androspore _shi

“Blay a il androspore Gl « Lo sa¥) gl e jist) 4008 Lo & (a
ol A 38 55 805 s Al B ) gua £19) il 038 g cyst

LA 735 androspore G « Laisa¥) gl i il 38 5 Adle 4oy 2 (b
. g8
-~

/,\M 2 &Y phermone circein iyl Crgadll 4-131&5‘ 4 8 (c

Vs L ) s Laa pa ) Nagd Al Ay o) gl uldady androspore
suffultory 4:iu 443 9 oogonium s ) a¥) iy gl bl
g Gl ) sallly Tag o ¢ (ST e § 5 solud L3 cell
sasluay galy 3 « dwarf male filament e A (g sAl day g3l
Joy A dpall) 4080 ) ghatig | Ailay gall (ha 3 il LailuasSl] af gl
. sperm (2) & Al antheridium (Y (2

S 6 S adiall delud ¢ AEES LM Bala (he LiMliy duday gall Llas

oh gk L Jall DA "Ll pdie & at 4B (e sl dry 3 Gl

.zygote dLuaidl) Lyl ¢ J)Sz;ﬁ Loy 5l) uuads

J






.~"/" v (\_’ ‘
3-class:Ulvophyceae

Al ol cllads Lgudany ) LS Ay g llads LSty il 134 (pulia) pas
haploid .55 e 8Lall 393, sea-weeds JSéidy aull cullakl) (it | ly
' . &diploid

-2 Al Y Y e

1-order: Ultrichales

MA‘JAJ‘A—U‘&OM)—I&A‘D‘JJS‘DJ.\AJ‘@J&MJ@&.\AL&SL}E
@4.4.43] B A 5 guay 4y jlad) Lodalf sluall 2 S, 4 gl alual) sania
oars Al ) 4 a1l Jiall e hold-fast duas Al 4048 dai) g9

8 ¢ ad o I gls £l Abéla N ALY 030 ) e Ulothrix sk ulial

. aplanospore sl zoospore £ 5 ¢ §15:¥ (ys<

2-order:Ulvales

Bafiudly ra Bl 5l Baa g ¢ (il f a.hUU;dAuu\.:MJSU llals
Blall 398 (1585 ¢ U ( sea-lettus ) Fa s A glsil A s ol 4y jlaa
gametophyte Jsh i diplohaploid (isomorphic) g4 u-‘g-ﬂ/ ~
3.9, Zygot( 2N) csSis Wl say ¢ Sl guad) Ayt 4, ) &y <3 grLiial PAS
dLely)) 4-\(,551 1) CusShy AISy 53 sporophyte sk (e il
(_)\_/ _q&MiJghuJigmgﬁ%ﬁ?ﬂ(quY)

3-order:C|adophorales

Badiudly <l ¢ 4y gyl oéMcMﬁu&ad&d\MJiﬁYlw

W ddall aLiA.“ muﬁ\-g-uﬁ/uuuu 4.3\9“.\.“ aleall DJMMthJ‘M&u
plthophara & «bia¥l aalg cladophoraceae 4l oda s Jil gl (pa
- 4= 5% diplohaploid g 5 ¢ 8bali 3,53 . cladophora

pithophora sia¥) & LS isomorphic 4litaia Jla) 1aLs - J ¥ &5l
. cladophora s

!(? L ((‘

{ “ﬁ'lmﬂ. ‘:‘"“]“ﬁ;’!w “r.

bl ) *:‘:*'m‘.;;: 1
TS

N, gt
——— e






N,/ ~

sk Ji% 3, spongomorpha b Les heteromorphic -: A g 5t

Qo ¢ sl lab a1 Gl LAY g A g Adiaal) ja bk
NN~ N

(.'/”\’9// &’j\’f/ o s slaldl 5 g8

QST L ala) die g ¢ A gucal) grliia¥) Al o "huda Al) ekl sy

plosad) okl daf o B 655 a5 58 a1y ( 2n ) dau 3l

Skl 19 Chdaal) Gulalal L) 315 e 2" ) 035 ( gl

duany 3) Aasliad) &1 5 Anasd gy "ol Sy o) (2n) 4dal) aag

1) rhd) Jghll ant £ 531 ol sio 5 (Lgl oS5 i (1) 280 aluck

8.3 (]
V 4 / 4-order:-dasycladales

{ .
4 ? S
?,,,L:La;‘gsm‘}.m‘ ML:‘ PARE a.ﬁ

2934 J8y qalladall ¢ 4S5 ¢ 430 gl Ghliall Juadi g Liaal) 4 ay Qllake
(D L) Aol g "laain HIST | (Sl 5aley Blaa g AU, p 4its a8
, duda jiia Ll ) Qe | duald B ga b il

5-order:-caulerpales

UG £ e alld jgaa g oo gata gy (1480 g ¢ Ldmall 4 ay ik

sl pgiedlel) il g 1S Bala 929 ) . a gmadlsl) Gl g1 S Balay halaa g
da gl g ASlial) 8l 3 £ g Al el Uiy ¢ ALYl g asall 98 gl calalal)

Bryopsis & Codium ulak LY ¢ | dllat) L) el jlaly

6-order:-siphonocladales

Gl g ¢ 4y gl Basaie ¢ Al gia¥) ghaliall Juadi g dddimall 4 an Qllah
i) S ¢ siphonoxanthin dima; 458 Lgakbna ¢ JSill g
. Siphonocladus oY) (s ¢ dgiliial) gliy) o) g

e

Py O~
15037

.
“ o S
—



| . [ /:\J .
(A 7 {‘_) o
e
./v‘j."/..\I ) )b\ L )> O
| __./



4-class:-Charophyceae

)
(@/
451 Al allat g padll Qllatal) A s " g "lad g Ciiall 13 Jrdy
Jsal) A gt J-'Si antherldgo‘*-um’ glawd) S5 ua ¢ bryophyta
duad ciad gf 23 l@bjb\guYiMLuJ‘,ddeuagj&dﬁcuﬁﬂiJ
«d zygote Sady i<y | dile ol <lilad) 4 uLUUA.‘Lﬁ dudl) dy 3 RS

uhﬁiuhhllui‘yuaJJu\&Jcpro/yfonemauuwym&&ﬁ
e ol allaks Lo alins

,A.ul.u CJJS.U’M-M-“ olaall diyy ‘_,a e Ciuall 1da & L8 saa g Calladad)

o/ &y umys'u.. Sl e g o5 Ay PP ‘,Lm Lsﬂw- .
m.l.“.{ga\g h‘\gg&uwuhadﬂomﬂauﬁa & sdad LS,

scale ‘-‘“‘Jﬁ-“/u-‘ t_aUJ}: &G UA/UJSA gtka.a/‘\.d/ﬂl/hh.a ‘Lu.s.di

Y

1‘\’ Al
wi:ﬂlﬁm’ 1-order:-zygnematales
Ailatiall g LsaY) Aand 5y cojugationcs Y EH Ga pudad) il
AW u‘ﬂy‘ o) Jals i) sladf ol ¢ A guall 2 jsogamous
G198 B id A0 @J‘W‘W‘uﬁj&tﬁcuﬂaﬂeﬂ\uhﬂﬂ‘uﬁ‘fﬂ
o.u;J &b.a) MJS‘ XY Al haploid &5 (e 8lall 3 g0, Lg..Luldaa
LA ggias Y, holdfasts 1525 p3e aa de il 4 Lk (5 a5 1Y)

Jlaal,, MANAOJLAJ‘Jﬁ‘dJJhLPmJL“ASJA.“AMJM ‘U:ay.u
-l A Claiudll) diady

Spirogyra (s S spirally twisted wiilall ay palf el Jeillg
. Zygnema (& W stellate (el Jil)-)

LS L1 b o siaddl axial plate sl g Adldall Joil) -3
. Mougeotia &

-1 Ay Jilss EDE Al ola s

e —






LI
| 1-zygnemataceae

o o83 JﬁJem‘Mtu@mmu‘mﬂA#ﬁw%uwx
— - s Glaad) b

2-Mesotaeniaceae

P ¢ Lgalodl) s LA Ciliall s 0085 Y g ¢ LAY B g llaal
A laadl b Bl 3 ga

3-Desmidiaceae

Wbt} i semi cell LA dilial) 4ud 0585 ¢ L)) Sasa  Cllakal
48 21 4als b dismid glhaas o, (s slal) Ml 8 sl agag
g5, WA bl o gl gind qusa byl )11 i2as desmos (2

¢ Oy o 513 LS IS g alaily] ABlala b 4, 36 e B g5 0o LNAL
o S8 gl dalg o 8 an il A A chial s A Baal g

S

- Zygnemataceae

A a5l B au sl g allatl B LESN) dad g dlilad) ol [ ENE
JS Ll L) ciluaa g <l pual) o Gl Gt ¢ Al gy hliall
- Spirogyra & Mougeotia \¢! 4aill (ulia¥) (1 | Guaile ) Cilhs

o ey -z OIS £ gl e pdad) AL Sl
. scalariform conjugation (alad o)l 3811

3 O oy 30 g oil) (i (ha Ua Gl 81 Al o 8Y) 13 Juany
448Y) slaily papilae Gledts ¢y siall (ubaidd] pa s gl sial L)
Aaadla 3 e S8 cilaglal) 0 683 81 G ¢ il ] (ha (5 AYH
S QoS el O (A clandal) Jabateas o il gl Fall Uaidd) yeks
8 Jaha 4 gy Eliadly il 4y S zLaa) Jaai ad Crag Ol By
ia jlans hlad A ¢ Luadal) ) ¢ 4859 Jiliall Tkl o Yl

44 o% Zygnema Jia pabia¥) pary of LS., cilids EME o (0 6a
sl g gAY LAY olasly s 4 i) g 4y Sl z Ly Jua)






. SSpirogyra ¢ AN O s Al cnsig 3 el B LRl g ol Yl
Jo¥! u-°‘ = ZliaY) 48 aai LA éﬁyd‘ uﬁ Zygnema
. isogamy A& & anisogamy

. lateral conjugation (sladl o 38y1-2

Ot OB Gl i€ 3 ¢ sl gl Tkl LA L oY) 13n sy
sl 4 o) 13 e (gl 130 4513 Skl o glavall As gl J5al) LS
Ay slall A8 ot 3) UDIAY ¢y 21N ol paadl ol i | (ySanall
i) lower cell Aliudl L030) Jiad Laly (¢ SH) adiall upper cell
18 (o (glhay L Aol s o Gag ¢ (g USH gadiall Jinal) 5 gy

. chain conjugation ¢I_EY ¢ g il

-z daly) ]

Aladl) o 1o Baal g 8163 o)) g ¢ Ay gl b AL R dag sl 3 6 audid
MY A N Jats Lain ¢« haploid aaadl calatal) ) skl g

@ e

LAl

- :Desmidiaceae & Mesotaeniaceae

o e Cnfililal) (il Lgud CALAT 3N cliual) (lany dllin

plaill ki sDesmidiaceae Alils A sinus ida padl ga9-1
| AfiLgia LA caladl oludl P YIEN] ‘uﬁg s isthmus

Ny S H/:! . ‘.‘5‘9.‘5.“ Jl-\,a.ﬂuépore 252 9-2

p2e Laly <Desmidiaceae (& <l (3-2) (e g sladl Jlaal) o683
@ma b oadill 3529 ase g o gla) Jlaad) L igBill agag
.. 8 3aal g A8k (e (g 1) jlaadl ¢ oS5 g« Mesotaeniaceae

Desmidiaceae 4lle (& cigaal) JaU ¢ 381 £ o (e ouudad] JilSHI -4
.. Mesotaeniaceae 4lils A3 i< Juany (s b

e






Jas ¢l s Desmidiaceae u.LLc b Gigaadl b i) ity o
LAY G OB el (19 Cun fsogamous iy o s
% -t S Lleal) a3, isthmus alaily) dilaia 8 4y gf sid)

RENRTY iy Tadial) 2 AN @ Sy Tdiad) Jidi Lapaal Gt o e
uMmJumuﬁquumem@mu@mmJ
Mh.uuﬁcb.u‘ﬂ Alad) aly g diadla Bala B yaiiig gAY slaily 43
M,Jamc,iiﬁl‘alu.ﬂ.dd.«am N).“ul.ul-h&g @j’wﬁgewi
&ywo.\;ba‘yLg\gmuq.mdSuMuJi‘aJ)a\guMi‘aMl‘bh
lab ) cudlygig s Js 2ol AN SRl Ja of haploid

REREN

.,-»———’T’:"”M@ _
agall a2 ¥ $\8 i %—order:-CharaIes
L&\Ls Q m,,,m
qulakl) 3o Lud rhizoid U siadl IV T I PR Y 2 llakal) alea ] jaall
&4 Juf ¢ internode <badlug node Sis g3 aild £ ja g ¢ il e
cile i (e ol g3 Baial]
@iwoﬁﬁc@\gjsxxmﬁ&bﬂuh\g: Sadll B gaas cile &5
4% branchlete wle il oda Ci iy £1 6] aua JiS) gl Saaly
. Nitella sk 85 jis g Chara lak 8 lusd Lase

¢ laball il ) saally dguadi A g7 salll Bagaaa L, il i

. axillary branch 4 saall cle &ty G g
(o WA U, saall Aa8 b & 5 € dudd 404 Ancal gu gl draay
i, dua il Clafudlal) Badnta g ¢ 3 gill B g Leails 43 4 o8 llals
¢« a 30 (ol Chara cdak sk Juay 88 macroscopically «lak
C GA (58 8y sial Nitella sk Jgh uJS-uA o

u\Mig‘dﬂ‘\giM\‘héﬂ‘bMié@j\o.iAullahublu.u.m
(Gas UAJ celidd) Juad u.ﬁ JAKT 1A Ba L) sleal Nitella clak Ju&ad; «
o e G SiS|






/c&/
(

S poseniiall o) p ganallSl liga IS G i lo 4L L &1 alies
stone warts LA an) Lgile calhay 13 marl <z B laall
o«Liadl oda gl iy €5 (90) 4 4e j e Lulial (6) 4l ada Jadis
Ay dpdd 4y g8 ya i Aail 3 sl J#k Chara &Nitella : »
ey ) S G Juad

- J’.@l&ﬂl

¢ z00spore CisSi Y Al odn B Glladall o) 5 eadadl) i) -
s 4 il pliae (585 oSl
L 52> \7&0
Nad) ca L JOAY diand WAL (ha 4o gana ?3 : amylum star -
Ly 45 (ygsag ¢ 4kt o) i)

3. (f‘

(5 3o gall anaka £135 il . rhizoids il obudil (e Laki LIS a5 1 Bulbilsf-c

. a - £ e - o - .
SN \\5,\8\)\ I o el alddy (S galll 0o 3 ke A4 1 Protonema -&

llakatf P&A u& ol (330 pdal) JAS) e A g - dadl il
)9 nucules i 4, g & il plias labl) Jaay 3 4 lgl)
/ Jeati émﬁ‘uﬂhwyﬂin\gmmwiaﬁwaﬁw
M’MM@Jc@j’uﬁg&JMﬂima\}*‘ﬂgﬂ’uﬂ
UA(:C-“-'J SN guaall UJD"L:.UJSAMW LA ddalaa g
Chara ¢+ (5) gl WY& 2 (4% corona Ul Gy Lay eyl
. Nitella & (10) Leiy

laas Jeill 439 8 A 5 globule wi s 4 83| 4y fledl) sliasy) L)
B3l oty (55 aa¥) L S cusly gl "L Aagis LA,

(i, OSenal) L Loy g (Saal) Bua g Chara uia o E1 s aling

& () (o Jand A N1 2 ) oY) 8 (Snal) B sl 1
. Nitella wlah 8 maua (usall g (g S8 (g ST guanl

ot Caddl

3

> Blgeld) (e @ ) Al gy e L el IR sperms ad
Jardy il LA Juadli o) Juansd 4 ¢y 4y 53l slaeY) Ll slocall







( @ﬁé&gc&&!*&g%ﬁﬁ)&@ﬁidﬁqwm
EU & ity a¥1 calalal (o Jihosty laus jlany Jlad (2l Ayl
G s 3) € sl 358 Sy protonema stage s I sali
AR ALl ang 3 ¢ pand skl ) o 5l 13 gk ¢ gyl

) - e ssas il sl dia g Gl gl Mally g Aoy 30
. )

¥ T ———
I{L It v

» 1 :
21 b
GRS S padt amailin 2135
. ol "
ez _\ﬁ%%xbm‘ﬂ::}.\i'

——






e e

oo

7

ST

(b)

%

\ \}/
7, N\~

(a) N %

NS N1
i ; S Y C/
1 v ‘\\\‘\/ 7

| N7 vz

| \7 :

SH

%

il

(c) (d)
Fig.3.133 Caulerpa. (a) C. prolifera (Forssk.) Lamour. () C. sertulari

(Gmelin) Howe. (¢) C. racemosa (Forssk.) J. Ag. (d) C. floridana Taylor. (a),
X 0.2; (c) X 0.8; (d) x 0.43.




(9)

| e NG

o : PN
| : Sexual cycle 0 \
S
S L) "
-

- (12) (2)

>

¢ ‘Fig. 3.9 Diagrammatic summary of asexual and se.

{_‘;(

daughter coenobia (as seen under ordinary mi-
croscope).

 Fig.10.26. A coenobium of Volvox bearing three
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Cell wall
. Chloroplast
Rhizoidal cell Nucleus
Pyrenoid
Cytoplasm
Hapteron

t (also see Fig. 12.3A), B—detailed

Fig. 12.1. Ulothrix spp. A-U. zonata-a portion of the filamen
structure of the cell of the same, C-U. aequalis, D-U. tenerrima and E-U. fimbriata (various shapes
of chloroplasts).
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Fig. 15.8. Stages in the development of antheridia and liberation of antherozoids in Oedogoniw_n. |
A—developing young antheridia, B to ‘D-different stages in the development of antherozoids in

. antheridia, F,G-liberation of antherozoids and H-a single antherozoid.

(B) Nannandrous forms. |
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Fig. 15.9. Oedogoniu_m. A portion of filament 2 i e s Codoge-

ml;m Ovum containg abundant food mate-
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with3 dwarfmales on the surface of suffultory |
cell. Oogonium is also seen.
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Spirogyra (A),‘B—Aplanospore and C-azygospore and its

Aplanospore B

l Fig. 16.4. Indirect lateral conjugation in
—! germination.
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Fig 16.12. Cosmarium sp. A to D—various stages of sexual reproglﬁclion by conqu'fltﬁon and E to |
H-germation of zygospore. ’
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Fig. 7.9 (a) Synura splendida Korsh. A colony.
(b) Dinobryon sertularia Ehr. A colony of
monads and one cyst. (a) X 425; (b) % 462.
[(a) after Kristiansen; permission of Botanisk
Tidsskrift; (b) after H. Skuja in Nova Acta
Regiae Soc. Sci. Upsal., Ser. IV, Vol. 18, No. 3,
Uppsala, 1964; published by the Royal Society
of Sciences of Uppsala. Distributed by Alm-
gvist and Wiksell International, Stockholm,
Sweden.] -
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Fig. 18 Bacillariophyceae

A, B, C, Pinnularia viridis: A, transverse section; B, valve-view;
C, girdle-view. D, E, Cyclotella comta: D, girdle view; E, valve
view. F, laminar wall, G, locular wall, H, Melosira nummuloides.
I, Chaetoceros eonstrictum. J, Asterionella gracillina. c.n, central
nodule; e, epitheca; g, girdle; h, hypotheca; p.a, pervalvar axis;
p.n, polar nodule; r, raphe; v, valve; v.p, valvar plane. (A-E,J
after Fritsch®; F, G after Hendey!4; H, I after Hendey1%)
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Fig. 742 (a) Areolae of Stictodiscus j
Sonianus. (b) Costae of Diatoma vulgare
X 427; (b) x 1080. [(a) after Bold, Morphc
of Plants, 3rd ed., Harper & Row, Publ.
courtesy of Dr. Kent McDonald.]
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Asexual reproduction ) Figuve 5.6 Theusual

method of reproduction in
___diatoms is by cell division.
Most, but not all, frustules get
smaller after each successive
division. Resistant cells called
> Smaller auxospores are produced two

e \S—)
6 _ _y frustules \ ways: directly from the
. N _r—,___—-i_ el expansion of a smaller frustule
™. or by sexual reproduction

— when an egg is fertilized by a
'n' d sperm cell, both of which are
==————— Y, - liberated from separate
frustules.
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 DINOPHYCEAE
This class is much larger than the Desmophyceae and the motile
unicellular forms (the dinoflagellates) are important Fons ituents
of most phytoplankton populations. Although matile $hicells

Fig. 19 Pyrrophyta

A, B, Exuviella marina: A, side views howing suture dividing cell
into 2 valves; B, valve view. C, Gymnodinium palystre. D, Petidinium
bipes. E, Ceratium cornutum. ¥, G, Dinophysis acuta: F, side
view showing division into 2 valves; G, vilve view. c, chlo oplast;
1, longitudinal flagellum; n, nucleus; s, suture; t.f, transyerse
flagellum; v, vacuole; w, wing. (A, B, F, G after Fritsch®; C, D, E
after Fott8¢) |
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Fig. 20 Pyrrophyta and Cryptophyta

A, Dinothrix paradoxa. B, Polykrikos kofoidi, C, Nematodinum
armatum. D, Hemiselmis rufescens. E, Chilomonas paramaecium,
diagram of electron micrograph. a, amphosome; b.g, basal
granule; c, chloroplast; c.v, contractile vacuole; e, epivalve; f, fur-
row; h, hypovalve; |, longitudinal flagellum; le, lens; m, nematocyst
n, nucleus; no, nucleolus; o, ocellus; oil, oil droplets; p, pigmented
body of ocellus; pb, parabasal body; pm, paramylum; py, pyrenoid;
r, rhizoplast; rep, cells .dividing to form Gymmnodinium-like
swarmers; st, stigma; t, trichocyst; t.f, transverse flagellum;
v, vacuole. (A, C after Fott®; B after Fritsch®; D after Parkes?;
E after Anderson®)
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Order:-Heteronematales
Family:-Heteronemataceae

Genus:-Peranama
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Fig. 21 Euglenophyta

A, Euglena viridis. B, E. acus. C, Peranema trichophorum. b.g,
basal granules; c, chloroplast; f.s, flagellar swelling; n, nucleus;
pm, paramylum-grains; p.r, pharyngeal rods; s, stigma; v, vacuole.
(A, B after Fritsch®; C after Jahn2?)
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Fig- 16-4. The life cycle of El‘li)l.‘ﬂfpll.f siliculosus.
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Fig. 6.76 Conceptacles of Fucus vesiculosus
Linn. (a) Antheridial conceptacle in sectional __
view. (b) Oogonial conceptacle in sectional
view. () X 33; (b) x 20. (After Bold, Mor- —
rhology of Plants, 3rd ed., 1972, Harper &
Row, Fabl.) :
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Fig. 6.10 Giffordia. (a) Vegetative cell with ruany chioroplasts. () Base of axis
with rhizoidal investment. (¢) Sessile attachment of the piurilocular organs. (d)
Plurilocular organ. (e) Zoospores. (a) X 264; (6) x 33: (¢) x 66; (d) x 264;

(e) x 1056. [(a), (b), (c), and (d) after Kuckuck-Kornmann; (e) after Clayton.]
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Fig. 6.56 (a) Laminaria saccharina  (L.)
Lamour. (b) Laminaria sinclairii (Harv.: ex
Hook. et Harv.) Farl., Anders., et Eaton.
(a) X,0.16; (b) x 0.2.
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Hold fast

Fig. 27.1. F ucus vesiculosus. A-habit of the plant, B-apical portion showing receptacle, c-C.S.of
frond (diag.) and D-an enlarged portion of C.S. of frond.

oM eristoderm. Covered by mucilage, {he meristoderm 1S the outermost layer pos-
sessing phowsyntheﬁc chromatophores and 1S characterised by the presence of anticlinally
dividing cells throughout the life. e

(i) Cortex. Next to meristoderm isthe several layer thick parenchymatous zonecalled
cortex. Itsouter few layershave chromatophores while the inner ones are much elongated and
mucilaginous. The cortex is mainly for the purpose of food storage.

iy M edulla. Medullais well developed and occupies the central region of the thallus
by means of loosely arranged cells. Some of the cells of medulla appear as anastomosing
network of hyphae. These hyphac may he of twe kinds—the smooth walled primary hyphae
and thickened and mature Seeonany hyphae. This © picn i Reip! ul '
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over upper surface. (@) X 132; () X 660; (¢) X 231.[(a) and (b) after Kuckuck;

(c) after Smith.]







R
R\

O

- Rhodophyta s!eall cllakl) aud

P~ -: Class:-Rhodophyceae

3%,
S0

L G DA dalal) @ jaall
WA e Alda e o) B ddgna b -

:G.ya ) sal) o) gy 3 phycobilin a.:.ua deag-Y

BV R RIPPWAL g e sl dauall o Ol phycoerythrin

¢ AJM‘}” 13 C;'.‘:"“ ¢ gd)ﬂi ¢ ga.«.d.gﬂ) d:u LgJii U‘J"L' f-b.ea.“ ‘.ﬁ‘.&hﬂ

¢ 9\9‘«'431:\,39\93\9}&:\.45%05‘91\}'1ET\EWQ,\MQHAJ(J\'A&Y‘J‘ ¢ Yl
.. chromatic adaptation (sl iSilly (i oy Lo 124 g

. floridean starch 4igjaall 4u)iadl alal) ¥

LA g 4 S ¢ LALY) Ui « oogamous E5 (e eudad) flsil) ¢
sl peall Qlladall St LS, M gill Lo spermatia & carpogonim
maddl) 2y &ua (sporophyte & gametophyte) Juay) bl
(Jikia ) sgh (daat g laladi¥) ¢ 228 et Loy 3 ¢ oS fertilization
¢ Ay pall) 150U Jala s g (sporophyte) carposporophyte <i s

.. gl Jala gametophyte sk B £l e ada iyl aie

_&Qﬂigmﬂulmdyﬁbs.u\ggﬁ-o
u.”(Parphyrldlum)‘LdAﬂ dua g dbbuueudld&aagm -
udlﬁwﬁayl&w\g&uambﬂ) JAIX gl 48,4l f Ll iy
QoS Ll (Allg ¢ gdall olud) Ao gy Juaiig | pseudoparenchymatous
. Sadatia o) ALtAl) ddua g
:wﬁ&oﬁjcmuﬁihiﬁﬂi-v
_&\J&ﬁjlu.d;hiiﬂhgé;JM\Ag‘g-i
@%ﬁegﬁdsg@glicgjﬂl JM-?.A.}H’&JL&@A::JNSM‘JMA-Q
\ P -

/ ' Ll alilal)

e P - pl) Sl 4,




i




(™

LIAL i et Al LM 0251 1 secretary cell ( or) vesicular cell -A
438 0 B S B gady Jaai ¢ alll ie ¢ gll) Aagse P dxile sl gl 450 8y
Al gal) 3184 o685 3 ¢ Al 3 gall e Aillall ) i) aa ST MBals

. mucilage layer 4!
A\

Jeaii "p g Ay ) JE o) G oSy ¢ Jadl JS4S 1 sea-weeds -4
L gl b Loimal) o Ly e LaS | 2l g5yl 5 s ghalial
b busal) Cilauall selds 1) 3 g2y raeadl g (3 Yo v) oladl o) cllaaall e

1 Bl 3 4 la) Apdal) slaall & aa g3 88| guall o) dles o
. epiphytic <Ll ) epipelic ¢kl Je gl epilithic _siall

.
oy

e i
<La) i

W

B

Bivie: saw wal 1 5
L’I'U’LSQ'QM [ Bawl elad ATAY
S .

T -1 AY) Qllabl) a ¢ peal) llakl) 4N

skl g Cisiaal) ¢ dbial) 4y 8 &Dle Ay - adeiphoparasites -|
L) ¢ gty Glail) Aga a5 (4e ganall Guli (o (o) ) (uailal)
 imdaal) pa 4y il

G ABe ld S Y Al asalanal) AN 2 g - alloparasites -«
(o . iudaal) ae Ay gl cildals ) oS dS ureal ()9 ¢ Ciuaall
) @ladll aa Polysiphonia sa¥) qlahl 48Me g de 4ty

Lo Oy Al Qlabal) o jeal) Glabll gal éua | Ascophyllum
B A oaslad ey 31 e 3 ) clalal) Aaad) Jala Al osdal sludl
I3 e e jaa¥) qilaal) o) "Lde | Cisdaall ) 4l h

-1 dalai®y) g i) daay)
- Ol e fde Y

A gally A 0985 N guanl) ) da (Ceall) Ggnddl JB e Craddiin
Yl qlakal) Jia ¢l Sl g dagal) Galaall g cilivalidl) g 4uis g )
.. Porphyra




q Q/C’\

Division Hhodophycophyta

(a)

Fig. 9.26 Batrachospermum. (a) Habit of vegetative thallus. (b) COE:;&K :
posporophytes borne among the nodal tufts. (@) X 5.6; (b) X 104.

(a)

(b) (c)

Fig. 9.60 Gigartina. (a) G. volans (C. A ii
. A 1 . Ag.) J. Ag. (b) G. agardhii S.
corymbifera (Kuetz.) J. Ag. (a) x 6.3; (b) x 0.6; (c)) X O.f;.r S ecec

N
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Fig. 9.76 . Antithamnion. (@)—(c) A. kylinii Gardn. (a) Female plant wif i
(@ pogonial branches borne on swollen, basal cell of branchlet. (b) Male pla=s i

spermatangia. (c) Carposporophyte. (d) A. defectum Kyl. Tetrasporangia 5%

duction. (a), (6) % 330; (¢) X 250; (d) X 75. (After *~’ollaston.)
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	محاضرة فطريات نظري بي دي اف م2
	محاضرة5 الفطريات الكيسية
	وهي من المجاميع المهمة التي تظهر الصفات الرئيسة للحبليات اذ يمتد الحبل الظهري على طول جسم الحيوان لذلك سميت رأسيه الحبل الظهري ويظهر من الحبل الظهري بروز في منطقه الخطم، كما انها تمتلك قناة عصبيه انبوبيه ظهريه الموقع مع غياب الدماغ المتطور. تتمثل...
	والردهة هو عباره عن فضاء داخلي يحيط بالبلعوم ويُفتح الى الخارج بفتحة الردهة الغلصمية (Atriopore ) التي تقع امام فتحه المخرج .  تحيط الردهة بالقناة الهضمية والبلعوم كما أنها تكون بتماس مع المناسل  gonads , التي تتواجد في الجوف ب 20 زوج على جانبي ا...
	وظيفه Atrium  هي عباره عن ردهه تتصل بالفم وبذلك فأنها تستقبل الماء المحمل بأوكسجين لأغراض التنفس. كما يدخل مع الماء المغذيات  كالهائمات والفتات العضوي التي تستخدم  كغذاء للحيوان. كما يلعب الماء الداخل للردهة دوراً في طرح الحيامن والبيوض الناضجة خا...
	يعرف الحيوان بالرميح ( مُصغر الرمح (lancet   وهذا الاسم مشتق من المظهر الخارجي للحيوان اذ يكون مدبب النهايتين وشبيه بالرمح. اكتشف عام1778 من قبل الباحث Pallass   الذي اعطاه الاسم Limax lanceolatus  , ظناً منه أن هذا الحيوان يمثل الطور اليرقي للقوقع ...
	 الجزء الامامي هي عباره عن مريء مهدب ضيق.
	 الجزء الثاني يعرف بالمعي الأوسط mid  gut
	 والجزء الثالث يعرف بالمعي المتأخرHind gut وهو ضيق  ينتهي بفتحة المخرج . ينشأ من الناحية البطنية بين التقاء المريء بالمعي المتوسط, تركيب انبوبي مغلق يمتد اماماً في الجهة اليمنى للبلعوم يعرف بالأعور الكبدي. سمي بالأعور الكبدي لأنه لا يشبه الكبد في تركيبه ا�
	إن الأعور الكبدي عباره عن غدة  هضمية  مشابهة الى بنكرياس الفقريات.  وان قناة الهضمية تعلق في جدار الجسم بواسطه ا لمساريق كما انها تبطن   بالخلايا الطلائية التي تُسند بالعضلات الملساء الرقيقة . إن  للقناة الهضمية مساحات عدة مهدبة  في بطانتها. كما ي...

