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13.1 First Line of Defence.
13.2 Segond Line of Defence (non specific defence)
13.3 Third Line of Defence (The specific defence)
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Students Learning Outcomes

On completion of this unit students will be able to:

Describe the structural features of human skin that make it impenetrable barrier against
mvasion by microbes.

Explain how o1l and sweat glands within the epidermis inhibit the growth and also kill
MICToorganisms,

Recognize the role of the acids and enzymes of the digestive tract in killing the bacteria
present in food.

State the role of the ciliated epithelium of nasal cavity and of the mucous of the bronchi and
bronchioles in trapping air borne microorganisms.

Describe the role of macrophages and neutrophils in killing bacteria.

Explain how natural killer cells kill the cells that are infected by microbes and also kill
cancer cells.

Sla!ghow the proteins of the compliment system kill bacteria and how the interferons
inhibit the ability of viruses to infect cells.

State the events of the inflammatory response as one of the most generalized nonspecific
defenses.

Outline the release of pyrogens by microbes and their effect on hypothalamus to boost the
body's temperature.

List the ways the feverkills microbes.

Categorize the immune system that provides specific defense and act as the most powerful
means of resisting infection. ’ :
Identify monocytes, T-cells and B-cells as the components of the immune system.

State the inborn and acquired immunity as the two basic types of immunity,

Differentiate the two types of acquired immunity

(active and passive immunity).

Identify the process of vaceination as a means to develop active acquired immunity,
Describe the roles of T-cells in cell-mediated immunity.

Describe the role of B-cells in antibody-mediated immunity.

Draw the structural model of an antibody molecule:

Explain the role of memory cells in long-term immunity.

Define allergies and correlate the symptoms ofallergies with the release of histamines.
Describe the autoimmune disease.

Describe the role of T-cells and B-cells in transplant rejection.

Introduction

We are living in the sea of micro-organisms. Most of these organisms are our
friends. However, some of them are our enemies. These enemies invade our body
continuously. To counter attack these invaders, our body has developed a system called
immune system. The immune system consists of many biolqgical structures and
processes within an organism that protects against diseases. This ability of an organism to
combat diseases and pathogen is called immunity. The study of immunity is called

immunology. In this chapter we will discuss three lines of defence of immune system.
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7 Table 13.1  Lines of defence of nmune system
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of many micro-organisms.
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lysozymes, which digest
bacterial cell wall. These also
contain natural antibiotic
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(such as lactic acid). Fig. 13.2 Respiratory Epithelium of Trachea

13.1.2 Digestive and Respiratory tract

St : > ide and their inner surfage:
Both the digestive and respiratory tract open to the out side an Aces
must also be protected by foreign invaders. Microbes are present in food but many are

killed by saliva which also contains lysozyme and' NaHCO,. The very low pH of
stomach due to HCI, enzymes of stomach and intestine kill most of microbes of qud.
Micro-organisms also present in inhaled air. The cells lining the respiratory tract secrete
layer of sticky mucus that traps most of the micro-organisms before they can reachme
warm moist lungs, which would provide ideal breeding ground for them. Other cells
lining in these passages have cilia that continuously sweep the mucus towards the glottis.
There it can be either swallowed or spit out. ' e

Occasionally an infectious agent, called a pathogen will enter tl}e' dlgegt‘weﬂqg_d_
respiratory system and body will use defence mechanisms such as vomiting, diarrhoea,
coughing and sneezing to expel the pathogens.

13.2 Second Line of Defence: (non specific defence) _}
This line of defence is also a part of innate immune system. Although the surface
defences of the vertebrate body are very effective but occasionally breached allowing
invaders to enter the body. At this point the body uses a host of non-specific cellular and
chemical devices to defend itself. This type of defence is referred as second line of
defence. All these devices have one common property i.e., they respond to any
microbial infection without pausing to determine the invader's identity. The cells and
chemicals of second line of defence, defend the body to attack and kill the invaders. -,

The second line of defence consists of three types of mechanisms i.c., natursl
#3200
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3 |18 inflammatory responses and temperature responses.
lcrct N

{ Killing cells of blood

; perhaps the most important of vertebrate body's non-specific defence are the
A cells called leucocytes. These cells circulate
te blood : . ;

"’" agh the body and att:ack.mvadmg microbes within |

e, There are three basic klpds of these cells and each |How neutrophil is different

L {invading micro-organism differently. from lymphocytes, second

'JMI crophages: line of defence and third line

: The macrophages (Big eaters) are large @l defence.

regularly shaped cells that kill microbes by

Lngesting them through phagocytosis (like

Receptor

)b")- pa— A Antibodsy

| They are found in organs such as lungs, M aog /

jiver, spleen, kidney and lymph nodes rather w |
than remaining in the blood. —Antigen

They leave the bone marrow and travel
‘into the blood as monocytes, where they
develop into macrophages. Once they leave
the blood and settle in the organs, they remove

Bacterium

any foreign matter found there. Fig. 13.3 Macrophage
The macrophages are long-lived cells. . —
They play a crucial role in initiating immune ~ Divided Nucleus % X} e

response. They do not destroy pathogens
completely but cut them up to display antigens
that can be recognized by lymphocytes.
Macrophages secrete some types of proteins
which trigger maturation of monocytes. A
protein interleukin-1 stimulate the
hypothalamus to raise body temperature, and
other protein stimulate the specific response.

Neutrophils:

X The neutrophils are types of white
blood cells that, like macrophages destroy the
pathogens by phagocytosis. In addition
‘neutrophils release lysozyme, chemicals that kill other bacteria in the neighbourhood.
Neutrophils have short life span, after killing and digesting some pathogens they die.
‘Dead neutruphils are collected at the site of infection to form pus. Due to psuedopodial
movement, their body squeeze and can enter all those parts of tissues where other WBC

not enter. These are most abundant types of WBCs in most mammals, about 40 to

Fig. 13.4 Neutrophils
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Natural killer cells:d t

These cells do no : :
microbes directly instead they kill ccllsdof :11:3
body that have been infected. Thc?’ :)in' )
phagocytose microbes but rather by crealing
hole in the plasma membrane © e
Proteins called perforins arc released from ’
membrane of the natural killer cells and inserte
into membrane of target cell which then swell
and bursts,by a protease (enzyme).

The natural killer cells cause very
effective defence against cancer cells usually
before the formation of malignant tumor.

13.2.2 Protective Proteins
(complement system)

The cellular defence of vertebrates are
enhanced by a very effective chemical defence
called the complement system. This system
consists of approximately 20 to 30 different
proteins formed in the liver, thatcirculate frcf:Iy
in the blood plasma. When these protems
encounter bacterial or fungal cells then these
proteins form a membrane attack complex that
inserts itself into the foreign cells (pathogen
cells) plasma membrane forming a pore like
natural killer cells, The water enters the foreign
cell (pathogen cells) through this pore causing,
the cell to swell and burst.

Interferons (IFNs):

These belong to cytokines (Protein in lymph
cells). Interferons is another class of proteins that
plays a key role in the body defence. There are
three major categories of interferons. These are
grouped into two types. Type I, alpha and beta
while type Il is gamma. These cells of the body
synthesize alpha and beta interferons. These

attach invading (a)

[nhibitory receptor

Activation receptor

/

MHC
class |

Activation recepy
li :

}imd

o0 o ”
¥ T
Cytokine Granule relepge
production (Cytotoxicity)

Fig. 13.5 Natural Killer Cell (NK)

Justify why the physicians

rescribe antipyretic: drugs,
!»irhen fever is a non '
defence against microbiall
infection. |

Aspirin reduce the degree
ever because aspirin
impedes the formation
prostagladin from
arachidonic acid. Drugs like
aspirin that reduce fever are
called antipyretic.

How antihistamine therapy is
helpful to the patienls o
[unm'nmcandskbmml@ﬁ;

polypeptides act as messengers, that protect normal cells in the vicinity of infected cell
from becoming infected. Though viruses are still able to penetrate the neighbouring et
The alpha and beta interferons prevent viral replication and protein assembtyiﬂ“
cells. (Thus named interferons means interfere with viral replication inside body cell):
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feron is produced only by particular lymphocytes and natural killer
defend against infection and cancer. These also activate other

phages and natural killer cells.
Invading bacteria an!l

viruses are recognized as
foreign because they contain
molecules, which are
different from any of our own
molecule. These foreign
molecules are known as

> @ @ @ antigens. 4

Interferon Sissal

Fig. 13.6 Interferons rmansduction

- usory Responses:(means seting on ir
*"rhe inflammatory response is a localized, |Histamine secreted from
__ fic against infection. Infected or injured cells [basophils and mast cells

‘ chemical alarm signals, most notably histamine which are a class of WBC,

# andins (Produced from all nucleated cells), |/e5ecells are filled basaphil
chcrﬁlicals promote the dilation of local blood g,‘,’,,”:,’”f"""d in mumber of

eeols. which

ter

ain

. mlcrfcmns

! suchas macro
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3 release of chemical
as histamine

ctease the flow of blood at the site of infection or injury
1o tauses the area to become warm, red, swollen and feel |Search net to see the
I They also increase the permeability of capillaries in w between two sub
& producing edema. Phagocytes migrate from the 2/ MONACYIES.




attack bactena, Thcm

i 10 the extra cellular fluid where they S 0 apair process and. oy
m.hmmum . v cells and 1o st nd "
IS 10 remove necrotic celis ‘s.

ing of infection.

13.2.4 Temperature Responses bes release a regulato
Macrophages that encounter invi e brain. Int erlenkin.ry molewl,

called interleukin-1 which is carried by blood 10 (e BFUE 0 e noue 0 o

pyrogens (Greek Pyr=fire) such as bacterial endo : x;boveth Curong i:“‘h
lamus to raise the body temperature several degrees € Norma] y., 'he

Va i
37°C (98.6°F). The clevated temperature thus !—esulls is cqllecilfz\;?::;:gr contrib:::@f
the body's defence by stimulating phagocytosis and ca.us;ng o atioHBitS Spleen g .
iron, reducing blood level of iron which bacteri need in ‘:’"8 e G gl"QW. Hoe,
very high fever is harmful because excessive heat may dena 1cal enzymeg 81:

proteins of body. Therefore, the patient is given antipyretic drugs.
13.3 Third Line of Defence: (The specific defence)

Many of us contract some sort of infection in our child hood, sma

POX fo
At i fore we reach our teens. It isa dic.
example, is an illness that many of us expenence be s a i
of childhood as most of us contract it in childhood stage and never catch it agajp Ones

you have had the disease, you are usually immun¢ (0 it. The specific immune def,
mechanism provides such immunity. _ . .
An antigen is a molecule capable of inducing an immune response in the ko
These are usually foreign bodies but sometimes these are part of host itself in 4
autoimmune disease. |
An antibody is a “Y” shaped protein produced by plasma cells to destroy o
neutralize antigens. These are attached on pathogens anq secreted by B. lymphocyy, H
The third line of defence is specific and most effective consisis of two types.
.  Humoral immunity, mediated by macromolecules found in the extra cellyjy
fluids such as antibodies, complement proteins and certain antimicrobial peptides.
2.  Cell mediated immunity: This type does not involve antibodies; but rathe
involve the activation of phagocytes, antigen specific cytotoxic T- Lymphocytes and \
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release of various cytokines in response to antigens.

13.3.1 Roleof Monocytes in Third Line of Defence

The monocytes are types of leukocytes (white blood cells), they are the largest
type of leukocytes. As part of vertebrate innate immune system (discussed in second line
of defence), monocytes also influence the process of adaptive immunity. There are
least two sub classes of monocytes in human blood.

I)  Dendritic cells:- These are antigen presenting cells, mark out foreign bodiesto
be destroyed by lymphocytes.
ii)  Macrophage:- These are large phagocytic cells,
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ole of T-Cells in Third Line of Defence: (cell mediated immunity)
s or T. Lymphocytes are a type of lymphocytes (a type of WBC) that play a
cell mediated immunity. T-cell can be distinguished from other
@ | o5 suchas B-Cells and natul;.:l killer cells by the presence of a T-Cell receptor
4 cc" <urfiace. They are called T-Cells because they mature in the thymus from
e & . anendocrine glandinchest (some are synthesized in tonsils also).
o of T-Cells: When infection occurs the T-cells
‘,Bnicu[ar antigen of .invading micro-organism by |7he primary response is slow
i The T-Cells display these antigen on their |because at this stage there
gt ith the help of their own protein known as Major [a7€ very few B-cells that
Z omp,ﬁbillty Co.mplex (MHC). In this way, &pecific toantigen,

s hages become annggn presenting cells (APCs). At the same time macrophages
. jnterleukin 1 that stimulates helper T-Cells and attracts them towards displayed
= The helper T-Cells have receptor by which they bind with specific antigen
= on APC. The receptor on surface of T-Cells are called T-cell receptor (TCR). The
_ falso stimulated by interleukin to secrete another protein called interleukin 2 which

H

(olc imn

' 2 l.n:‘lcctcd ntigen-MHC
R ce complex
Helper T cell

Macrophage Helper T
cell

Cytokines .
A
J:
.

Killer T cell

Cefl dend

Infected cell

Fig. 13.8 Cell Mediated Immunc Response
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is not only responsible for division of helper cells but also proliferates certain ‘
T-cells B:d B cells. There are millions of different 1.‘»cc’l ls. as each type Of: T-cellg pru::
to a specific type of antigen. This tYP of immunity 15 called cell médlated iy

Types of T-Cells: The T-lymphocytes are of WO .ty;;ez i, CD8 (clygy
differentiation) as they have surface marker CD8: "“‘; e ]‘;’eysog’“c T-cell l:;
suppressor T-Cells. The other group 18 helper T-(,.cl.ls a 30 %ﬂ : D4 cells e

presence of surface marker CD4.On activation, the T-C.f:llsd 1videan produce4tyh$
cells, these four types of cell play vita in cell mediate immune response. The
types of cells produced by T-cells are as follow: Released ytoions

Cytotoxic T cell

Perforin

Granzymes

Class | MHC

molecule /7~ 5 ™
f» % ]
/ l
\§ |
Target==_ ,! Peptide
cell E— antigen

Fig. 139 T-Cells

a. Cytotoxic T-Cells: These cells produce a

toxin called cytotoxin. This destroy pathogen's

DNA and perforin protein is also produced by

cytotoxic T-cells. The perforin creates hole inithe JLEmeies

plasma membrane of pathogen as a result pathogen |

breaks down into pieces.

b. Helper T-Cells: These cells secrete
kines which stimulate the division of B-Cells

and T-Cells to increase defense against pathogenic

attacks.

c.  Suppressor T-cells: After the successful

cree:l::i“l of mfecumztn :l: 1s,upprwszor T-Cells secrete

n proteins that inhibit further proli i ‘
T-Cells, Thus immune respon:em:lsfeﬁzza:: © Fig. 13.10 Binary Fission
therefore, the cells are called suppressor T-Cells.

d. Memory T-Cells: Thi : . el

initial exposurl;y to a:tlils This type of T-cells remain inactive for many years after the

secondary gen. However they become active v ickly during e
response to antigen and fight against path ery quickiy ©
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Jleof B-C ells in Third Line of Defence “Humoral immunity” o
‘13‘3,3 R ‘Mediated immune response.
”ﬁ Qd?.‘mibt‘dics are small glycoprotein molecules.
| y_‘l‘\.‘mphocylcs secrete antibodies, which destroy bacterial pathogens. B-

ies are SO called because they develop in the bone marrow and first discovered
f ur‘»a of intestines of birds.

e s mentioned earlier in this chapter that antigens are foreign molecules because
e different from any of our own molecules. We have a huge number of B-
M ocytes in Our blood each one of them recognizes and responds to one particular
- The B-lymphocytes respond by producing antibodies.
ﬂﬁivaﬁﬂﬂ of B.Lymphocy.t " .
wost B lymphocytes will spend all their lives without anything happening to them
gall because they never meet their particular antigen. But a B-lymplcyte does encounter

antigen which binds to the receptors on its cell surface e
":ﬁon. After encountering s membran ered

:,pcciﬁc antigen, the B- 1- W;mm
phoeyte is stimulated to macrophage

divide repeatedly by mitosis.

gome of these cells differentiate

mto plasma cells. These cells

have the ability to produce very Qtigcns presented
—-d

2- Activation of B cell and
helper T cell

large number of antibody
molecule in very less time
(2000 antibody molecules pes
second). These antibodies bind
with antigens and destroy them.
Other cells produced as a
result of mitosis do not secrete
antibody, instead they remain as
memory cells. These cells live
for long time and remain
tirculating in the blood, they
ire capable of responding very
Quickly if the same type of

tigen enters the body again.

Secrete antigen for
antibodies future encounters

Fig. 13.11 Antibody mediated response:
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Structure of Antibody: 1d form the group of plasma Proteip,

Antibodies are all globular g
called immunoglobulins. -

The bamgc molecule common 10 all 8“”?-0 ‘:::)‘sc
chains two long (heavy) chains and (WO short (V&' | antigen binding sites which
the chains together. Each molecule has two identica I:,f amino acids in these fcg'm
formed by both heavy and light chains. The ‘S‘;qlt;lif::icscw just one type of antigen. Tl'::::
make the specific three dimensional shape whic t‘szi body molecule produced. T,

: . g sach type © :
iEgbie ccpion A 0 d;::y“t;tllzg :ﬁfibo{il;: molecule 10 bind around the antigep,

hinge region gives the flexibi

]ycoprolcins ar

consisting of four polypepiig.

"NH;

Anngen )
Ant \iriabl Antiged v - Antigen-hinding sites Heavy chyia
Antgen uriable o il ‘
binding g, 2" region L "'"v“.nt' INH,
: N et D ., e .
site 4 . . "]N'——‘
g : X
. " ‘: \
Ligh chain

Constant

region

, cO0 €00
Fig. 13.12 Antibodics

Mode of action of antibody: There are different modes of action of antibodies,

some important modes are given below.
Neutralizing antibody: In this type of mode of action of antibody, an antibody that
defend a cell from an antigen or infection by neutralizing any effect it has biologically. An

example of a neutralizing antibody in diphtheria antitoxin.

Activation Complement:
The complement proteins are group of plasma

protein, which are made by liver. These proteins are
activated by an antigen antibody complex. These proteins
f.lsually cluster together to form a pore or channel that insert
into a microbe plasma membrane to lyse the cell. Some of
.these complement proteins can cause chemotaxis and
inflammation. Due to these activities number of white
blood cells increase at the site of infection.

#3284
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1
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Fig. 13,13 Mode of action of antibody .
Precipitating antigens: When antibodies bind to some free antigen, cause the antigen
{oprecipitate out of solution, thus phagocytic cells can easily ingest them.

Facilitating phagocytosis: When antigen antibody complex is formed it signals the
phagocytic cells to attack. This complex binds o the surface of macrophages, it facilitates

13.3.4 Inborn and Acquired Immunity Do T know what are auto
As discussed in the early part of this chapter that {8V

inborn (innate) immunity is non specific and makes the
first and second line of defence. On the other hand the .
acquired (adﬁptivc.) immunity is highly specific and |Organ transplant is a

- i i anti .H it takes several |medical procedure in which
| ﬁtmmm mon ﬁxl]yoﬁmctlfm-‘?ogne:f - an organ is removed from
Types of acquired or Induced jmmunity: Acquired |donor body and placed in the
immunity may be active or passive and either type may be Zdy of recipient to replace 1
acquired naturally orartificially. damaged or missing organ.

Active immunity: It is a kind of immunity which develops after contracting pathogen
mdcmbodymbodyhasbeen stimulated to make a particular type of antibody and

can nroduce these same ones more quickly in large quantity, if it is exposed to same

The immunity has developed naturally, is called as natural active



. e 1S b 2 -

Another way in which active immumtl,); iCnﬂ:;‘ cd;:ovr‘;rllo(')’f :::ru:esv?v(ﬁ?;ﬁ:: T,
involves injecting the antigen into body. It ';;‘(’){n a bacterium. The body respy nds?b%
made harmless, or as an inactivated toxin hogen, producing memory s w';ﬁt:

S » livi t
same way as it would, if invaded by the living pa‘t they may ever encounter it .
will make the person immune to the disease ‘h.‘:‘-:::allcd artificial active immunjg, "%
ofacquiring active immunity is not natural. So it1 ty.

's immune system takes ¢
Passive immunity: It is observed th?l a young -btfbtzrg,;mnl?omer'z tj:,nod‘ hmcto
develop. In the utéx:us (hc fetgs obtamse;l:‘:l(ll’;i"e;mm mothers milk. Colq "a:nmss ﬂle
placenta. A fter birth, it will continue tomdays afier birth. This is especi ally o h

1 oduced in the first few '
Zﬁ:ulg::n?s'"}hz;e ;‘ccndy made antibodies help the baby to fight ag-':lg:i path(_)gem‘ The
baby has the immunity to same diseases as their mother because i receiveq ready

made antibodies, rather than making them itsclf, this is said to be passive immupjy, asif

0 Ily soitis called natural passive immuqity. T .
= r{i:)t?vr:vgrs;assivc immunity can also be provided by injections. This is not the
natural way of providing immunity so it is called artificial passive imwnn!ty, For
example if a person has cut or wound on its body, he/she needs to protect againg
bacterium that cause tetanus. Tetanus is caused by the infection of bacterium Clo"ﬁdiun,
tetani. 1t is too late for a vaccination, because by the time their immune System

responded, the bacterium would have multiplied and cause fatal lllnm “,,"ed tetany;,
Instead the person will be given an injection of antitoxin. The antitoxin will bind to th
toxin produced by bacteria, rendering it harmless. .

Passive immunity does not last as long as active immunity. No lympbocyml,m
been stimulated to produce clone of themselves, so no memory cells have been formeg.

Flow Chart: 13.2

Induced Tnymunity
= -

Antibodies produced 1
the person’s body

A==
7
A
N gt

The purh 1% introduced
ity the &% 3 vccine.

Pathogeas enter the body
1 & nataral manner:

o il [ S e
Disorders of Inmune System

An autoimmune disorder is a condition arisi
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ity of the immune system to some thing (Alle
. '}huqcs little or no problem in most people. These
Sally ~“ai opic dermatitis, allergic asthma etc. Sympt
ieS.

gehy

food, insect stings, drugs etc.

_als,
Ml U jon increases
. mine production iNCTeases. 4 |
:wmﬂ“"w gt rejections: Transplant rejections occur
ryansP nsplanted tissue is rejected by the recipient's
when lfawslem. which destroy the transplant tissue. This
| when recipients cells may recognize the donor's
b ’f;’o ¢ tissue as being foreign. As a result the recipient
5 e gystem activates against transplant organ and
--deS;“’zs l%,Cells and B-Cells in transplant rejection
Role Rejection is an adaptive immune response via
 ellular immunity mediated by killer T-Cells, It induces

ptosis of T-Cells as well as humoral immunity
odiated by activated B-Cells secreting antibody
m jecules. Although the action is joined with the
i ponents of innate immune response i.e., phagocytosis
and soluble immune proteins. Howeyer different types of
qansplant tissues tend to favor different balances of
rjection mechanisms,

Flow chart 13.3

A

Different types of WBC
EY MPHOCNTES

rgens) in the en
diseases cause

oms
0 eezing, runny nose, shortness of breath or swellin

The cause of allergies are usually genetic and enviro

cually antihistamine is given to allergic patients because in a

vironment that
' hay fever, food
may include red eyes, an
g.

nmental factors like polien,

Hergic conditions

Gl =
Do you know? 58

Stress can affect the way our
immune system works. It can
lead to increased level of
cortisol which can blunt
immune system. While
\positive emotions and a
healthy life stvle may boost
our immunity. Sleep
(deprivation can also impact. )

vour immune system from
functioning properly. Justify
this statement by searching
the information from
different sources, y

|l|_l|l'.! "\' “\
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Defense system that had evolved to protect animals from invading pathogemc
microorganisms and cancer is called as immune system and its study is called as
immunology.

The outermost layer of the vertebrate body, the skin, is the first barrier or first line
of defense to penetration by microbes. Mucous membrane in the respiratory and
digestive tracts is also important barriers that protect the body from invasion.

The skin is the largest organ of the vertebrates and human body, accounting for
15% of an adulthuman's total body weight.

The dermis of skin is 15 to 40 times thicker than the epidermis. It provides the
structural support for the epidermis and the matrix for the many blood vessels,
nerve endings, muscles, and other structures situated within skin.

The body uses a host of nonspecific cellular and chemical devices to defend itself.
We referto this as second line of defense.

The lymphatic system consists of network of lymphatic capillaries, ducts, nodes
and lymphatic organs, and although it has other functions involved with
circulation, italso stores cells and other agents used in the immune response.
Macrophages are large cating cells, irregularly shaped cells that kill microbes by
ingesting them through phagocytosis.

Natural killer cells also known as “NK" do not attack invading microbes directly.
Instead, they kill cells of the body that have been infected with viruses.

The cellular defenses of vertebrates are enhanced by a very effective chemical
defense called the complement system. This system consists of different proteins
that circulate freely in the blood plasma.

The inflammatory response is a localized, nonspecific response to infection.
Interleukin-1 and other pyrogens such as bacterial endotoxins cause neurons in
the hyphothalamus to rise the body's temperature several degrees above the
normal value of 37 degree centigrade (98.6F). The elevated temperature that
resultis called fever.

Antigens are large, complex molecules such as proteins; they are generally
foreign to the body. usually present on the surface of pathogens.

Lymphocytes called B-cells respond to antigens by producing proteins called as
antibodies. |

The immune defense mechanisms of the body involve the actions of white blood
cells, or leukocytes.

The recognition of infectious agents in innate immunity is mediated by germ line-
encoded receptors called pattern recogn ition receptors (PRRs).

Each antibody molecule consists of two identical short polypeptides, called light
chains, and two identical long polypeptides, called heavy chains.

An allergy is an excessive or hypersensitive response of the immune system to
harmless substance in the environment,
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Choose the correct answer.

L.

2

)

9.

10,

Which of the following can not induce immunity?

(a) Bacteria (b) Parasites
(¢) Virus (d) Worms
Skinisa barrier.

(a) Anatomical (b) Phagocytic
(¢) Physical (d) Inflammatory
Which among the following is anti-bacterial?

(a) Interferon (b) hormone
(¢) Amylose (d) Protein
Which of the following is anti-viral?

(a) Lysozyme (b) protein

(¢c) Interferon (d) Hormone

Identify the phagocytic cells from the following combination.

(a) Macrophage and Neutrophil (b) Macrophage and eosinophil
(¢) Lymphocyteandeosinophil (d) Eosinophiland neutrophil
Histamine is secreted by.

(a) Epithelial cell (b) Redbloodcells
(c) Mastcells (d) Whiteblood cells
Humoral immunity consists of: :

(a) Normalcells (b) Cytotoxiccells
(c) Pathological cells (d) Immunoglobulinmolecules
Which of'the following secretes immunoglobulin.

(a) T-lymphocyte (b) Macrophage
(¢) B-lymphocyte {d) Mastcells
Immunoglobulin are chemically.

(a) Glycogens (b) Glycolipids

(¢) Glycoproteins (d) Lipoproteins
Colostrum is especially rich in, :

(a) Antibodies (b) Antigen

(¢) Sucrose (d) Histamine
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B. Fill in the Blanks.
MHC is the abbreviation of

1.
2. The study of immunity is called .
3. Sweat from sweat glands gives the skin surface pH of -
4 Dead neutrophils after collected at the site of infection to
form : .
5. - is thin yellow milk produce in the first few days after child
irth.,

6. All antibodies are made of polypeptide
Cytotoxic T-cells produces a type of toxin known as
8. Tetanus is caused by a bacterium named
9. The actxvc immunity developed naturally is called

~I

r—— .

(e Section I1: Short Qnestlom 3,

k: How do macrophages destroy foreign cells?

2. How does complement system participate in defence against infection?

3. In what two ways do macrophages activate helper T cells? How do helper T cells
stimulate the proliferation of cytotoxic T cells?

4., What are memory cells?

5 Define the terms T-cell, B-cell, antigens, antibodies, microbes, monocytes and
vaccines.

6. Differentiate between antibody and cell mediated immune response.

i Wirite the benefits of fever.

8. What are the major differences between innate and adaptive responses?

9. Write a note allergic diseases.

10. Howand why might transplanl be rejected’7

Explain second line of defence and d:scuss its types.
Write note on complement system.

Describe third line of defence.

What are different types of T-cells? Discuss.
Differentiate between active and passive immunity.
Write in detail diseases of immune system.

What is the role of B-cell in third line of defence?
Describe the structure of antibodies.

Describe protective proteins.

Explain on inflammatory and temperature responses.
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Greek and Latin Roots in Biology

auto = self| e.g. autotroph [ Greek|

bios = life, e.g. biology, biomass | Greek]
bis = twice, e.g. binary fission, bicuspid
valve [Latin]

chloros = (pale) green, e.g. chlorophyll,
[Greek])

chroma = colour, e.g. chromatopsia,
chromosome [Greek |

dia = across, e.g. diaphragm, dialysis
[Greek]

di = twice, e.g. dichromatic, diploid,
dipeptide [Greek]

ektos = outside, e.g. ectoparasite [Greek]

ep1 = upon (above), e.g. epicotyl, epidermis
[Greek]

exX0 = oultside, e.g. excocytosis,
exoskeleton [Greek]

haima = blood, e.g. haemoglobin,
haemophilia [Greek]

heteros = other (different), e.g.
heterozygous [Greek |

homos = same, e.g. homologous,
homozygous [Greek]

hypo = under, e.g. hypocotyl, hypothermia
[Greek]

inter = between, ‘e.g. inter-cellular,

intercosta [ Latin]

intra = within, e.g. intra-cellular, intra-
uterine [ Latin]

kytos = ‘vessel (a cell), e.g. cytoplasm,
erythrocyte, leucocyte [Greek]

lipos = fat, e.g. lipase, lipid [ Greek|

lysis = dissolution, e.g. dialysis, lysozyme

[Greek] |
mesos = middle, e.g. mesenteric,
mesophyll [Greek]

meta = after (change), e.g. metamorphosis

[Greek]

mikros = little, e.g. micropyle, microvilli
|Greek]

morphe form (shape), €.8.
metamorphosis, morphology [Greek]
phagein = to eal, e.g. oesophagus,
phagocyte | Greek]

phyllon = leaf, e.g. chlorophyll, mesophyll
[Greek]

phyton = plant, e.g. phytoplankton,
saprophyte [ Greek]

polys = many, e.g. go_lxp_nﬁ_l&s:.
polysaccharide [Greek]

protos = first formed, e.g. protista,
protoplasm [Greek]

rhiza=rool, e.g. rhizoid, rhizome [Greek]|
semi = half, e.g. semicircular canal,
semilunar valves [Latin]

sub = under, e.g. sub-cutaneous,
subclayian, subsoil [Latin]

sym-, syn = together, e.g. symbiosis,
synapse [ Greek]

tres = three, e.g. triceps brachii, tricuspid
valve, tripeptide [ Greek]

trophe = food, e.g. autotroph, trophic level
[Greek]
unus =
[Latin]
vas = vessel, e.g. vascular bundle, vaso-
dilation, vasodilator [Latin]

zoon = animal, e.g. zoology, zooplankton
[Greek]

one, e.g. unicellular, unisexual



Glossary

A

Abscisic acid: Plant hormone that promotes stomatal closure, bud dormancy, and seed
dormancy.

Abscission: The dropping of leaves, flowers, fruits, or other plant part due to hormonal action.
Absorption: In most animals, movement of nutrients, fluid, and ions across the gut lining and
into the internal environment.

Accessory Pigment: Light-trapping pigment molecule; it contributes to photosynthesis by
extending the range of usable wavelengths beyond those absorbed by the chlorophylls.

Acid: A substance that releases hydrogen ions when dissolved in water.

Acoelomate: of some of the invertebrates, having no fluid-filled cavity between the gut and
body wall.

Activation energy: The minimum amount of collision energy necessary to drive reactant
molecules to an activated state at which a given chemical reaction will proceed spontaneously.
Active site: A cleft in the surface of an enzyme molecule where a specific reaction is catalyzed,
ormade to proceed far faster than it would spontaneously.

Active transport: The solute is transported against its concentration gradient. An energy boost,
as from ATP, activates the protein.
Adenine: A purine; a nitrogen-containing base in certain nucleotides.

Adipose tissue: A type of connective tissue having an abundance of fat-storing  cells.

Aerobic respiration: The main pathway of ATP formation, for which oxygen is the final
acceptor of electrons stripped from glucose or another organic compound.

AIDS: Short for acquired immunodeficiency syndrome.

Alcohol: An organic compound that has one or more hydroxyl groups (-OH) and readily
dissolves in water. Sugars are examples.

Alcoholic fermentation: Anaerobic pathway of ATP formation. Pyruvate from glycolysis is
degraded to acetaldehyde, which accepts electrons from NADH to form ethanol with a net yield
oftwo ATP. NAD+ is regenerated.

Amino acid: A small organic molecule with a hydrogen atom, an amino group, an acid group,
and an R group bonded covalently to a central carbon atom; the subunit of polypeptide chains or
protein.

Amphibians: A type of vertebrate somewhere between fishes and reptiles in body plain and
reproductive mode, example salamanders, frogs and toads.

Anaerobic pathway: Metabolic pathway in which a substance other than oxygen serves as a
final acceptor of electrons that have been stripped from substrates.

Angiosperm: A flowering plant.

Annual: A flowering plant that complete its life cycle in one growing season.

Anther: A pollen-bearing part of a stamen.

Antibiotic: One of many metabolic products of certain microorganisms that can kill their
bacterial competitors for nutrients in soil.

Antibody: One of diverse array of antigen-binding receptors. Only B- WBC makes antibody
molecules and position them their surface or secrete them.
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\ntigen: Amolecular configuration that white blood cells recognize as foreign and that triggers
animmune response. Most antigens are protein at the surface of pathogens or tumor cells.
Aorta: Main artery of systemic circulation; carries oxygenated blood away from the heart to all
body regions expect the lungs. :
Apical dominance: Inhibitory influence of a terminal bud on growth of lateral buds.
Apieal Meristem: A mass of self-perpetuating cells responsible of primary growth at root and
shoottips. :
Apoptosis: Ofmulticelled organisms, a program natural death of cell.
Archachacteria: Akingdom of prokaryotes; methanogens, halophiles, and thermophiles. '
Artery: A large-diameter, rapid-transport blood vessel with a thick, muscular wall, carrying
away from heart,
Asexual Reproduction: Any of number of modes of reproduction by which offspring arise from
asingle parentand inherit the genes of that parent only.
Atmosphere: Avolume of gases, airborne particles. and water vapor that envelops the earth.
Atom: Asmaller particle unique to a given element; it has one or more positively charge protons,
electrons, (except forhydrogen), neutrons.

Atomic number: The number of proton in a nucleus of each atom of an element: the number
differ for each element.

ATP: Adenosine triphosphate. A nucleotide of adenine, ribose. and three phosphate groups that
acts as an energy carrier.

Autoimmune response: Misdirected immune response in which lymphocytes mount and attack
against normal body cells.

Autotroph: Organism that synthesizes its own organic compounds using carbon dioxide (as the
carbon source) and energy from the physical environment (suchas sunlight energy).

Auxin: Aplanthormones that influences, growth such as stem elongation.

B

B- Lymphocyte: (B- cell) The only white blood cell that produces antibodies, then positions
them at the cell surface or secretes them as weapons in immune responses.

Bacterial conjugation: Transfer of plasmid DNA from one bacterial cell to another.
Bacteriophage: Category of viruses that infect bacterial cells.

Basal body: A centriole which after giving rise from microtubules of a flagellum or cilium,
remainattached to its base in the cytoplasm.

Base: Any substance that accepts hydrogen ions when dissolved in water.

Basophil: Fast-acting white blood cells that secretes histamine and any other substances to
maintain an inflammatory response.

Bicnnial: Aflowering plant that lives through two Lrowing seasons.

Bilateral symmetry: Body plan in which the left and right halves of an animal are mirror-
images of each other.

Binary fission: A mode of asexual reproduction; whole body into two parts of the same or

different sizes,

Biogeochemical eycle: The movement of an element from the environment to organisms, then
back to the environment.

.Biolo'gical species concept: A species is one or more population of individuals that are
interbreeding under natural conditions and producing fertile offspring and that are
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reproductively isolated from other such populations, The concept applies only to sexually
reproducing species.

Biomass: Combined weightofall organisms ata given tropic level in an ecosytstem.
Bipedalism: Habitually walking on two feet, as by birds and human.

Bird: The only vertebrate that produces feathers.

Blood: A fluid connective tissue composed of water, solutes, and formed clements (blood cells
and platelet) it carries substances to and from cells and helps to maintain internal enyironment
favorable for cells activities.

Blood pressure: Fluid pressure, generate by heart contractions, that circulates blood.

Bud: An undeveloped shoot of meristematic tissue, primarily, often covered and protected by
scales (modified leaves).

Buffer system: A partnership between a weak acid and base that forms when it dissolves in
water. The two work as a pair to counter slight shifts in pH.

C

C4 pathway: A pathway photosynthesis in which carbon dioxide is fixed twice. in two different
cell types. Carbon dioxide accumulates in the leaf and helps counter photorespiration. The first
compound formed is the 4-carbon oxaloacetate,

CAM Plant: A plant that conserves water by opening stomata only at night, when it fixes carbon
dioxide by way of'a C4 pathway.

Cambium: One of two types of meristems responisible for secondary growth ( increases in stem
and root diameter). Vasscular cambium gives rise to secondary xylem and secondary phloem;
cork cambium gives rise to periderm.

Cancer: A malignant tumor; weakend capacity for adhesion within the parent tissue (leading to
metastasis)cancer is lethal.

Carbohydrate: A molecule that consists of carbon, hydrogen, and oxygen in a 1:2:1 ratio. All
cells use carbohydrates as structural material, energy reservoirs, and transportable forms of
energy.

Carcinogen: A substance oragent, such as ultraviolet radiation; that can trigger cancer.

Cardiac cycle: The sequence of muscle contraction and relaxation for one heartbeat.

Cardiac pacemaker: Sinoatrial (SA) node; the basis of normal rate of heartbeat. The self-
excitatory cardiac muscle cells that spontaneously generate rhythmic waves of excitation over

heart chambers. |
Cardiovascular system: System of blood, one or more hearts, and blood vessels that functions

in rapid transport of substances to and from cells.
Carnivore: An animal that eats other animals; atype of heterotroph.
Carotenoid: A light sensitive, accessory pigment that transfers absorbed energy to chlorophylls.
Different types absorb violet and blue wavelengths and transmit red, orange and yellow.
Carpal: The female reproductive partof a flower; sometimes called a pistil. ,.
Cartilage: A type of connective tissue with solid yet pliable intracellular material that resists
COMPpression.
Casparian strip: A waxy band that is an impermeable barrier between the walls of abutting cells
making up the endodermis inside roots. : :
¢DNA: Any DNA molecule copied from a mature mRNA transeript by way of reverse

transeription.
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Cell: The smallest living unit; an organized unit that can survive and reproduce on its own.
Cell differentintion: Developmental process in which different cell populations activate and
suppress a fraction of their genes in different ways and so become specialized in composition,
structure, and function.
Cell plate: Adisc like structure that forms from remnants of a microtubular spindle when a plant
' cell divides; itdevelops into a cross wall that partitions the cytoplasm.
Cell theory: Atheory inbiology stating.
- |. All organisms are composed of one or more cells,
2. The cellis the smallest unit that retains a capacity for independent life, and
3. Allcells arise from preexisting cells.
Cell wall: A semirigid, permeable structure that helps a cell hold its shape and resist rupturing if
internal fluid pressure rises,
Central vacuole: A fluid-filled organelle in mature, living plant cells that stores amino acids.
sugars, ions and toxic wastes. As it enlarges, it forces increases in cell surface area that improve
nutrient uptake.
Centriole: Acylinderoftriplet microtubules that gives rise to microtubules of cilia and flagella.
Chemical bond: Aunion between the electron structures of two or more atoms or 1ons.
(‘hlurqphyll: A light-sensitive pigment that absorbs violet-to-blue and red wavelengths but that
transmits green.
Chloroplast: An organelle that specializes in photosynthesis in plants and photosynthetic
protists.
Chordata: An animal having a notochord, a dorsal hollow nerve cord, a pharynx, and gill shits in
the pharynx wall for at least part ofthe life cycle. Mostly tail as fourth character.
Chromosome: Of eukaryotes, a DNA molecule with many associated proteins. Of prokaryotes,
a DNA molecule without a comparable profusion of proteins.
Cloaca: Of some vertebrates, the last of a gut that receives feces, urine, and sperm or eggs; of
some invertebrates, an excretory, respiratory, or reproductive duct.
| Coelom: A cavity, lined with peritoneum, between the gut and body wall of most animals.
~ -Cohesion: Capacity to resist rupturing when placed under tension (stretched).
Collenchyma: A simple plant tissue that offers flexible support for primary growth, as in
lengthening stems.
Commensalism: A ecological interaction between species that directly benefits one but does not
affect othermuch, ifatall. : : g
Community: All populations living in the same habitat. Also, a group of organisms with similar
life-styles ina habitat, suchas a community of birds. '
Companion cell: A specialized parenchyma cell that helps load organic compounds into
conducting cells of phloem. |
Complement system: A set of about twenty proteins circulating in inactive form within
- vertebrate blood; different kinds induce lysis of pathogens, promote inflammation, and stimulate
phagocytes to act during both nonspecific defenses and immune responses.
Compound: A substance consisting of two or more elements in unvarying Proportions.
Condensation reaction: Through covalent bonding, two molecules combine to form a larger
molecule, often with the formation of water as aby-product.
Conifer: A pollen and seed-bearing plant of dominant group of gymnosperms; mostly

~
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cvergreen, woody trees and shrubs with needle like or scale-like leaves. Ll
Cotyledon: A seed leaf, which develops as part of the embryo of monos:o.ts" and dicots;
cotyledons provide nourishment for the seeding at the time of germination and initial growth.
Covalentbond: A sharing of one or more electrons between atoms or group of atoms.

Cuticle: A body covering. Of land plants, a transparent cover of waxes and lipid-rich cutin
deposited on the outer surface ofepidermal cell walls.
Cyele AMP:

Anucleotide; its functions in intercellular communications, as when it is a second
mcsscngcr.

Cytochrome: Iron-containing protein molecule; a
used in photosynthesis and aerobjc respiration.

Cvioplasm: All cellular parts, pa
membrane except for the nucle

D

Denaturation: Of any molecule, the loss of three-dir
hydrogen bonds and other weak bonds.

Dermis: The layer of skin underl
tissue.

Diaphragm: Muscular partition between the thoracic
Diffusion: Netmovement of like molecules (or ions)
DNA replications: Of cells. the process by w
distribution to daughter nuclei. Oceurs prior to mito
prokaryotic fusionin bacterial cells.

Double fertilization : Of flowering plants only, the fusion of one sperm nucleus with the egg

nucleus (to produce a zygote), and the fusion of a second sperm nucleus with nuclei of the
endosperm mother cell, which gives rise to a nutritive tissue (endosperm),

E
Emulsification: Of the chyme in the small intestine, a suspension of droplets of fat coated with
bile salts.

Endocrine gland: A ductless gland that secretes hormones, which usually enter interstitial fluid
and then the bloodstream.

Endocytosis: Movement of a substance into acell by a vesicle,

Endosi)erm: Nutritive tissue that surrounds a flowering plant embryo and becomes food for the
young seedling,

Endospore: A resting structure that forms around a copy of the chromosome and part of the
cytoplasm of certain bacteria.

Epiglottis: A flap like structure at the start of the larynx, the position of which directs the
movement of air into the trachea or of food into the esophagus.

Epithelium: An animal tissue of one or more layers of adhering cells that covers the body's
external surfaces and lines its internal cavities and tubes.

Essential amino acid: An amino acid that an organism cannot synthesize for itself and must
obtain from food source.

Enthylene: plant hormone that stimulate fruit ripening and abscission.

Exocrine gland: Secretes product, usually thought ducts or tubes, toa free epithelial surface.
Exocytosis : Transport ofa substance out of a cell by mean of a vesicle.
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component of the electron transport systems

rticles, and semi-fluid substances enclosed within the plasma
us (or nucleoids, in bacterial cells).

nensional shape following disruption of
ying epidermis; consists of primarily of dense connective

and abdominal cavities,

down their concentration gradient.

hich hereditary material is duplicated for
sisand meiosis in eukaryotic cells and during
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K
FAD : Flavin adenine dinucleotide, one of the nucleotide coenzymes that transfers electrons and
unbound protons (H+) from one reaction site to another. At such times it is abbreviated FADH2.

Fin: Of fish generally, an appendage that help propel, stabilize, and guide the body through
walter.

Iossil: Recognizable, physical evidence.

Fossil fuel: Coal, petroleum and natural gas.

G

Gametes: Sexcells, sperms and eggs.

Ganglion: Group of neuron outside CNS.

Gene: unitofinformation about a heritable trait that pass from parent cell to daughtercell.
Genome: Allthe DNAor genes inasingle or haploid set of chromosomes of'a given species.
Lerm cells: Ofanimals, give rise to eggs and sperms.

Gland: Asecretory cell or structure.

Gonads: Sex organs, thatis testes or ovaries.

H

Habitat: The type of place where an organism normally lives.
Hermaphrodite: Anindividual with both male and female gonads.

Hormones: Signaling molecule that stimulates or stop or modified cells having receptors for
them.

1

Infection: Invasionand multiplication ofa pathogen in host cells or tissue.

Integument: Of animals, a protective body cover such as skin, Of seed-bearing plants, one or
more layers around an ovule that form a seed coat.

Invertebrate: Ananimal without backbone.

K

Keratin: Atough, water- insoluble protein made by most epidermal cell which becomes deposit
in outer body coverings (skin).

L

Lair\'n: Animmature developmental stage between the embryo and adult.
Ligament: Aband of connective tissue that bridge a joint.
Lymph: Tissue fluid that has drained into the vessels of the lymph system.

M

Mutagen: Any environmental agent that can alter the molecular structure of DNA.
Mutation: a heritable change in the molecular structure 6f DNA.

N

Necrosis:  Of multicelled organisms, the passive death of many cells that results from severe
tissue damage.

Nerve cord: Of many animals, a cord like communication line of axons of neurons.

Neuron: Anerve cell; the basic unit nervous systems.

Node: Asite where one ormore leaves are attached to a plant stem.

Nucleoid: The region in bacterial cell where chromosome is located (but not bounded by
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membrane)

Nutrition: All of those processes by which food is selectively taken in, digested, absorbed, and
later converted to the body’s own organic compounds.
0 * ng

Obesity: Anexcess of fatin the body.

Ovum: The mature female egg (ovum)

I)

Parasitism: A two species interaction in which one species livesinorona host species and uses
its tissue for nutrients. The parasite benefits; the host damage.

Passive transport: The movement of substances from higher to lower concentration without
energy.

Pathogen: Adisease causing organism.

Perennial: a flowering plantthat lives for more than two growing season.

Phloem: Ofvascular plants, a tissue with living cell that inter connect and form the tubes through
which sugars and other dissolved organic compounds are conducted.

Phycobilin: One of the light sensitive, accessory pigments that transfer encrgy they absorb to
chlorophylls, abundant in red algae and cyanobacteria.

Phytoplankton: A community of floating or weekly swimming phytoautotroph in salt and fresh
water habitat.

Pigment: Alightabsorbing molecule.
Plankton: Any community of floating or weekly swimming organisms, mostly microscopic.
Plasmolysis: an osmotically induced shrinkage of acell's cytoplasm.
Pollen tube: A tube formed after a pollen grain germinates; grows through carpel tissues, and
carries sperm to the ovule.

Pollination: The arrival of pollen grain on the stigma of carpel (in seeded plants)

Predators: Anorganism that feeds onanother organism.

R

Rhizoid: Aroot like absorptive structure of some fungiand in nonvascular plants,
S
Salts: Acompound that releases ions other than H+ and OH+ in solution.

Saprobs: A heterotroph that obtains energy and carbon from non living organic matter so cause

it's decay. E.g., fungi and bacteria. .
Secretion: A product release across the plasma membrane of a cell that may act singly oras a

partof glandular tissue. ) :
Semen: sperms bearing fluid expelled from a penis during male orgasm.

Solute: Any substance dissolved insolution (in water)

Solvent: A fluid, such as water, in which one or more substances is dissolved.

Somatic cell: A body cell thatis nota germ cell (which give rise to egg and sperm).

. Sperm: Atype of mature male gametes. '

Spleen: It is lymphoid organ; also filtering station for blood, a reservoir of red blood cells and
macrophages.

Stamen: A male reproductive structure ina flower. :

Stem cell: A type of cell perpetuating cell that remains unspecialized.




T
Fendon: A strap of dense connective tissue that attaches muscle to bones.
Tracheid: One oftwo types of cells in xylem that conduct water and dissolved minerals.
Transcription: The first stage of protein synthesis; when a RNA strand is assembled from one
two strand of DNA.
[ranspiration: Inthe presence of sun light, evaporation of water from above ground plant parts,
leaves especially.

\

Vascular plants:Aplant with a transport system i.e., xylem and phloem,

Vascular tissue: Xylem and phloem.

Vertebrates: Animal with a backbone.

Vesicle: In cytoplasm of cells, one of variety of small membrane bound sac that function in the
storage, transport and digestion of substances or in some other activity.

Vitamin: Any of more than ten substances that animals require in small amount for metabolism.
W :

Water Potential: The tendency of water molecules to move from one region to another. The
greater the difference in water potentials between two regions, the greater and faster the net
movement of water molecules from a region of higher water potential to a region of lower water
potential.

White blood cell: One type of blood cell. It is colorless and has a nucleus. It helps to keep the
body healthy by fighting germs.

Wilting: A process by which the leaves lose water (as water vapour) faster than the roots absorb
water and mineral salts from the roots to the root hair cells lose water to the very dry soil.

X

Xylem: A tissue that transport water and solutes through the vascular plants.

Y

Yeast: A tiny, oval, unicellular organism which does not contain chlorophyll. It reproduces by
budding and can respire under anaerobic conditions.

Z

Zooplankton: A freshwater or marine community of floating or weakly swimming heterotroph
(animal).

Zygote: The first cell of new individual, formed by the fusion of nuclei of gametes at
fertilization.




