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تقـديـم

الحالى،  الوقت  فى  مصر  بها  تمر  التى  التعليمية  النهضة  من  انطلاقًا 

وبخاصة  مراحله،  بجميع  التعليم  لتطوير  والمخلصة  الجادة  والمحاولة 

وبناتنا،  أبنائنا  كاهل  عن  التخفيف  بهدف  العامة  الثانوية  نظام  تطوير 

بتنمية  والاهتمام  الكم  على  وليس  التعليم  فى  الكيف  على  التركيز  وبهدف 

قدرات الفهم والتحليل والابتكار، بدلاً من الحفظ والاستظهار.

توجيهاته  بإعطاء  والتعليم  التربية  وزير  الدكتور  الأستاذ  تفضل  فقد 

لتطوير كتاب الأحياء ليفى بتحقيق أهداف مادة الأحياء دون تكرار أو تزايد 

فى تفاصيل غير جوهرية.

وقد كلف الأستاذ الدكتور وزير التربية والتعليم بتشكيل فريق عمل من 

أساتذة الجامعات لإنجاز هذه المهمة، وذلك بالتنسيق والتعاون مع موجهى 

وخبراء من الوزارة ومن الميدان، وبمشاركة بعض مؤلفى الكتاب.

يساعد  أن  نتمنى  والذى  المطور،  شكله  فى  الأحياء  كتاب  يظهر  وهكذا 

الطلاب والطالبات على استيعاب محتواه، ويحقق لهم النجاح والتفوق.

ونتمنى أن يحقق الكتاب بصورته الجديدة النجاح لأبنائنا..

والله ولى التوفيق

لجنة التطوير



SOMMAIRE

Contents

Unit One : Structure & Function in Living Organisms .......................... 5

Chapter One : Support and movement in living organisms  ................   5

Chapter Two : Hormonal Co-ordination in living organisms .............. 23

Chapter Three : Reproduction in living organisms ..............................  38

Chapter Four : Immunity in living organisma  ...................................... 82

  

Unit Two : Molecular Biology ...................................................................  111

Chapter One : DNA and genetic information .....................................  111

Chapter Two : Nucleic acids and protein synthesis .......................... 131



9مطابع روز اليو�سف

 
 
 
 
 
 

 
 

At the end of this chapter, the student should be able to :
 Recognize the concept of movment in living organisms.

 Recognize the concept of support in living organisms.

 Explain the reason of twining tendrils around the support.

 Differentiate between pulling movememt by tendrils and 
pulling roots of corms and bulbs.

 Mention the functions of muscular system in man.

 Recognize the structure of muscle.

 Explain the mechanism of movement in man.

 Acquire an experience in:
 a) Drawing the vertebra.
 b) Microscopic examination of cytoplasmic movement in the
         cells of Elodea leaf.
 c) Link between structure and function of both
        skeletal system and muscular system.

Unit One

Structure & Function in Living Organisms

Chapter One

Support and movement
in living organisms
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Support and movement
in living organisms

Support in plants:

The plant possesses different methods and systems for support so as to maintain its 
shape  and for protection. These methods may be physiological concerning the cell as 
a whole, or may be structural, as the deposition of hard substance such as cellulose and 
lignin or the support depends on the position and distribution of these systems.

A) The physiological support

If you soak dried fruit in water you will notice, after a time, that it absorbs water, 
enlarges in size and swells, due to the turgidity of its cells. On the contrary, if you leave 
fresh seeds such as peas or beans, for a time, you will notice that the seeds become 
wrinkled and wilt due to loss of water from their cells.

We can say that the cell becomes turgid, when water passes by osmosis into its 
vacuoles. As a result, the size and pressure of vacuoles increase, affecting the shape of 
the cell wall.

This  phenomenon has been noticed in the turgidity of the guard cells, as well as the 
wilting of leaves and stems of herbaceous plants that face duroght. The wilting plant 
will attain its trugidity by soil irrigation.

B) The structural support

The plant has many other methods for support such as the deposition of substances 
on or in the cell walls. The external plant cells cannot prevent loss of water from the 
inner cells and so the epidermal cell walls become thick and impermeable due to cutin 
being deposited. The plant may be surrounded by an impermeable cork layer containing 
suberin, cellulose or lignin may be deposited on the cell walls or in some of its parts. So 
these cells become stronger, such as:

1. Collenchyma cells.

2. Sclerenchyma cells. (Fibers and Stone cells).

6
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The Skeletal System of Man

The skeleton of man consists of 206 bones each bone has a shape and a size that 
suitable for its function, the skeletal system consists of an axis called the vertebral 
column attached at its upper end with the skull. The vertebral column is also connected 
to the thoracic cage and the fore limbs through the shoulder bones and to the lower limb 
through the pelvis bones. The skeleton can be 
divided into axial and appendicular skeleton.

A) The axial skeleton
The axial skeleton includes the skull and 

the vertebral column, while the appendicular 
skeleton includes pectoral girdle, fore (upper) 
limbs, pelvic girdle and hind (lower) limbs.

1) The vertebral column
It consists of 33 vertebrae in the form of 

7 cervical articulating vertebrae (of moderate 
size), 12 thoracic vertebrae (larger than 
cervical), 5 lumbar vertebrae (the largest 
and present in the abdominal region), 5 
sacral vertebrae (broad, flat and fused) and 4 
coccigeal vertebrae (small and fused) (Fig. 1).

The vertebral column acts as the main 
support of the body, protect the spinal cord and help 
in the movement of the head and the upper body parts.

Each vertebra consists of an anterior thick part 
called the centrum, attached laterally with two 
transverse processes and posteriorly with a bony ring 
(spinal ring) carry a bony process directed downwards 
called neural spine (Fig. 2).

Fig. (1) The Vertebral column

علم الأحياء للثانوية العامة
12

الجهاز الهيكلى فى الإنسان 
يتكون �لهيكل �لعظمى فى �لاإن�سان من 206 عظمة ولكل عظمة �سكل وحجم ينا�سبان �لوظيفة �لتى تقوم 

بها، ويتكون �لهيكل �لعظمى من محور يعرف بالعمود �لفقرى يت�سل طرفه �لعلوى بالجمجمة. كما يت�سل به 

�لعلويان  و�لطرفان  �ل�سدرى  �لقف�ض  �ل�سدر  منطقة  فى 

�ل�سفليان فيت�سلان  �لطرفان  �أما  �لكتف.  بو��سطة عظام 

�لحو�ض،  عظام  بو��سطة  �أ�سفل  من  �لفقرى  بالعمود 

و�لقف�ض  �لجمجمة  وعظام  �لفقرى  �لعمود  على  ويطلق 

و�لاأط��ر�ف  �لاأحزمة  �أم��ا  �لمحورى«  »�لهيكل  �ل�سدرى 

�لاأربعة فيطلق عليها »�لهيكل �لطرفى«.

) أ ( الهيكل المحورى: يتكون من

تق�سم  فقرة   33 من  يتكون  الفقرى:  العمود   )1(

�ل�سكل تبعا لمنطقة  �إلى خم�ض مجموعات وتختلف فى 

متمف�سلة  عنقية  فقر�ت   7 عن  عبارة  وه��ى  وج��وده��ا 

من  حجما  )�أكبر  ظهرية  فقرة   21 متو�سط(،  )حجمها 

وتو�جه  جميعا  )�أكبرها  قطنية  فقر�ت   5 �سابقتها(، 

فقر�ت عجزية )عري�سة ومفلطحة   5 �لبطن(  تجويف 

�لحجم  )�سغيرة  ع�سع�سية  فقر�ت   4 معا(،  وملتحمة 

وملتحمة معا( )�سكل 1(. 

للج�سم  رئي�سية  كدعامة  �لفقارى  �لعمود  يعمل   -

�لر�أ�ض  حركة  فى  وي�ساعد  �ل�سوكى  �لحبل  وحماية 

و�لن�سف �لعلوى من �لج�سم.

تركيب الفقرة العظمية

»ج�سم  �سميك  �أم��ام��ى  ج��زء  من  �لفقرة  تتكون   -

عظميتان،  ز�ئدتان  �لجانبين  من  به  يت�سل  �لفقرة« 

�لخلف  من  به  يت�سل  كما  �لم�ستعر�سان«  »�لنتوء�ن 

ز�ئدة  وتحمل  �ل�سوكية«  »�لحلقة  عظمية  حلقة 

�شكل )1( العمود الفقرى

�شكل )2( الفقرة العظمية
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2) The skull (cranium)

It is a bony case consists of:

1. The Posterior part (cerebral part) consists of 8 
serrated bones attached firmly to each other to 
form a cavity to protect the brain. It contains 
a foramen magnum through which the spinal 
cord is connected to the brain (Fig. 3).

2. The Anterior part (facial part) includes face 
bones, the two jaws and the positions of sense 
organs (ears, eyes and nose).

3) The thoracic cage:

 A case, slightly conical in shape, connected 
posteriorly to the 12 thoracic vertebrae and 
anterioly to the sternum (a flat bone pointed 
at its lower part which is cartilaginous).

 The thoracic cage consists of 12 pairs of 
ribs, all  of them are connected posteriorly 
to the thoracic vertebra ,but the upper 10 
pairs only are connected to the sternum 
anteriorly , the two lower pairs are short 
and do not reach the sternum so, they are 
called floating ribs, which are short and do 
not reach the sternum.

 The rib is a curved bone attached posteroirly to the centrum of a vertebra and its 
transverse process.

 During inspiration the ribs move anteriorly and laterally to increase the volume of 
the thoracic cavity and vice versa during expiration also it protects the heart and 
lungs.

13مطابع روز اليو�سف

�ل�سوكى(  �أ�سفل  تعرف )بالنتوء  �إلى  خلفية مائلة 

)�سكل 2(.

يمتد  ع�سبية  بقناة  �لع�سبية  �لحلقة  تحيط   -

بد�خلها �لحبل �ل�سوكى لحمايته.

)2( الجمجمة: علبة عظمية تتكون من:

 8 من  يتكون  �لمخى(   )�لجزء  خلفى  جزء   -1

�لم�سننة  �أط��ر�ف��ه��ا  عند  ببع�سها  تت�سل  ع��ظ��ام 

�ت�سالات متينة وت�سكل هذه �لعظام تجويفاً ي�ستقر 

فيه �لمخ لحمايته، ويوجد بموؤخرة �لجزء �لمخى 

�ل�سوكى  بالحبل  �لمخ  خلاله  من  يت�سل  كبير  ثقب 

)�سكل 3(. 

2- جزء �أمامى )�لجزء �لوجهى( وي�سمل عظام �لوجه و�لفكين ومو��سع �أع�ساء �لح�ض )�لاأذنان و�لعينان 

و�لاأنف(.

علبة مخروطية   الصدرى:  القفص   )3(

بالفقر�ت  �لخلف  من  تت�سل  تقريبًا  �ل�سكل 

بالق�ض  �لاأم���ام  وم��ن  ف��ق��رة(   12( �لظهرية 

وجزوؤها  �أ�سفل  من  ومدببة  مفلطحة  )عظمة 

�ل�سدرى  �لقف�ض  ويتكون  غ�سروفى(  �ل�سفلى 

 .)4 )�سكل  »�ل�سلوع«  من  زوجا  ع�سر  �ثنا  من 

ع�سرة �أزو�ج منها ت�سل بين �لفقر�ت �لظهرية 

يت�سلان  لا  ق�سير�ن  وزوج��ان  �لق�ض  وعظمة 

و�ل�سلع  �لعائمة«  »�ل�سلوع  ت�سمى  وهى  بالق�ض 

من  وتت�سل  �أ�سفل  �إلى  تنحنى  مقو�سة  عظمة 

�ت�ساع  من  لتزيد  و�لجانبين  �لاأمام  �إلى  �ل�سلوع  هذه  وتتحرك  �لم�ستعر�ض.  ونتوئها  �لفقرة  بج�سم  �لخلف 

على  �ل�سدرى  �لقف�ض  ويعمل  �لزفير،  �أثناء  وبالعك�ض  �لتنف�ض  عملية  فى  �ل�سهيق  �أثناء  �ل�سدرى  �لتجويف 

حماية �لقلب و�لرئتين.

جزء مخى
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فك �شفلى

�لق�ض

�ل�شلوع

�ل�شلوع 

�لعائمة

ترقوة

�للوح

�أ�شنان

�شكل )3( الجمجمة

�شكل )4( القف�ص ال�شدرى 

Fig. (3) The skull (cranium)
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�لم�سننة  �أط��ر�ف��ه��ا  عند  ببع�سها  تت�سل  ع��ظ��ام 

�ت�سالات متينة وت�سكل هذه �لعظام تجويفاً ي�ستقر 

فيه �لمخ لحمايته، ويوجد بموؤخرة �لجزء �لمخى 

�ل�سوكى  بالحبل  �لمخ  خلاله  من  يت�سل  كبير  ثقب 

)�سكل 3(. 

2- جزء �أمامى )�لجزء �لوجهى( وي�سمل عظام �لوجه و�لفكين ومو��سع �أع�ساء �لح�ض )�لاأذنان و�لعينان 

و�لاأنف(.

علبة مخروطية   الصدرى:  القفص   )3(

بالفقر�ت  �لخلف  من  تت�سل  تقريبًا  �ل�سكل 

بالق�ض  �لاأم���ام  وم��ن  ف��ق��رة(   12( �لظهرية 

وجزوؤها  �أ�سفل  من  ومدببة  مفلطحة  )عظمة 

�ل�سدرى  �لقف�ض  ويتكون  غ�سروفى(  �ل�سفلى 

 .)4 )�سكل  »�ل�سلوع«  من  زوجا  ع�سر  �ثنا  من 

ع�سرة �أزو�ج منها ت�سل بين �لفقر�ت �لظهرية 
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(B) The appendicular skeleton

1) The pectoral girdle and the upper limbs:

The pectoral girdle consists of two identical halves. Each half consists of scapula 
which is a triangular bone, its inner end is broad while the outer end is pointed and has 
a process attached to the clavicle, which is a thin bone.

At the outer end of the scapula there is a glenoid cavity 
through which articulation with the fore limb takes place 
forming the shoulder joint.

Each upper limb consists of:

a) Upper arm supported by one bone called humerus.

b) Lower arm supported by two bones which are radius 
and ulna. The upper part of the ulna has a depression 
where the inner projection of the humerus fits. The 
radius is small in size and can rotate around a fixed 
ulna.

c) The wrist consists of two rows of 8 bones called carpals 
their upper ends are attached to the lower part of the 
radius, while their lower ends are attached to the bones 
of the hand Plam (Fig. 5).

d) The palm consists of 5 long thin bones called metacarpals 
followed by the ones of five digits each is made of 3 
bones called phalanges except the thumb which consists of 2 phalanges only.

2) The pelvic girdle and the lower limbs:

The pelvic girdle consists of two identical halves fused at the ventral side at a region 
called the pubic symphysis.

Each half consists of a dorsal bone called ilium which is attached anteriorly and 
ventrally to a bone called pubis and attached posteriorly and ventrally to a bone 
called ischium. At the position of attachment of ilium and ischium bones there is a 
deep depression called acetabulum into which the head of the thigh bone fits forming 

علم الأحياء للثانوية العامة
14

) ب ( الهيكل الطرفى: يتكون من

)1( الحزام الصدرى والطرفان العلويان:

كل  ويتركب  متماثلين  ن�سفين  من  �ل�سدرى  �لحز�م  يتركب 

طرفها  �ل�سكل  مثلثة  ظهرية  عظمة  وهو  �لكتف  لوح  من  ن�سف 

�لد�خلى عري�ض و�لخارجى مدبب به نتوء تت�سل به )�لترقوة( 

�لخارجى  �لطرف  عند  ويوجد  رفيعة..  باطنية  عظمة  وهى 

ر�أ�ض  فيه  ي�ستقر  �ل��ذى  �لاأروح  �لتجويف  �لكتف  ل��وح  لعظمة 

عظمة  �لع�سد مكوناً �لمف�سل �لكتفى. 

يتكون �لطرف �لعلوى من: �لع�سد و�ل�ساعد )�لزند و�لكعبرة( 

�لد�خلى  �لنتوء  فيه  ي�ستقر  تجويف  للزند  �لعلوى  وبالطرف   -

للع�سد - و�لكعبرة �أ�سغر حجما وتتحرك حركة ن�سف د�ئرية 

حول �لزند �لثابت.

 �أما �لر�سغ فيتكون من 8 عظام فى �سفين يت�سل طرفها �لعلوى 

)بالطرف �ل�سفلى للكعبرة(، و�لطرف �ل�سفلى بعظام ر�حة �ليد 

)�سكل 5( .  

وعظام ر�حة �ليد تتكون من 5 �أم�ساط رفيعة م�ستطيلة توؤدى 

�إلى عظام �لاأ�سابع �لخم�سة �لتى 

يتكون كل منها من 3 �سلاميات رفيعة 

عد� �إ�سبع �لاإبهام فيتكون من 

�سلامتين فقط .

)2( الحزام الحوضى 

والطرفان السفليان: 

 )6 )�سكل  �لحو�ض  عظام  تتكون 

فى  يلتحمان  متماثلين  ن�سفين  من 

�لناحية �لباطنية فى منطقة ت�سمى 

�لاأمامية  �لناحية  من  تت�سل  �لتى  �لظهرية  �لحرقفة  عظمة  من  منهما  ن�سف  كل  ويتكون  �لعانى  بالارتفاق 

�شكل )6( عظام الحو�ص

عظام �لعانة

فقر�ت 

ع�شع�شية

عظام �لحرقفة

فقر�ت 

عجزية

عظام �لورك

�لارتفاق �لعانى

�شكل )5( الطرف العلوى

�لتجويف 

�لحقى

Fig. (5)
The upper (fore) limb
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an articulation joints to form the hip joint 
(Fig. 6).

Each lower limb consists of :

a) Thigh bone which is supported by a bone 
called femur.

b) Shank, supported by 2 bones, inner tibia 
and outer fibula.

At the lower end of femur there are two 
processes that articulate with the shank at 
the knee joint. Infront of the knee joint there is a small, round bone called the patella.

c) The ankle consists of 7 bones called tarsals and the largest of which is that at the back 
which forms the heel.

d) The foot bones which consist of 5 bones called metatarsals 
which are long and thin and end with the bones of 5 toes 
each is made of 3 bones called phalanges except the big 
toe which has 2 phalanges only. (Fig. 7).

The skeletal system also includes cartilages, joints, 
ligaments and tendons.

(a) Cartilages:
 They are type of connective tissues, consists of cartilaginous 

cells and found usually at the tips of the bones especially at 
joints and between the vertebra of the vertebral column to 
protect the bones from corrosion due to continues friction 
,and the cartilages forms some body parts as ears, nose, 
bronchioles of lungs. The cartilages do not contain blood 
vessels, so they get food and oxygen from the bone cells 
by diffusion.

(b) Joints: 
 In the human skeleton, there are three types which are fibrous joints, cartilaginous 

joints, and synovial joints.

15مطابع روز اليو�سف

�لباطنية  �لخلفية  �لناحية  وم��ن  �لعانة،  بعظمة  �لباطنية 

يوجد  بالورك  �لحرقفه  �ت�سال  مو�سع  وعند  �ل��ورك  بعظمة 

�لنتوء  فيه  ت�ستقر  �لحقى«  »�لتجويف  ي�سمى  عميق  تجويف 

�لد�خلى لعظمة �لفخذ ليكون مف�سل �لورك.

يوجد  و�ل��ت��ى  �لفخد  عظمة  م��ن  الــســفــلــى  الــطــرف  يتكون 

باأ�سفلها نتوء�ن كبير�ن يت�سلان بال�ساق عند »�لمف�سل �لركبى«.

»�لق�سبة«  د�خلية  �أحد�هما  عظمتين  من  تتكون  و�ل�ساق   

عظمة  �لركبة  مف�سل  و�أم��ام   - »�ل�سظية«  خارجية  و�لثانية 

�سغيرة م�ستديرة ت�سمى »�لر�سفة«.و�لعرقوب يتكون من 7 عظام 

غير منتظمة �ل�سكل �أكبرها هى �لخلفية �لتى تكون كعب �لقدم.

-و عظام �لقدم يتكون من 5 �أم�ساط رفيعة وطويلة وينتهى كل 

منها بالاأ�سبع �لذى يتكون من 3 �سلاميات رفيعة عد� �لاإبهام فله 

�سلاميتان فقط )�سكل 7(.

و�لاأربطة  و�لمفا�سل  �لغ�ساريف  �أي�سا  �لهيكلى  �لجهاز  ي�سمل 

و�لاأوتار 

) أ ( الغضاريف : 

نوع من �لاأن�سجة �ل�سامة ، تتكون من خلايا غ�سروفية وتوجد 

من  �لعظام  لحماية  وذلك   ، �لفقاري  �لعمود  فقر�ت  وبين  �لمفا�سل  عند  وخا�سة  �لعظام  �أطر�ف  عند  غالبا 

و�ل�سعب  و�لاأن��ف  �لاأذن  مثل  �لج�سم  �أج��ز�ء  بع�ض  �لغ�ساريف  وت�سكل   ، �لم�ستمر  �حتكاكها  نتيجة  �لتاأكل 

�لهو�ئية للرئتين ، ولا تحتوى �لغ�ساريف على �أوعية دموية ، لذ� تح�سل على �لغذ�ء و�لاأك�سجين من خلايا 

�لعظام بالاإنت�سار 

) ب ( المفاصل: 

يوجد في �لهيكل �لعظمى ثلاثة �أنو�ع من �لمفا�سل هى �لمفا�سل �لليفية و�لمفا�سل �لغ�سروفية و�لمفا�سل 

�لزلالية  

1- المفاصل الليفية : تلتحم �لعظام عند هذه �لمفا�سل بو��سطة �أن�سجة ليفية ولا ت�سمح بالحركة ، 

ومع تقدم �لعمر يتحول �لن�سيج �لليفي �لى ن�سيج عظمي ، وهذه �لمفا�سل تربط عظام �لجمجمة ببع�سها من 

خلال �أطر�فها �لم�سننة 

�شكل )7( الطرف ال�شفلى

Fig. (7) Lower limb
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1. Fibrous joints: At these joints; the bones are fused with fibrous tissues does not 
allow movements, and by growing older its fibrous tissue change into bone tissue, 
these joints connect the bones of skull together through its serrated tips.

2. Cartilaginous joints: They are joints connect 
between the ends of some adjacent bones and 
allow a very limited movement like the cartilages 
which found between the vertebra of the vertebral 
column. (Shape 8).

3. Synovial joints: They represent most of the body 
joints, and the bones which in contact in the joints 
are covered with a delicate layer of transparent 
cartilaginous substance, and the bones are smooth 
which allow the movement of the bones easily with less friction. It is a flexible joints 
which bear shocks (trauma),and these joint contain a synovial fluid which facilitates 
the sliding of the cartilages that covering the bones.

From the examples of synovial joints: 
- Elbow joint and Knee joint which considered a limited movement joints because it 

allow the movement of one bone in one direction only.
- Shoulder joint and Hip joint . They are wide movement joints which allow the 

movement of bones in many directions.

(c) Ligaments: 
 They are separated bundles of fibrous connective 

tissue, their tips are fixed on the  two bones of the 
joint, and link the bones with each other at the joints 
and determine the movement of the joint in different 
directions, their fibers are characterized by a strong 
durability with the presence of a degree of elasticity 
to allow a little increase of their length in order not to 
be cut during the exposure of the external pressure, but 
in some cases the ligament may be ruptured  due to 
twisting of some joints as in the case of the cruciate 
ligament in the knee joint. (Fig. 9).

علم الأحياء للثانوية العامة
16

2- المفاصل الغضروفية : هى مفا�سل تربط 

ت�سمح  وهى   ، �لمتجاورة  �لعظام  بع�ض  نهايات  بين 

توجد  �لتى  �لغ�ساريف  مثل  جد�  محدودة  بحركة 

بين فقر�ت �لعمود �لفقاري )�سكل 8( 

3- المفاصل الزلالية : ت�سكل معظم مفا�سل 

في  �لمتلام�سة  �لعظام  �سطح  ويغطى   ، �لج�سم 

�لمفا�سل بطبقة رقيقة من مادة غ�سروفية �سفافة 

ب�سهولة  �لعظام  بحركة  ي�سمح  مما  مل�ساء  و�لعظام 

�لتى  �لمرنة  �لمفا�سل  من  وه��ى  �حتكاك  وباأقل 

�لتى تك�سو  �لغ�ساريف  �نزلاق  �أو زلالي ت�سهل من  �لمفا�سل على �سائل م�سلي  �ل�سدمات وتحتوى هذه  تتحمل 

�أطر�ف �لعظام 

من أمثلة المفاصل الزلالية : 

�لعظام في  �أحد  لاأنها ت�سمح بحركة  �لحركة  �لمفا�سل محدودة  من  �لركبة وهى  �لكوع ومف�سل  مف�سل   

�تجاه و�حد فقط 

  مف�سل �لكتف ومف�سل �لورك وهي من �لمفا�سل و��سعة �لحركة �لتى ت�سمح بحركة �لعظام في �تجاهات 

مختلفة 

)ج ( الأربطة : 

عباره عن حزم منف�سلة من �لن�سيج �ل�سام �لليفي 

، تثبت �أطر�فها على عظمتى �لمف�سل ، حيث تعمل 

وتحديد  �لمفا�سل  عند  ببع�سها  �لعظام  ربط  على 

حركة �لمفا�سل في �لاتجاهات �لمختلفة ، وتتميز 

�لقوية وبوجود درجة من  بمتانتها  �لاأربطة  �ألياف 

�لمرونة ت�سمح بزيادة طولها قليلا حتى  لا تنقطع  

في حالة تعر�ض �لمف�سل ل�سغط خارجي ، ولكن في 

عند  ل��لاأرب��ط��ة  تمزق  يحدث  ق��د  �ل��ح��الات  بع�ض 

حدوث �لتو�ء في بع�ض �لمفا�سل كما في �لرباط �ل�سليبي فى مف�سل �لركبة 

�شكل )8( المفا�شل الغ�شروفية

�شكل )9( الأربطة فى مف�شل الركبة

فقرة

غ�شروف

Fig. (9) Ligaments
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�لمرونة ت�سمح بزيادة طولها قليلا حتى  لا تنقطع  

في حالة تعر�ض �لمف�سل ل�سغط خارجي ، ولكن في 

عند  ل��لاأرب��ط��ة  تمزق  يحدث  ق��د  �ل��ح��الات  بع�ض 

حدوث �لتو�ء في بع�ض �لمفا�سل كما في �لرباط �ل�سليبي فى مف�سل �لركبة 

�شكل )8( المفا�شل الغ�شروفية

�شكل )9( الأربطة فى مف�شل الركبة

فقرة

غ�شروف

Fig. (8) Cartilaginous joints

Vertebral 
body

cartilage
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(d) Tendons:

 They are a strong connective tissue that 
link the muscles with bones at the joints 
which allow the movement of muscles 
during their contraction and relaxation. For 
example, Achilles tendon which connects 
the gastrocnemius muscle with heel bone. 
In some cases, this tendon may exposed to 
damage due to vigorous effort or sudden 
muscle contraction and the loss of elasticity 
in the muscles. From the symptoms of  Achilles tendon tearing is inability of walking, 
heavy movement of foot, and acute pain, which can be treated with anti- inflammatory 
and analgesic drugs, using  a medical splint, while the surgical intervention  does not 
occurs except during the complete tearing of the lendon.

Movement in living organisms

Movement : is a phenomenon which distinguishes living organisms.

The living organism has self-movement and can respond to external stimuli.

Movement in living organisms has many types. The continuous movement inside 
each cell for its vital activities such as cytoplasmic streaming, a positional movement 
of someorgans such as peristalsis in vertebrate intestines, and the movement of 
insectivorous plant leaves. The organism can move from place to place in search of 
food or for a mate but this type of movement is restricted to animals.

Movement of the animal from place to another leads to its spread in nature.

An animal cannot attain balance or move unless it possesses a solid support to which 
muscles are attached. Such kind of support may be external as in the arthropods or 
internal as in vertebrates. This is the skeleton.

The internal skeleton may be cartilaginous as in cartilaginous fish or bony as in bony 
fish. Whaterver the kind of skeleton, it consists of segments attached to each other by 
joints to facilitate movement.

17مطابع روز اليو�سف

) د ( الأوتار : 

ربط  على  يعمل  قوى  �سام  ن�سيج  عن  عبارة 

ي�سمح  بما   ، �لمفا�سل  عند  بالعظام  �لع�سلات 

 ، �لع�سلات  و�نب�ساط  �نقبا�ض  عند  للحركة 

ومن �أمثلة ذلك وتر �أخيل �لذي ي�سل �لع�سلة 

�لكعب  �ل�ساق( بعظمة  �لتو�أمية )ع�سلة بطن 

، وفي بع�ض �لاأحيان يتمزق هذ� �لوتر ب�سبب 

 ، �لمفاجئ  �لع�سلات  تقل�ض  �أو  عنيف  مجهود 

�أعر��ض  ومن   ، �لع�سلات  في  �لمرونة  و�نعد�م 

تمزق وتر �أخيل هو عدم �لقدرة على �لم�سى وثقل في حركة �لقدم و�لام حادة ، ويعالج بالاأدوية �لم�سادة 

�لجر�حي فلا يحدث �إلا �إذ� كان تمزق  �لتدخل  �أما   ، للالتهابات و�لم�سكنة للاألام ، و��ستخد�م جبيرة طبية 

�لوتر كاملا .   

الحركة فى الكائنات الحية
الحركة: ظاهرة تميز جميع �لكائنات �لحية، فحركته تن�ساأ ذ�تيا نتيجة لاإثارته فعندما يتعر�ض لاإثارة 

ما فاإنه ي�ستجيب لها �إيجابا �أو �سلبا، ومن كلتا �لحالتين تكون �لا�ستجابة حركة. و�لحركة فى �لكائن �لحى 

�لحيوية  ن�ساطاته  ت�سير  �لحى  �لكائن  خلايا  من  خلية  كل  د�خل  د�ئبة  حركة  فهناك  عديدة،  �أن��و�ع  لها 

�معاء  في  �لدودية   كالحركة  �لحى  �لكائن  �أجز�ء  لبع�ض  مو�سعية  حركة  وهناك  �ل�سيتوبلازمية  كالحركة 

ور�ء  �سعيا  �أو  �لغذ�ء  عن  بحثا  �آخر  �إلى  مكان  من  �لحى  �لكائن  بها  يتحرك  كلية  حركة  وهناك  �لفقاريات 

�لجن�ض �لاأخر �أو تلافيا لخطر فى بيئته. 

وتوؤدى حركة �لحيو�ن وتنقله من مكان �إلى �أخر لزيادة �نت�ساره، وكلما كانت و�سائل �لحركة فى �لحيو�ن 

قوية و�سريعة كلما �ت�سعت د�ئرة �نت�ساره.

ولايمكن لهذ� �لحيو�ن �أن يحتفظ بتو�زنه ولا �أن يتحرك دون �أن يكون له مرتكز �سلب يت�سل به �لع�سلات، 

هيكل  فت�سمى  �لفقاريات  فى  كما  د�خلية  �أو  �لمف�سليات  فى  كما  خارجية  �لدعامة  هذه  مثل  تكون  وقد 

�لاأ�سماك  فى  كما  عظميا  �أو  �لغ�سروفية  �لاأ�سماك  فى  كما  غ�سروفيا  �لد�خلى  �لهيكل  يكون  وقد  �لحيو�ن، 

�لعظمية. وكيفما كان �لهيكل فاإنه يتكون من قطع تت�سل ببع�سها �ت�سالا مف�سليا يتيح �لحركة.

Fig. (10) Achilles tendon�شكل )10( وتر اأخيل

Gastrocnemius
muscle

Achilles
tendon

heel
bones
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First: Movement in Plants

As mentioned before, leaves of some plants are affected by touch. When the leaflets 
of Mimosa are touched, they collapse in successive order followed by the petiole. This 
movment is a response to touch.

Also, the leaves of this plant and some leguminous plants partially close during 
darkness and return back to their original position in the light. Thus through the 
succession of light and dark movement of the leaves, which is similar to awakening and 
sleeping occurs and so this movement is known as sleeping movement. We have also 
studied tropism which is respone of different parts of the plant to light, humidity and 
gravity due to the difference in growth rates resulting from the effect of auxins.

Haptotropism: (pulling movement)

One special type of movement is Haptotropism 
which is seen in tendrils of pea. The tendril raises itself 
into the air and is likely to make contact with a solid 
object. It immediately twines closely around the object 
for a few turns in a spiral form. Its length decreases, 
and so the plant stem approaches the support, and 
grows vertically. Then the tendril becomes thickened 
and lays down a considerable amount of mechanical 
tissue.

If the tendril does not meet a support during its twining movement, it wilts and 
dies. The twining of the tendril around the support is due to slow growth on the side in 
contact with the support, and accelerated growth on the side of the tendril away from 
the support. This leads to elongation of the far side and so the tendril twines around the 
support (fig 11).

Corms and bulbs have pulling roots below them, by conrtaction of these roots, the 
corm or bulb is pulled downwards to a suitable level in  the soil. Subterranean storing 
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Locomotion in plant أولا: الحركة فى النبات
فاإنها  �لم�ستحية  وريقة  لم�ض  فعند  �لمثير،  لهذ�  ��ستجابة  فتتحرك  باللم�ض  �لنباتات  بع�ض  �أور�ق  تتاأثر 

تتدلى كما لو كان �أ�سابها �لذبول، وتعرف هذه �لحركة بالحركة عن طريق �للم�ض.

كما �أن نف�ض �لنبات وبع�ض �لبقوليات تتقارب وريقاتها �إذ� ما 

حركة  �لوريقات  فى  تن�ساأ  و�لظلام  �لنور  وبتو�لى  �لليل  �أقبل 

�نب�ساط وحركة تقارب �أى حركة يقظة ونوم ولهذ� ت�سمى هذه 

بحركة �لنوم.

كما �أن جميع �لنباتات تتميز بحركة �نتحاء وهى ��ستجابات 

مختلف �أجز�ء �لنبات بتاأثير �ل�سوء و�لرطوبة و�لجاذبية.

عن  �لحركة  �لاإح�سا�ض.  فى  در��سته  �سبق  ما  �إل��ى  ون�سيف 

طريق �ل�سد، وحركة �ل�سيتوبلازم د�خل �لخلية.

حركة الشد:

تبد�أ حركة �ل�سد فى محاليق �لنباتات �لمت�سلقة كالبازلاء وفى جذور �لكورمات و�لاأب�سال. ويبد�أ �لحالق 

�سلبا،  ج�سما  يلم�ض  حتى  �لهو�ء  فى  يدور  باأن  عمله 

�ل�سلب  �لج�سم  ه��ذ�  ح��ول  يلتف  �للم�ض  وبمجرد 

�أج��ز�ء  من  بقى  ما  يتموج  ثم  ب��ه،  �لت�ساقه  ويوثق 

وبذلك  طوله  فينق�ض  لولبية  حركة  ف��ى  �لحالق 

�لدعامة  �إلى  ي�سدها  �أى  �لدعامة  نحو  �ل�ساق  يقترب 

�لحالق بما  ر�أ�سيا، وبعد ذلك يتغلظ  �ل�ساق  في�ستقيم 

يتكون فيه من �أن�سجة دعامية فيقوى وي�ستد، �أما �إذ� 

به  يلت�سق  ما  �لدور�نية  حركته  فى  �لحالق  يجد  لم 

فاإنه يذبل ويموت. ويلاحظ �أن �سبب حركة �لمحلاق 

تلام�ض  �لتى  �لمنطقة  نمو  بطء  هو  �لدعامة  حول 

لا  �ل��ت��ى  �لمنطقة  نمو  ي�سرع  حين  على  �ل��دع��ام��ة 

تلام�سه فت�ستطيل مما يوؤدى �إلى �لتفاف �لحالق حول 

�لدعامة )�سكل 11(. 

�شكل )11( حركة المحاليق

�شكل )12( حركة ال�شد فى الجذور 

لأب�شال النرج�ص

Fig. (11) Movement in tendrils
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stems remain at a suitable distance from the soil surface by the help of these pulling 
roots, which support the aerial parts against wind effects. (Fig 12).
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كما �أن جميع �لنباتات تتميز بحركة �نتحاء وهى ��ستجابات 
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Fig. (12) Pull movement
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Cytoplasmic streaming:

One of the main characteristics of the living cytoplasm is its continuous rotation inside 
the cell. This is shown when examining Elodea leaf cells (Fig. 13). It is in aquatic plant 
under the high power microscope. We can see the cytoplasm forming a thin layer lining 
the cell wall and streaming in a rotational movement in one direction. This movement 
is indicated by the movement of the chloroplasts embedded in the cytoplasm,
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Second: Movement in Man

The study is concrened with the movement in man as an example for mammals. 
Looking for your hands while turning over these pages, or your legs while walking on 
your way to school, you will find that the movement depends on three systems, skeletal 
system which supports the movement of limbs, the muscular system for contraction and 
relaxation of the muscles that move the limbs and the nervous system whichhhhh gives 
the order to the muscles to contract and relax.

The Muscular system:
The muscular system is a group of body muscles by which different parts of body 

can move.

The unit of structure of the muscular system is the muscle. The muscle consists of 
a muscular tissue and usually known as flesh. The number of muscles in man is about 
620 muscles or more.

Functions of muscles:
The muscles are characterized generally by being filamentous and have the ability of 

contraction and relaxation.

Muscle contraction is important to perform the following functions:

a) Movement, and includes the change in the position of certain organ in relation to 
other parts of the body.

b) Transportation from one place to another.

c) Continuous movement of blood inside the blood vessels and to maintain normal 
blood pressure inside blood vessels through the contraction of the smooth muscles 
“involuntary” in the wall of blood vessels.

d) Maintain body posture either in sitting or standing postions especially by the muscles 
of neck, trunk and lower limbs.

Structure of the skeletal muscle:
The muscle consists of a large number of units called muscle cells or muscle fibres. 

Each muscle fibre consists of a group of myofibrils, 1000 to 2000 in number, arranged 
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longitudinally and parallel to the longitudinal axis of the muscle. Each muscle fibre 
contains a large number of nuclei (multinucleated).

Each muscle fibre consists of:

a) The protoplasm contain cytoplasm 
called sarcoplasm.

b) The membrane which surrounds the 
sarcoplasm is called sarcolemma.

c) The muscle fibres are collected in groups 
called muscle bundles surrounded by a 
membrane called perimysium.

d) Each muscle fibre consists of:

1. Alternating dark and light bands (or 
discs) which give the muscle fibre a 
striated appearance.

 The light band called I-band and bisected 
by a dark line called Z-line. It is formed 
of a thin protein filaments called actin.

2. The dark band is called A-band and 
bisected by a semi-light area called 
H-zone. It is formed of another thick 
protein filaments called myosin 
(Fig. 14).

3. The distance between each suecessive 
two Z-lines is called sarcomere.

 This pattern of striations is present in the skeletal muscles and cardiac muscles and 
hence called striated muscles. This pattern is not present in the smooth muscles which 
are also called unstriated muscles.

Muscle contraction:
The muscles have the a bility to contract and relax causing motion.

علم الأحياء للثانوية العامة
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وظائف العضلات:

و�لانقبا�ض  و�لانب�ساط،  �لانقبا�ض  على  �لقدرة  ولها  عام،  بوجه  �ل�سكل  خيطية  باأنها  �لع�سلات  تتميز 

�لع�سلى �سرورى لتاأدية �لن�ساطات و�لوظائف �لتالية:-

�أ- �لحركة وت�سمل تغيير و�سع ع�سو معين من �لج�سم بالن�سبة لبقية �لج�سم.

ب- �لانتقال من مكان �إلى مكان �آخر.

ج�- ��ستمر�ر تحرك �لدم فى �لاأوعية �لدموية و�لمحافظة على �سغط �لدم د�خل هذه �لاأوعية �لدموية 

عن طريق �نقبا�ض �لع�سلات �لمل�ساء )�للا�إر�دية( �لموجودة فى جدر�نها.

و�لجذع  �لرقبة  ع�سلات  بف�سل  وذلك  �لوقوف  �أو  �لجلو�ض  فى  �سو�ء  �لج�سم  و�سعية  على  �لمحافظة  د- 

و�لاأطر�ف �ل�سفلية.

تركيب العضلة الهيكلية:
�لهيكلية تتركب  �لع�سلة  �سبق ودر�ست فاإن  كما 

مع  متما�سكة  رفيعة  خيوط  من  كبير  ع��دد  من 

�لع�سلية  )�ل��خ��لاي��ا(  �لاأل��ي��اف  ت�سمى  بع�سها 

ع�سلية  )خلية(  ليفة  وكل   ،  Muscle Fibers

ع�سلية  ل��ي��ي��ف��ات  م��ن  م��ج��م��وع��ة  ع��ل��ى  ت��ح��ت��وى 

�إلى  �أل��ف  بين  ما  عددها  يتر�وح   Myofibrils

للمحور  وم��و�زي��ة  طوليا  مرتبة  لييفة  �ألفين 

على  �لع�سلية  �لليفة  وتحتوى  للع�سلة  �لطولى 

عدد كبير من �لاأنوية. وتتكون من:

�أ - �لمادة �لحية )�لبروتوبلازم(  و�ل�سيتوبلازم 

ف����ى �ل���ع�������س���لات ي����ع����رف ب���ال�������س���ارك���وب���لازم 

Sarcoplasm

يعرف  بال�ساركوبلازم  يحيط  خلوى  غ�ساء   - ب 

Sarcolemma بال�ساركوليما

فى  ت��وج��د  د�ئ��م��ا  �لع�سلية  �لاأل���ي���اف  ج����- 

�لع�سلية تحاط بغ�ساء  مجموعات تعرف بالحزم 

يعرف بغ�ساء �لحزمة.

�شكل )14( تركيب الع�شلات الهيكلية
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Three main systems coordinate together to perform proper different body 
movements which are:

a) The skeletal (bony) system: as it provides a suitable site of connection of muscles 
from one side and to support the moving limbs from the other side, accordingly the 
joints play an important role in movment.

b) The nervous system: which gives the orders for muscles (in the from of nerve 
impulse) to contract and relax.

c) The muscular system: which is responsible for movement. 

 Most of the body muscles are under the control of will and called voluntary muscles 
(skeletal, striated muscles). Other muscles are not under the control of will and called 
involuntary muscles.

According to the previously mentioned information we have to answer the following 
questions:

a) How does the muscle contract? 

b) What are the role of nerve impulse and the physiology of muscle response to nervous 
stimulation?

c) How all these parts coordinate together?

1. In skeletal muscles, the outer surface of the muscle fibre membrane is (+ve) positively 
charged while the inner surface is (-ve) negatively charged, that form potential 
difference due to the difference of the ions concentrations between outside and inside 
the membrane.

2. The stimulus for muscle contraction is the motor impulses that coming from the 
brain and spinal cord through the motor nerve which is connected firmly with muscle 
fiber through synapse.

3. The synapse has synaptic vesicles contain neurochemical transmitters as acetylcholine.

4. When the motor impulses reach the synapse, the calcium pump in the cell membrane 
push the calcium ions inside the cell causing rupture of the synaptic vesicles to release 
the neurochemical transmitters as acetylcholine through the synaptic cleft between 
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the nerve fibre and the membrane of the muscle fibre change its permeability so, the 
sodium ions pass through the membrane causing depolarization (+ve inside and -ve 
outside) this leads to muscle contraction.

5. After a part of a second the potential difference of the muscle fibre membrane returns 
to its normal state “repolarization” due to the action of Cholinesterase enzyme, which 
destroys acetylcholine into choline and acetate (acetic acid),so. The membrane 
permeability to ions returns to the resting state it is now ready to be stimulated and 
respond again and so on.

Mechanism of Muscle contraction (The theory of sliding filaments)
The most acceptable theory for muscle contraction is the theory of Huxely. This 

theory depends on the microscopic sturcture of the muscle fibre which consists of 
myofibrils. Each myofibrils consists of thin actin filaments and thick myosin filaments 
as previously mentioned. After comparing a muscle fibre in a state of contraction with 
another fibre in a state of relaxation using electorn microscope.

Huxely concluded that the protein filaments slide over each other due to the presence 
of transverse links extended from the myosin filaments and attach to the actin filaments.

In the presence of calcium ions and energy the transverse links act as hooks that pull 
the actin filaments from both sides towards each other by using the energy stored in ATP 
leading to muscle contraction.

During the contraction the 
(Z) lines become closed to each 
other, so the muscle contract, 
when the stimulus disappears, 
the transverse links move away 
from the actin filaments, then the 
muscle relax and the (Z) lines 
move away from each other, 
and the sarcomeres return to the 
fundamental length. Fig. (15).

23مطابع روز اليو�سف

 ATP �لمخزنة فى جزئيات  �لطاقة  �لم�ستعر�سة كخطاطيف ت�سحب بم�ساعدة  �لرو�بط  عندما تعمل هذه 

�لمجموعات �لمتجاورة من خيوط �لاكتين باتجاه بع�سها �لبع�ض فينتج عنه �نقبا�ض �لليفة �لع�سلية. 

�أثناء �لانقب�سا تتقارب خطوط )Z( من بع�سها، وهكذ� تنقب�ض �لع�سلة، وعند زو�ل �لمنبه تبتعد �لرو�ط 

�لع�سلية  �لقطع  �لع�سلة ويتباعد خطوط )Z( عن بع�سه وتعود  �لاأكتين فتنب�سط  �لم�ستعر�سة عن خيوط 

�إلى طولها �لاأ�سا�سى �سكل )15(.

ت�ستهلك �لع�سلة جزء من �لطاقة �لمختزنة فى ATP فى ف�سل �لرو�بط �لم�ستعر�سة عن خيوط �لاأكتين، 

فتظل  �لاأكتين  خيوط  عن  �لم�ستعر�سة  �لرو�بط  �نف�سال  عدم  �إلى  ذلك  يوؤدى  قد   ATP تناق�ض  عند  لذ� 

�لع�سلة فى حالة �نقبا�ض وغير قادرة على �لانب�ساط.

خيوط  عن  و�نف�سالها  �لانقبا�ض  �أثناء  �لاأكتين  بخيوط  �لم�ستعر�سة  �لرو�بط  �ت�سال  عمليتى  تحتاج 

.ATP لاأكتين عن �لانب�ساط �إلى �لطاقة �لمخزنة فى جزئات�

ورغم وجود هذه �لنظرية �لتى تف�سر �نقبا�ض �لع�سلات �لهيكلية )�لمخططة( �إلا �أنها لم ت�ستطع �أن تف�سر 

�آلية �نقبا�ض �لع�سلات �لمل�ساء رغم وجود بع�ض �لتقارير �لعلمية �لتى ت�سير �إلى �أن �لخيوط �لبروتينية فى 

�ألياف �لع�سلات �لمل�ساء تتكون من نوع ي�سبه �إلى حد كبير �لخيوط �لاأكتينية فى �لع�سلات �لهيكلية.

 Motor Unit : الوحدة الحركية

لكى نتعرف على �لمظاهر �لميكانيكية لعملية �لانقبا�ض �لع�سلى لابد هنا �أن نتعرف على �لوحدة �لحركية 

جميع  �نقبا�ض  مح�سلة  �إلا  هو  ما  �لع�سلات  �نقبا�ض  لان  �لهيكلية،  للع�سلة  �لوظيفية  �لوحدة  تعتبر  و�لتى 

�لوحد�ت �لحركية �لموؤلفة للع�سلة. 

Fig. (15) The muscle contraction�شكل )15( النقبا�ص الع�شلى
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The muscle consumes a part of the ATP stored energy to separate the transverse 
links from the actin filaments, so the deficiency of ATP may lead to prevent the separate 
between the transverse links and the actin filaments therefore the muscle still in a 
contraction state and can not relax.

This theory does not explain the contraction of unstriated smooth muscle although 
scientific reports suggest that the protein filaments in smooth muscle are almost similar 
to that in skeletal muscles.

The Motor Unit:

The motor unit is the unit of function of 
the skeletal muscle. The muscle contraction 
is the summation of all motor units forming 
the muscle.

Each motor unit consists of a group 
of muscle fibres and the nerve fibre 
supplying them. As the motor nerve fibre 
enters the muscle it divides into a large 
number of branches which supply a group 
of muscle fibres (5-100). Esch terminal 
branch attaches one muscle fibre at a place 
called the motor end plate and the point 
of connection is called the neuromuscular 
junction.

Muscle fatigue:

• Repeated rapid contraction of muscle leads to its fatigue due to the inability of the 
blood to supply the muscle rapidly with the oxygen needed for respiration and energy 
production.   

• Accordingly the muscle converts glycogen to glucose which oxidized anaerobically 
(shortage of oxygen) to produce rapid energy to allow the muscle to contract, causing 
the accumulation of lactic acid which causes muscle fatigue. 

علم الأحياء للثانوية العامة
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 )16 )�سكل  �لحركية  �لوحدة  وتتكون 

من مجموعة من �لاألياف �لع�سلية و�لخلية 

�لع�سبية �لتى تغذيها وعند دخول �لليف 

�إلى  يتفرع  �لع�سلة،  �إلى  �لحركى  �لع�سبى 

عدد كبير من �لفروع �لع�سبية، وكل ليف 

�لاألياف  من  ع��دد�  يغذى  حركى  ع�سبى 

ليف  بين )5 - 100(  ما  �لع�سلية يتر�وح 

�لتى  �لنهائية  تفرعاته  بو��سطة  ع�سلى 

�لنهائية  بال�سفائح  منها  �لو�حد  يت�سل 

لليفة   Motor End Plate �لحركية 

هذ�  �لات�����س��ال  م��ك��ان  وي��ع��رف  �لع�سلية 

ب���ال���و����س���ل���ة �ل��ع�����س��ب��ي��ة �ل��ع�����س��ل��ي��ة 

Neuromuscular Junction

 Muscle Fatigue :إجهاد العضلة
�نقبا�ض �لع�سلة ب�سورة متتالية و�سريعة ي�سبب �جهادها وتعبها وذلك لان �لدم لا ي�ستطيع نقل �لاأك�سجين 

تحويل  �إلى  �لع�سلة  تلجاأ  ولهذ�  �لطاقة.  و�نتاج  �لتنف�ض  من  �حتياجاتها  للع�سلة  ليوفر  �لكافية  بال�سرعة 

)لا  �للاهو�ئى  �لتنف�ض  بطريقة  يتاأك�سد  �أن  يلبث  لا  �لذى  جلوكوز  �إلى  حيو�نى(  )ن�سا  �لجلايكوجين  مادة 

�لعملية تر�كم حام�ض  للعمل وينتج عن هذه  �كبر  �لع�سلة فر�سة  �أك�سجين( لانتاج طاقة تعطى  �إلى  يحتاج 

 ATP لذى ي�سبب تعب �لع�سلة و�جهادها، وتناق�ض جزئيات�  Lactic Acid معين ي�سمى حام�ض �للاكتيك

فى �لع�سلة ي�سبب عدم �نف�سال �لرو�بط �لم�ستعر�سة عن خيوط �لاأكتين فتظل مرتبطة بها وتظل �لع�سلة 

فى حالة �نقبا�ض م�ستمر، وهذ� ما ي�سبب حدوث �ل�سد �لع�سلى �لموؤلم.

عند �لر�حة ت�سل �لع�سلة كمية كافية من �لاأك�سجين وتقوم �لع�سلة بالتنف�ض �لهو�ئى و�إنتاج كمية كبيرة 

تبد�أ  وبالتالى  �لع�سلة،  و�نب�ساط  �لاأكتين  خيوط  عن  �لم�ستعر�سة  �لرو�بط  �نف�سال  على  تعمل   ATP من 

�لع�سلة من جديد فى تتابع من �لانقبا�سات و�لانب�ساطات.

�ل�سد  �لع�سلات وحدوث نزف دموى، وقد يحدث  �لز�ئد عن �لحد فى تمزق  �ل�سد �لع�سلى  يمكن �أن يت�سبب 

�لع�سلى �أي�سا ب�سبب تد�خل �لاختلالات �لناتجة عن و�سول �لنب�سات �لع�سبية غير �ل�سحيحة من �لمخ �إلى 

�لع�سلات مع �لاأد�ء �لطبيعى لها.

�شكل )16( الوحدة الحركية
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• The shortage of ATP in the muscle leads to prevent the separation of the transverse 
links from the actin filaments, so the muscle still in the case of contraction and can’t 
relax that causing painful muscle spasm.

• When the muscle stop moving that give the chance for the muscle to be supplied by 
enough amount of oxygen to perform aerobic cellular respiration, which produces a 
large amount of ATP causing that separate the transverse links from the actin filaments 
and the muscle go on alternation of contraction and relaxation.

• The excessive spasm  may leads to tear the muscle causing bleeding, also the muscle 
spasm may be caused due to the troubles that resulted from the arrival of incorrect 
nerve impulses from the brain to the muscles during its normal performance. 
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Questions

1. Choose the correct answer :

1. The movement in man takes place by coordination of a group of systems which 
are:

 a) The muscular, the skeletal and the circulatory systems.

 b) The respiratory, the nervous and the skeletal systems.

 c) The skeletal, the nervous and the muscular systems.

 d) The skeletal, the respiratory and the circulatory systems.

2. The proper energy store for the muscle is:

 a) ATP molecules.

 b) Glycogen.

 c) Glucose.

 d) Lactic acid.

3. Muscle spasm during fatigue is due to accumulation of a chemical substance 
called:

 a) Carbon dioxide.

 b) Alcohol.

 c) Lactic acid.

 d) Amino acid.

4. Physiological support in plants is represented by:

 a) Thickness of plant cell to prevent water loss in plants.

 b) Turgidity of plant cell.
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 c) Turgidity of vessels filled with nutrients.

 d) Deposition of cellulose on cell walls.

2. Give reason :
 1. Tendrils twin around the support.

 2. Presence of girdles in the appendicular skeleton of animals.

 3. Muscle fatigue.

 4. Blood is in continuons movement inside the blood vessel.

 5. The sliding theory of muscle contraction is the most acceptable to explain muscle 
contraction.

 6. Presence of the enzyme cholinesterase at the neuromuscular junction.

3. Draw a labelled diagram of vertebra.

4. What do you know about:
 Coccigeal region - pelvic girdle - pectoral girdle - scapula - muscle bundle - cruciate 

ligament - Achilles tendon - synovial Joints.

5. The motor unit is the junctional unit of skeletal muscle. Discuss with reference 
to its componants.

6. The movement is a result of coordination of the skeletal, the muscular and 
the nervous system in man. Explain.
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At the end of this chapter the student should be able to :
	Determine	the	scientific	efforts	to	discover	hormones.

	Determine	the	importance	of	auxins	in	plants.

	Determine	the	function	of	hormones.

	Mention	the	endocrine	glands	in	man.

	Determine	the	characters	of	hormones.

	Compare	between	exocrine	and	endocrine	glands	in	man.

	Determine	the	role	of	pitutary	gland	as	a	master	gland.

	Determine	 the	 role	 of	 some	 glands	 as	 thyroid,	 parathyroid	 and	
adrenal	glands.

	Determine	the	role	of	pancreas	in	regulating	the	sugar	content	in	
blood.

	Know	the	effect	of	hypo	and	hyper	secretion	of	hormones.

	Compare	between	hormonal	and	neural	coordination.

Chapter Two

Hormonal Coordination
in Living Organisms
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The Endocrine System

As	mentioned	before,	all	body	functions	are	under	nervous	and	hormonal	control.	
The	 endocrine	glands	 are	ductless	 glands	 and	 secret	 hormones	directly	 to	 the	blood	
stream.	Any	 increase	 or	 decrease	 in	 the	 amount	 of	 secretion	 of	 any	 hormone	 leads	
to	 disturbances	 in	 the	 functions	 and	 results	 in	 pathological	 changes	 and	 symptoms	
characteristic	for	this	hormone.

Hormones

The	 hormone	 is	 defined	 as	 a	 chemical	 substance	 synthesized	 and	 secreted	 by	 an	
endocrine	 gland	 and	 transported	 by	 the	 blood	 to	 another	 organ	where	 it	 affects	 the	
function	and	the	growth	of	this	organ.	Most	of	the	effects	of	hormones	are	in	the	form	
of	stimulation	of	other	gland	or	organs.

Discovery of Animal Hormones:

1. Cloud Bernar:

	 He	studied	the	liver	functions	in	1855	and	considered	the	stored	sugar	in	the	liver	as	
an	internal	secretion	and	the	bile	as	an	external	secretion.

2. Starling in 1905, found that:

a)	The	pancreas	starts	to	secret	the	pancreatic	juice	directly	after	the	arrival	of	food	to	
the	duodenum	even	after	the	nerve	supply	was	cut.

b)	He	concluded	that	there	must	be	a	non	nervous	stimulation.

c)	Finally,	he	discovered	the	presence	of	certain	chemical	substances	secreted	from	
the	mucus	membrane	lining	the	duodenum	which	pass	to	the	blood	to	stimulate	the	
pancreas	to	secret	the	pancreatic	juice.

d)	He	named	these	substances	hormones	(A	Greek	word	which	means	activators).

Hormones in plants

B.	Jensen	in	1913	was	able	to	explain	phototropism	of	a	growing	point	in	view	of	
auxins	(plant	hormones).	He	proved	that	the	connection	between	the	receptor	and	the	

24
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region	of	curvature	occurs	due	to	the	auxins	as	indole	acetic	acid.	Plants	have	no	special	
glands	to	secrete	hormones	(auxins)	but	they	are	secreted	by	the	tip	of	the	coleoplite	and	
buds	and	affect	other	parts	of	the	plant.

The importance of auxins:
1.	Regulate	plant	growth.

2.	Organizing	the	development	of	tissues.

3.	The	formation	of	flowers,	leaf	fall,	fruit	formation	and	ripening.

4.	Affects	the	function	of	all	tissues.

Hormonal
Coordination in Man

The scientists were able to know the functions of hormones through:

1.	The	study	of	symptoms	resulted	from	enlargement	or	removal	of	one	of	the	endocrine	
glands	(in	man	and	animals).

2.	The	study	of	the	chemical	structure	of	extracts	of	endocrine	glands	and	their	effects	
on	different	vital	activities.

Characteristics of Hormones:

1.	Hormones	are	organic	 substances.	Some	hormones	are	proteins,	others	are	amino	
acids	or	steroids	(lipid	derivatives).

2.	Hormones	are	secreted	in	very	small	amounts	in	micrograms	(1/1000	milligram).

3.	Hormones	perform	the	following	important	functions:

	 a)	Keep	the	balance	of	the	internal	environment	of	the	body	(homeostasis).

	 b)	Body	growth.

	 c)	Sexual	maturity.

	 d)	Metabolism	(utilization	of	food).

	 e)	Behaviour	and	emotional	and	intellectual	development.
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Glands in Man
Three types of glands are present in man:

1. Exocrine glands:
	 Each	exocrine	gland	consists	of	a	secretory	part	in	addition	to	a	duct	or	a	system	of	

ducts	which	carries	the	secretions	either	to	a	cavity	inside	the	body,	as	salivary	and	
digestive	glands,	or	to	outside	the	body,	as	the	sweat	glands.

2. Endocrine glands:

	 They	are	ductless	glands,	that	secret	hormones	directly	to	blood.

3. Mixed gland :

	 It	consists	of	an	exocrine	and	an	endocrine	parts	such	as	pancreas.

	 The	human	body	contains	many	endocrine	glands	(Fig.	1)	each	of	which	secrets	one	
or	two	groups	of	hormones.
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الغدد  فى الإنسان:
يوجد فى ج�صم الإن�صان ثلاثة اأنواع من الغدد هى:

 Exocrine Glands 1- الغدد القنوية

ت�صمى ذات الإفراز الخارجى وتحتوى هذه الغدد على الجزء المفرز وقنوات خا�صة بها ت�صب اإفرازاتها اأما 

داخل الج�صم )الغدد اللعابية واله�صمية( اأو خارج الج�صم )الغدد العرقية(.

 Endocrine Glands 2- الغدد الصماء

ت�صمى ذات الإفراز الداخلى، وتمتاز هذه الغدد باأن لي�ص لها قنوات خا�صة بها، بل ت�صب اإفرازاتها مبا�صرة 

فى الدم  وهى م�صئولة     عن افراز الهرمونات مثل الغدة الدرقية والغدد الكظرية.

 Mixed Glands 3- الغدد المشتركة أو المختلطة

تجمع هذه الغدد بين النوعين ال�صابقين وعليه فاإن تركيبها يتكون من جزء غدى قنوى واآخر عبارة عن 

غدة �صماء اأو ل قنوية كالبنكريا�ص.

يحتوى ج�صم الإن�صان على مجموعة من الغدد ال�صماء موزعة فى اأماكن متفرقة من الج�صم 

)�صكل1( ولكل غدة اإفراز خا�ص بها يحوى هرمونا واحدا اأو مجموعة هرمونات ومن اأمثلة الغدد ال�صماء 

فى ج�صم الإن�صان :

�شكل )1( �ضورة لج�ضم الإن�ضان تو�ضح توزيع الغدد

الغدة النخامية

الغدة جار درقية
الغدة الدرقية

الغدة التيمو�سية

)فى الأطفال وال�صغار(

المبي�ض

الخ�سية

الغدة 

البنكريا�سية

Fig. (1)
Distribution of endocrine glands in the human body
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First : Pituitary gland :

It	is	considered	as	the	master	gland	as	it	controls	the	functions	and	secretion	of	most	
of	the	endocrine	glands.	The	gland	is	located	beneath	the	brain	and	in	connection	with	
the	hypothalamus.	The	gland	consists	of	two	parts:

A) Adenohypophysis:

	 It	consists	of	the	anterior	and	middle	lobe.

B) Neurohypophysis:

	 It	consists	of	the	posterior	lobe	and	a	part	of	 the	brain	called	the	infundibulum	(a	
stalk	connecting	the	gland	to	the	brain).
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 Pituitary Gland : أولًا: الغدة النخامية
ال�صماء باأكمله عن طريق  الغدد  الذى يتحكم فى جهاز  الماي�صترو  اأو  الغدد  النخامية �صيدة  الغدة  تعتبر 

بتحت  وتت�صل  المخ  اأ�صفل  الغدة  هذه  وتقع  ال�صماء.  الغدد  بقية  اإفراز  فى  وتوؤثر  تفرزها  التى  الهرمونات 

المهاد )الهيبوثالم�ص( وتتركب الغدة النخامية من جزئين: 

 Adrenohypophysis : أ- الجزء الغدى

ويتكون من الف�ص الأمامى والف�ص الو�ضطى.

 Neurohypophysis : ب- الجزء العصبى

ويتكون من الف�ص الخلفى والجزء من المخ المعروف بالقمع اأو العنق الع�صبية.

انقبا�ض 

الرحم

مبي�ضالثدى

الف�ض الخلفى

تحت المهاد

خ�سية

الغدة 

الدرقية
الغدة 

الكظرية

الثدى )غدد لبنية(

الف�ض الأمامى
ينظم اإدرار البول

FSH+LHTSHACTHGH

�شكل )2( هرمونات الغدة النخامية

Prolactin

Fig. (2) : Pituitary gland and its hormones
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Hormones of the Adenohypophysis (anterior lobe):
1. Growth hormone (G.H.)

It	 controls	 metabolism	 especially	 protein	 synthesis,	 accordingly	 it	 controls	 the	
physical	growth	of	the	body.

Hyposecretion	 of	 this	 hormone	 during	 childhood	 causes	 Dwarfism	 and	 its	
hypersecretion	during	the	same	period	causes	Gigantism.

Hypersecretion	 of	 G.H.	 in	 adults	 causes	Acromegaly	 which	 is	 characterized	 by	
increased	 bone	 growth	 at	 the	 extremities	 and	 characterized	 by	 enlarged	 hands,	 feet,	
fingers	and	bones	of	the	face.

2. Pituitary Trophins

A group of hormones that affect the activity and secretion of other glands and 
includes:

a)	Thyrotrophin	(thyroid	stimulating	hormones)	(T.S.H.).

b)	Adrenocorticotrophic	hormone	(A.C.T.H.)	which	affects	the	function	of	the	adrenal	
(Suprarenal)	cortex.

c)	Gonadotrophic	hormones	 -	Affect	 the	 function	of	gonads	 (ovaries	 in	 females	and	
testes	in	males).

This group includes

1.	Follicle	stimulating	hormone	(F.S.H)	which	affects	the	growth	of	the	ovarian	follicles	
and	formation	of	Graafian	follicles	in	females	and	formation	of	seminiferous	tubules,	
spermatozoa	and	prostate	gland	in	male.

2.	 Lutinizing	 hormone	 (L.H.)	 which	 stimulates	 the	 formation	 of	 corpus	 luteum	 in	
females	and	the	formation	and	secretion	of	interstitial	cells	in	the	testes	of	males.

	 These	two	hormones	are	important	for	sexual	maturity	as	they	are	responsible	for	
secretion	of	male	and	female	sex	hormones.

3.	 Prolactin	:	stimulates	milk	formation	and	secretion	from	mammary	glands	(breasts)	
and	the	secretion	of	the	hormone	progesteron	from	the	corpus	luteum.
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Hormones of the neurohypophysis “Posterior lobe”

	 Two	hormones	are	secreted	from	the	nerve	cells	in	the	hypothalamus	and	reach	the	
neurohypophysis	(posterior	lobe	of	pituitary)	through	the	infundibulum	after	which	
they	are	secreted	to	the	blood	stream.

The two hormones are:

1. Antidiuretic hormone (A.D.H) (Vasopression)

	 This	 hormone	 increases	 the	 reabsorption	 of	 water	 from	 the	 kidney	 tubules	 and	
decreasing	the	volume	of	urine	excreted.	In	addition	it	increases	blood	pressure.

2. Oxytocin 

	 This	hormone	affects	the	uterine	contraction	and	increases	it	during	delivery	(labour).	
Gynacologests	 use	 this	 hormone	 to	 accelerate	 the	 birth	 of	 a	 baby	 by	 stimulating	
strong	contractions	of	uterine	muscles.	In	addition	oxytocin	stimulates	the	release	of	
milk	from	mammary	glands	with	the	begining	of	lactation	(milk	letting	hormone).

Second : The Thyroid Gland

The	gland	lies	in	the	neck	infront	of	and	in	close	contact	with	the	trachea.

The	colour	is	slightly	red.	The	gland	consists	of	two	lobes	connected	together	by	an	
isthmus.	It	is	surrounded	by	connective	tissue.

Functions:

The	 gland	 secrets	 the	 hormone	 thyroxin.	
Iodine	 is	 essential	 for	 the	 formation	 of	 this	
hormone.	 Thyroxin	 has	 many	 effects	 on	
different	parts	of	the	body	as	for	example:

a)	 It	affects	and	stimulates	physical	and	mental	
growth	and	development.

b)	It	affects	the	basal	metabolic	rate.

c)	 It	increases	the	absorption	of	carbohydrates	
(glucose)	from	the	intestine.
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 هرمونات الجزء العصبى:

بالخلايا  وتعرف  بالمخ  المهاد  تحت  منطقة  فى  موجودة  ع�صبية  خلايا  تفرزها  الجزء  هذا  هرمونات 

الع�صبية المفرزة وت�صل هذه الهرمونات اإلى الف�ص الخلفى  وت�صمل الهرمونات التالية:

 Antidiuretic Hormone (ADH( : 1- الهرمون المضاد لإدرار البول

 ي�صمى اأي�صاً الهرمون القاب�ص للاأوعية الدموية  ) .Vasopression H ) ويعمل هذا الهرمون على تقليل 

كمية البول عن طريق اإعادة امت�صا�ص الماء فى النفرون، وكذلك يعمل على رفع �صغط الدم. 

 Oxytocin Hormone : 2- الهرمون المنبه لعضلات الرحم

من  الولدة  اأثناء عملية  ب�صدة  الرحم ويزيدها  تقل�صات  مبا�صرة فى عملية تنظيم  الهرمون علاقة  لهذا 

اجل اإخراج الجنين ، ولهذا غالبا ما ي�صتخدمه الأطباء للاإ�صراع فى عمليات الولدة. كما انه له اأثرا م�صجعا 

فى اندفاع اأو نزول الحليب من الغدد اللبنية ا�صتجابة لعملية الر�صاعة.

 Thyroid Gland ثانيًا: الغدة الدرقية
اإلى  تميل  حوي�صلية  غدة  وهى  الهوائية  للق�صبة  ملا�صقة  الرقبة  من  الأمامى  الجزء  فى  الغدة  هذه  تقع 

اللون الأحمر ومحاطة بغ�صاء من ن�صيج �صام وتتكون من ف�صين بينهما برزخ.

وظيفة الغدة الدرقية:

الهرمون  هذا  ويقوم  الهرمون  هذا  لتكوين  اليود  وجود  من  ولبد  الثيروك�صين  هرمون  الغدة  هذه  تنتج 

عديدة  اأجزاء  على  الموؤثرات  من  بالعديد 

فى الج�صم منها على �صبيل المثال:

اأ- نمو وتطور القوى العقلية والبدنية.

الأ�صا�صى  الإي�����ص  معدل  على  يوؤثر  ب- 

ويتحكم فيه.

الحادية  ال�صكريات  امت�صا�ص  يحفز  ج- 

من القناة اله�صمية.

د- يحافظ على �صلامة الجلد وال�صعر.

ك��م��ا ت���ف���رز ال���غ���دة ال���درق���ي���ة ه��رم��ون 

يعمل  الذى   (Calcitonin( الكال�صيتونين  

على تقليل ن�صبة الكال�صيوم فى الدم ويمنع �صحبة من العظام.

ا

Fig. (3) Thyroid gland �شكل )3( الغدة الدرقية 

Thyroid
gland

Trachea
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d)	It	maintains	healthy	skin	and	hair.

The	gland	secretes	another	hormone	called	calcitonin	which	decreases	the	calcium	
level	in	the	blood	by	decreasing	its	release	from	bones	and	prevents	its	absorption	from	
the	bones.

Goiter:

It	is	the	enlargement	of	the	thyroid	gland	associated	with	abnormal	activities	of	the	
gland.

The diseases of thyroid Gland

The	diseases	are	caused	by	increases	or	decreases	the	secretion	of	thyroxin	hormone.

1. Hypothyroidism

a) Simple goiter:
It	 occurs	 due	 to	 iodine	 deficiency	 in	 food,	water	 and	 air.	The	 treatment	 involves	

administration	 of	 iodine	 supplement	 in	 food.	Hypothyroidism	 is	 the	 decrease	 in	 the	
secretion	of	the	thyroxin	hormone	from	the	gland.

1. Hypothyroidism in children:
It	leads	to	a	condition	called	cretinism.	Cretinism	is	characterized	by	a	retardation	

in	 physical	 and	mental	 growth	 associated	with	 large	 head,	 short	 stature,	 short	 neck,	
permanent	mental	retardation	and	a	delay	in	sexual	maturity.

2. Hypothyroidism in adults:
It	causes	a	condition	called	Myxodema	which	is	characterized	by	dry	skin,	loss	of	

hair,	decreased	mental	and	physical	activity,	weight	gain	and	obesity,	decreased	basic	
metab	 intolerance,	 decreased	 heart	 beats	 and	 rapid	 fatigability.	 The	 treatment	 is	 by	
regular	consultation	of	a	specialist	and	by	administration	of	thyroxin	or	gland	extracts.

Hyperthyroidism
The	diseases	of	it	is	the	enlargement	of	the	thyroid	gland	associated	with	abnormal	

activities	of	the	gland.
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Exophthalmic goiter:

Enlargement	 of	 the	 gland	 with	 protrusion	 of	 the	
eye	 balls.	 It	 results	 from	 hypersecretion	 of	 the	 gland	
(hyperthyroidism).	Hypersecretion	of	thyroxin	leads	to	
increase	 in	food	oxidation	and	metabolic	 rate,	 loss	of	
weight,	increase	in	heart	beats	and	nervous	irritability.	
The	treatment	of		this	case	is	by	either	surgical	removal	
of	a	part	of	the	gland	or	by	the	use	of	other	medications	
to	suppress	the	gland.

Third : Parathyroid glands:

This	gland	consists	of	four	small	separate	lobes,	two	
on	 each	 side	of	 the	 thyroid	gland.	The	gland	 secrets	
a	 hormone	 called	 parathormone.	 The	 hormone	 is	
secreted	when	the	calcium	level	in	the	blood	is	below	
normal.

Parathormone	plays	an	important	role	in	preserving	
the	calcium	level	in	the	blood	to	normal	Hypersecretion	
of	parathormone	(hyperparathyroidism)	leads	to:

a)	 Increase	in	the	calcium	level	in	blood.

b)	As	 most	 of	 the	 calcium	 is	 released	 from	 bone,	 the	 condition	 is	 associated	 with	
increased	bone	resorption	and	the	bones	become	fragile	and	liable	for	bending	and	
fracture.

Hyposecretion of parathormone (hypoparathyroidism) leads to :

a)	Painful	convulsions	and	muscle	spasms	(as	a	result	of	decreased	calcium	in	blood).

b)	Increased	excitability	of	nervous	system.
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 Parathyroid Glands :ثالثاً: الغدد جارات الدرقية
اثنتان  منف�صلة  اأج��زاء  اأرب��ع  من  تتكون  غدة  هى 

على كل جانب من الغدة الدرقية. وتفرز هذه الغدة 

هرمون الباراثورمون Parathormone وكمية هذا 

الكال�صيوم فى  الهرمون الذى يفرز يعتمد على ن�صبة 

ن�صبة  هبوط  مع  كثيرا  الإف���راز  يكون  حيث  ال��دم 

ال��ك��ال�����ص��ي��وم ف��ى ال����دم، وه���رم���ون ال��ب��اراث��ورم��ون 

هاما  دورا  يلعبان  الدرقية  الغدة  من  والكال�صيتونين 

ال��دم  ف��ى  الكال�صيوم  م�صتوى  ع��ل��ى  ال��ح��ف��اظ  ف��ى 

بمعدلته الطبيعية.

الزيادة فى إفراز الهرمون تتسبب فى: 

�صحبه  نتيجة  الدم  فى  الكال�صيوم   ن�صبة  ارتفاع   

من العظام فت�صبح ه�صة وتتعر�ص للانحناء والك�صر ب�صهولة.

نقص الهرمون يسبب:

اأ- نق�ص ن�صبة الكال�صيوم فى الدم.

ب - �صرعة النفعال والغ�صب والثورة لأقل �صبب.

ج�- ت�صنجات ع�صلية موؤلمة.

رابعاً: الغدد الكظرية )فوق الكلوية(

 Adrenal (Suprarenal Glands( 

من  متميزتين  منطقتين  من  تتكون  غدة  وكل  الكليتين  اأحد  فوق  منهما  كل  تقع  كظريتان  غدتان  هناك 

الناحية الت�صريحية والف�صيولوجية، الجزء الخارجى ي�صمى الق�صرة Cortex بينما يعرف الجزء الداخلى 

كما  وهى  النخاع  يفرزها  التى  الهرمونات  عن  تختلف  الق�صرة  تفرزها  التى  والهرمونات   Medulla بالنخاع 

يلى:

1- هرمونات القشرة :

Steroids ويمكن  ال�صترويدات  التى تعرف بمجموعة  الهرمونات  العديد من  الكظرية  الغدد  تفرز ق�صرة 

تق�صيمها اإلى ثلاث مجموعات هى :

�شكل )5( �ضورة تو�ضح الغدد الجار درقية

الغدد 

الجاردرقية

الغدة 

الدرقية

Fig. (5) Parathyroid glands

Parathyroid
glands

Thyroid
gland

Fig. (4) Exophthalmic goiter
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Fourth : The adrenal “suprarenal” glands

They	are	two	glands	each	located	above	one	of	the	two	kidneys.	Each	gland	consists	
anatomically	and	physiologically	of	two	regions,	an	outer	cortex	and	an	inner	medulla.

Hormones of the Cortex:
Three	groups	of	hormones	are	secreted	from	the	cortex.

1. Glucocorticoids:
They	include	cortison	and	corticosterone,	the	main	function	of	them	is	to	regulate	

carbohydrate	“glucose”	metabolism	in	the	body.

2. Mineralocorticoids:
Aldosteronl	is	one	of	this	group	which	plays	an	important	role	in	mineral	metabolism	

and	balance	in	the	body.	This	hormone	increases	reabsorption	of	sodium	and	increases	
the	excretion	of	potassium	from	the	kidney	tublues.

3. Sex hormones:
Although	 the	main	source	of	sex	hormones	are	 the	 testes	 in	male	and	 the	ovaries	

in	 females,	 similar	hormones	are	 also	 secreted	 from	 the	adrenal	 cortex,	 as	male	 sex	
hormone	testosterone	and	the	female	sex	hormones	estrogen	and	progesteron.

Tumorous	 or	 any	 condition	 leads	 to	 the	 unbalance	 secretion	 of	 adrenal	 cortex	
and	 results	 in	 the	 increase	 in	 the	 level	 of	 sex	 hormone	 above	 normal.	 It	 leads	 to	
musculanization	in	female,	femineization	in	male	and	atrophy	of	gonads	in	both	sexes.

Hormones of the medulla:
It	secrets	the	two	hormones	adrenaline	and	noradrenaline	which	are	responsible	for	

the	vital	activities	occurring	in	the	body	when	the	individual	is	subjected	to	emergency	
situations	 as	 in	 fear,	 fight	 and	 excitation	 and	 during	 muscular	 exercise.	 These	 two	
hormones	increase	the	sugar	(glucose)	level	in	the	blood	by	increasing	the	breakdown	
of	the	glycogen	stores	of	liver	into	glucose,	increase	the	rate	and	force	of	contraction	
of	the	heart	and	increases	blood	pressure.	All	these	changes	enable	the	muscles	to	take	
their	 demands	 of	 energy	 needed	 for	 contraction	 and	 increase	 in	 the	 rate	 of	 oxygen	
consumption.
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Fifth : The Pancreas:
It	is	a	mixed	gland	with	exocrine	and	endocrine	secretions.	The	exocrine	secretion	is	

in	the	form	of	pancreatic	juice	secreted	from	pancreatic	acini	through	pancreatic	duct	
into	duodenum	and	also	it	can	secrete	hormones	directly	to	blood	from	groups	of	cells	
called	islets	of	langerhans	which	contain	tow	types	of	cells.

a) Alpha cells :	They	are	small	in	number	and	secrete	a	hormone	called	glucagon.

b) Beta cells: They	represent	the	majority	of	cells	and	secret	a	hormone	called	insulin.

علم الأحياء للصف الثانى الثانوى 3839 علم الأحياء للصف الثانى الثانوى 3839

 .Glucagon وعددها قليل وتفرز هرمون الجلوكاجون Alpha Cells :أ - خلايا ألفا

الن�صولين  هرمون  وتفرز  لنجرهانز  جزر  خلايا  غالبية  وتمثل    Beta Cells بيتا:  خلايا   - ب   

Insulin وكلا الهرمونين لهما علاقة مبا�صرة با�صتخدام ال�صكر فى الج�صم وبالتاإلى المحافظة على م�صتوى 

ثابت من ال�صكر فى الدم والتى تبلغ حواإلى )80 - 120 ملليجرام/ 100�صم3(.

وظيفة هرمون الأنسولين:

يعمل الأن�صولين على خف�ص تركيز �صكر الجلوكوز بالدم وذلك عن طريقين:

ال�صكريات  لمرور  انه �صرورى  المختلفة حيث  الج�صم  واأن�صجة  الجلوكوز فى خلايا  اأك�صدة  الحث على   - اأ 

الأحادية )ماعدا الفركتوز( من خلال غ�صاء الخلية اإلى داخلها حتى يمكن ا�صتخدامه.

ب-  التحكم بالعلاقة بين الجليكوجين المخزن والجلوكوز المنفرد بالدم، فهو ي�صجع تحول الجلوكوز اإلى 

جليكوجين اأو اإلى مواد دهنية تخزن فى الكبد والع�صلات اأو اأن�صجة الج�صم الأخرى.

والذى   Diabetes Mellitus ال�صكرى  البول  بمر�ص  الإ�صابة  اإلى  يوؤدى  الإن�صولين  هرمون  اإفراز  نق�ص   

يتميز بالخلل فى اأي�ص كل من الجلوكوز والدهون بالج�صم.

ولذلك  الطبيعى  المعدل  عن  الدم  فى  الجلوكوز  ن�صبة  ارتفاع  من  يعانى  ال�صكرى  البول  بمر�ص  والمري�ص 

يظهر اأي�صاً فى تحاليل البول. ونتيجة لرتفاع ن�صبة الجلوكوز فى البول الذى ي�صاحبه اإخراج كميات كبيرة 

من الماء، فاإن المري�ص يعانى من ظواهر تعدد التبول والعط�ص.

�شكل )7( البنكريا�س وجزر لانجرهانز

 

 

Fig. (6) Pancreas and islets of langerhans
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The	two	hormones	are	responsible	for	the	regulation	of	glucose	level	in	the	blood	
and	keep	it	constant	at	level	ranging	from	80	-	120	mg/	100	cm3	blood.

Functions of insulin

The	insulin	decreases	the	glucose	level	in	the	blood	through:

a)	 It	stimulates	the	oxidation	and	utilization	of	glucose	b	the	cells	as	it	is	important	for	
transport	of	all	monosaccharides	(except	fructose)	across	the	cell	membrane.

b)	It	 stimulates	 the	 conversion	of	glucose	 to	glycogen	 (to	be	 stored	 in	 the	 liver	 and	
muscles)	or	to	lipids.

Decrease	 in	 the	 secretion	 of	 insulin	 leads	 to	 a	 disease	 called	 Diabetes	Mellitus,	
characterized	by	disturbance	in	the	metabolism	of	carbohydrates	(glucose)	and	lipids.
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The	patient	with	Diabetes	Mellitus	complains	of	increase	glucose	level	in	the	blood	
associated	with	 the	 abnormal	 appearance	and	excretion	of	glucose	 in	urine	with	 the	
excretion	of	a	large	volume	of	water	which	explains	the	symptoms	of	continuous	thirst	
sensation	and	excessive	micturition.

Functions of Glucagon:

It	antagonizes	the	action	of	insulin,	where	it	increases	the	glucose	level	in	the	blood	
through	the	conversion	of	glycogen	to	glucose	(only	in	liver).

Sixth: The sex glands (The gonads):
In	 addition	 to	 the	main	 function	 of	 gonads	 (ovaries	 and	 testes)	 in	 production	 of	

gametes	 (ovaries	 and	 testes)	 in	 production	 of	 gametes	 (ova	 and	 spermatozoa),	 they	
produce	and	secret	a	group	of	sex	hormones	responsible	for	growth	of	genital	organs	
and	the	appearance	of	secondary	sexual	characters.	Sex	hormones	are	steroids.

1. Male sex hormones :

They	are	called	Androgens	and	secreted	by	the	interstitial	cells	of	testes.	Male	sex	
hormones	are	Testosterone	and	androsterone.	They	are	responsible	for	 the	growth	of	
the	 prostate	 gland,	 vesicula	 seminalis	 and	 the	 appearance	 of	male	 secondary	 sexual	
characters.

2. Female sex hormones:

Three hormones are secreted from the ovary:

a) Oestrogen (oestradiol):	It	is	secreted	from	the	graafian	follicle	of	ovary.

	 It	helps	the	appearance	of	female	secondary	sexual	characters	such	as	the	increase	in	
the	size	of	the	breasts	and	regulates	the	menstural	cycle.

b) Progesteron:	It	is	secreted	from	the	corpus	luteum	of	the	ovary	and	placenta	and	it	
is	important	during	pregnancy	as	it	regulates	the	vascularity	of	the	uterine	wall	and	
prepares	 it	 to	 receive	 the	embryo.	 In	addition,	progesterone	 is	 responsible	 for	 the	
changes	taking	place	in	mammary	glands	during	pregnancy.
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c) Relaxin:	 It	 is	 secreted	 from	 the	 corpus	 luteum,	 placenta	 and	 uterus.	 It	 causes	
relaxation	of	the	muscles	of	the	pelvis	at	the	end	of	pregnancy	to	facilitate	the	process	
of	delivery.

Seventh: The gastrointestinal Hormones:
In	addition	to	the	exocrine	function	of	the	mucous	membrane	lining	the	alimentary	

canal,	 it	secrets	also	a	group	of	hormones	which	regulate	and	stimulate	 the	different	
parts	of	alimentary	canal	 to	secret	 the	digestive	 juices.	Examples	of	 these	hormones	
are,	Gastrin	(secreted	from	the	stomach	wall),	Secretin	and	Cholecystokinin	which	are	
secreted	from	the	intestinal	wall.
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Questions

1. Give reasons :

	Gigantism	in	children.

	 The	pituitary	gland	is	the	master	gland.

	Milk	secretion	from	mammary	gland	of	a	lactating	female.

	Uterine	contractions	during	delivery.

	 Some	individuals	have	exophathalamic	goiter.

	 Increased	secretion	of	parathyroid	hormones	leads	to	fragile	bones	liable	to	fracture.

	Muscularization	of	female.

	Adrenaline	secretion	prepares	the	body	for	emergency	situation,	excitation	and	anger.

	 Pancreas	is	a	mixed	gland.

	 The	sense	of	thirst	in	diabetic	patients.

	 Some	diabetic	patients	may	go	into	coma.

	Nervous	regulation	is	faster	than	hormonal	regulation.

	 Extract	of	posterior	lobe	of	pituitary	gland	of	cows	during	some	cases	of	delivery.

2. Choose the correct answer :

1. The gland which stimulates the mammary gland to secret milk after delivery is:
	 a)	Ovary.	 	 	 	 b)	Adrenal.
	 c)	Parathyroid.	 	 	 d)	Pituitary.

2. The adrenaline:
	 a)	Stimulates	the	body	to	perform	activities	needed	during	emergency.
	 b)	Stimulates	the	liver	to	convert	glucose	to	glycogen.
	 c)	Is	responsible	for	the	appearance	of	secondary	sexual	characters.
	 d)	Increases	the	resistance	of	body	to	infection	and	microbe.
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3. Exophthalmic goiter is due to the increase in the hormone:
	 a)	Thyroxin.	 	 	 	 b)	Growth	hormone.

	 c)	Cortisone.	 	 	 	 d)	Parathormone.

3. What is the role of each of the following scientists in the discovery of hormones.

	 Cloud	-	Starling	Bernard

4. Enlargement of the thyroid gland leads to pathological features which differ 
according to the type of activity of the gland during this enlargement. Discuss 
this statement with reference to:

	 a)	The	site	of	thyroid	gland	in	human	body.

	 b)	The	function	of	the	thyroid	gland.

	 c)	Effect	of	hyper	and	hyposecretion	of	the	gland	on	the	body.

5. What are the characteristics of hormones?

6. The pituitary gland consists of adenohypohysis and neurohypophysis. What 
are the hormones of each part and their importance for man?

7. Compare between Insulin and Glucagon.





  

 
 

At the end of this chapter the student should be able to :
 Recognize the concept of reproduction and its importance.
 Discover the capacities of reproduction among organisms.
 Recognize the asexual and sexual reproduction among organisms.
 Recognize the life cycle of plasmodium which causes the malaria disease.
 Compare between asexual and sexual reproduction.
 Recognize how the seeds and fruits are formed.
 Recognize the male and female genital systems in human beings.
 Recognize the stages of the spermatogenesis and oogenesis in human.
 Recognize the menstrual cycle in woman and the role of hormone regulation.
 Recognize how the embryo survives inside the uterus and the stages of its 

formation and development.
 Discover how the twins phenomenon occurs and its types.
 Recognize the means of contraceptive.
 Compare between the embryonic culture and renucleation.
 Recognize the method of extra - uterine fertilization (test tube baby).
 Appreciate the efforts of scientists in the technological progress of the 

reproduction process.
 Appreciate the capability of the Great Creator in 

reproduction of generations to continue life on 
Earth.

Chapter Three

Reproduction in the
Living Organism
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All living organisms depend on various sources for supplying them with energy that 
is necessary for their life. However, they stay living on this Earth for a limited period 
which eventually ends by death. So they should perform the functions of nutrition, 
respiration, excretion and sensation in order to succeed in staying alive even shortly on 
Earth. What about the function of reproduction?

Importance of reproduction to organisms
Any non breeding organism can maintain life naturally. Moreover, the removal 

of genital organs from some organisms did not affect their normal life. Hence the 
reproductive function is less important to the individual's life than the above mentioned 
functions. If any of these functions was impeded, the individual perishes immediately. 
Accordingly, reproduction depends on all the other functions and not the reverse. 
However, it is the function that assures the continuity of species on Earth after death 
of individuals. If it is impeded at the population level, extinction of the species occurs.

All the organisms start live acting to secure their existence as individuals. They 
save the necessary energy for growth up to certain stage. The they begin acting for 
maintenance of species through reproduction, to which most of their energy and 
behaviour become directed.

The reproductive capacities among organisms
The reproductive capacities differ among organisms due to the various ambient, 

prevalent hard ships, life nature, their duration ages and their sizes... etc.

- So aquatic organisms produce much more progeny than their land relatives.

- Also parasits produce much more progeny than organisms in order to compensate 
their loss.

- Similarly, the production of primitive or short - aged organisms progeny is much more 
than higher or long - aged ones since the production of the latter is less endangered, 
due to the provided care and protection.

Consequently, the species and individuals seen around at present, express the 
success of their ancestors in reproduction and in overcoming the hardships they faced 
throughout their consecutive generations. Conversely, many of the extinct forms had 
failed to continue uptill now, from these we recall the Dinosaurs and other giant reptiles 
that did not continue in reproduction, and so became in the record of geological history. 
Similar fossil forms are known in the animal and plant kingdoms.

40
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Methods of reproduction
in living organisms

Living organisms reproduce by many ways and modes in order for their species to 
continue.

These modes can be grouped into 2 main methods:

First: Asexual Reproduction
This comprises a mere isolation of a body part either a spore cell or many cells or 

tissues and their growth into a new organism that fully resembles the original from 
which the above part has been isolated. So the features of the following generations 
remain the same, even if the surrounding conditions change.

At any change in the environment, most of the offsprings become exposed to 
destruction unless their parents had been adapted for that change. This kind of 
reproduction is common in the plant kingdom but is limited to some primitive forms of 
the animal kingdom.

- This reproduction depends on mitotic division of cells, where cells resulting from 
this division receive a complete copy (2N) of original chromosomes.

Types of asexual reproduction
Asexual reproduction in living organisms is taken place in various types. The most 

important are the following:

1. Binary Fission:
In which the nucleus divides by 

mitosis, then the cell that represents a 
unicellular organism divides into 2 cells, 
each become a new individual. Many 
protozoa such as Amoeba (Fig. 1) and 
Paramecium as well as simple Algae and 
Bacteria reproduce by this type under 
suitable conditions.

علم الأحياء للثانوية العامة 46

طرق التكاثر فى الكائنات الحية
فى  الأ�صاليب  تلك  تجميع  ويمكن   . اأنواعها  ت�صتمر  لكى  وا�صاليب  �صبل  بعدة  الحية  الكائنات  تتكاثر 

طريقتين اأ�صا�صيتين : 

 ) Asexual Reproduction ( : اولا : التكاثر اللاجنسى
ان�صجة  او  خلايا  جملة  او   ، واحدة  جرثومية  خلية  كان  �صواء  الج�صم  من  جزء  انف�صال  مجرد  يت�صمن 

بهذه  الناتجة  الأجيال  �صفات  فت�صتمر  تماما   عنه  انف�صلت  التى  الأ�صل  ي�صبه  جديد  فرد  الى  ونموها 

الناتج  الن�صل  معظم  تعر�ض  البيئة  تلك  فى  تغيير  حدث  ..ف��اإذا  حولها  البيئة  تغيرت  وان  حتى  الطريقة 

يقت�صر  لكنه  النبات  عالم  فى  �صائع  التكاثر  وهذا   . التغيير  ذلك  على  تاأقلمت  قد  اأباوؤها  تكن  لم  ما  للهلاك 

على بع�ض الأنواع البدائية فى عالم الحيوان .

ال�صبغيات فى خلايا  الحى حيث يكون عدد  الكائن  الميتوزى لخلايا  الأنق�صام  التكاثر على  - يعتمد هذا   

الأفراد الجديدة هو نف�ض عدد ال�صبغيات فى خلايا الكائن الأ�صلى .

صور التكاثر اللاجنسى :

يتم التكاثر اللاجن�صى فى عالم الأحياء فى عدة �صور من اهمها ما يلى :

    Binary Fission  -: 1- الأنشطار الثنائى

وفيه تنق�صم النواة ميتوزيا ، ثم تن�صطر الخلية التى تمثل ج�صم الكائن الحى الى خليتين ي�صبح كل منهما 

والبرامي�صيوم   )  4 �صكل   ( كالأميبا  الحيوانية  الأوليات  من  كثير  ال�صورة  بهذة  وتتكاثر  جديدا''  ف��ردا 

بالإ�صافة الى الطحالب الب�صيطة والبكتريا ويتم ذلك فى الظروف المنا�صبة .

اأما فى الظروف غير المنا�صبة - فاإن الأميبا تفرز حول ج�صمها غلافا كيتينيا للحماية . وعادة ما تنق�صم 

بداخله عدة مرات بالإن�صطار الثنائى المتكرر لتنتج العديد من الأميبات ال�صغيرة التى تتحرر من الحو�صلة 

فور تح�صن الظروف المحيطة .

Fig. (1) Binary fission in Amoeba�شكل )4( الن�شطار الثنائي في الأميبا 
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On advent of unsuitable conditions, Amoeba secretes a chitinous coat around its body 
for protection. However, it usually divides within that coat several times by repeated 
binary fission. This leads to numerous young Amoebae that liberate from the cyst upon 
improvement of the surrounding conditions.

2. Budding

Some unicellular organisms as well as some multicellular ones reproduce by budding. 
In unicellular organisms as yeast fungus, the bud arises as a lateral projection from 
the original cell while the nucleus divides, 
mitotically into 2 nuclei. One of them remains 
in the mother cell while, the other moves 
towards the bud. It grows gradually and may 
remains connected with the mother cell till 
its full growth. Then it separates or continues 
in connection with the mother cell forming 
cellular colonies with other growing buds 
(Fig. 2).

In multicellular forms such as sponges and Hydra, 
the cud grows as a cellular protrusion from one side 
of the body due to division of interstitial cells and 
their differentiation to a bud. This grows gradually 
to resemble the mother entirely (Fig. 3). It usually 
separates to start its independent live. It is to be 
mentioned that sponges and Hydra reproduce also 
sexually besides their capacity for regeneration.

3. Regeneration

This method is common in many plants and some animals such as Sponges and 
Hydra as well as some Worms and Sea Star (starfish). They are able to regenerate the 
lost parts of their bodies due to an accident or rupture. If the body of some animals is 
cut into several parts, each part can grow to a new individual. However, the capacity 

47مطابع روز اليوسف

 )Budding(  : 2- التبرعم

تتكاثر بع�ض الكائنات وحيدة الخلية ، وبع�ض متعددة الخلايا 

بالتبرعم . ففى الكائنات وحيدة الخلية كالخميرة ين�صاأ البرعم 

ميتوزياً  النواة  تنق�صم  ثم   ، الأ�صلية  الخلية  على  جانبى  كبروز 

نحو  الثانية  وتهاجر  الأم  خلية  فى  اإحداهما  تبقى  نواتين  اإلى 

البرعم الذى ينمو تدريجيا والذى قد يبقى مت�صلا بخلية الأم حتى 

يكتمل نموه فينف�صل عنها . اأو ي�صتمر فى ات�صاله بها مكونا مع غيره 

من البراعم النامية م�صتعمرات خلوية ) �صكل 5 (

 اأما فى الكائنات متعددة الخلايا كاأل�صفنج والهيدرا فينمو البرعم 

على �صكل بروز �صغير من احد جوانب الج�صم بفعل انق�صام الخلايا 

البينية وتميزها الى برعم ينمو تدريجيا لي�صبه الأم تماما ) �صكل 

الأ�صفنج  ان  ويذكر  م�صتقلا   حياته  ليبداأ  عنه  ينف�صل  ثم   ،)6

والهيدرا يتكاثران جن�صيا اي�صا الى جانب قدرتهما على التجدد.

 Regeneration : 3- التجدد

ونجم  الديدان  وبع�ض  والهيدرا  كالأ�صفنج  الحيوانات  وبع�ض  النباتات  من  كثير  فى  الطريقة  هذه  ت�صيع 

اأج�صامها عند تعر�صها لحادث او تمزق . وفى  التى تملك القدرة على تجديد الأجزاء المفقودة من  البحر 

بع�ض الحيوانات  عندما يقطع الج�صم الى عدة اأجزاء فاإن كلا منها ينمو الى فرد جديد. . ولكن القدرة على 

التجدد تقل برقى الحيوان، حيث يقت�صر فى بع�ض الق�صريات والبرمائيات على ا�صتعا�صة الأجزاء المبتورة 

فقط ، اأما فى الفقاريات العليا فلا يتجاوز التجدد فيها عملية التئام الجروح ، وخا�صة اإذا كانت محدودة فى 

الجلد والأوعية الدموية والع�صلات.

 ) العذب  الماء  المنت�صرة فى  المفلطحة  الديدان  البلاناريا )من  المثيرة قدرة دودة  التجدد  ومن مظاهر 

على التجدد - حتى لو قطعت لعدة اجزاء على م�صتوى عر�صى او لجزءين طوليا - فاإن كل جزء ينمو الى 

فرد م�صتقل )�صكل 7( .

فرد  الى  جزء  كل  وينمو  عر�صى  م�صتوى  فى  اجزاء  لعدة  قطعت  اذا  تتجدد  اأن  فيمكنها  الهيدرا   فى  اما   

م�صتقل 

�شكل )5( التبرعم فى فطر الخميرة

�شكل )6( التبرعم في الهيدرا
Fig. (3) Budding in Hydra
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 )Budding(  : 2- التبرعم

تتكاثر بع�ض الكائنات وحيدة الخلية ، وبع�ض متعددة الخلايا 

بالتبرعم . ففى الكائنات وحيدة الخلية كالخميرة ين�صاأ البرعم 

ميتوزياً  النواة  تنق�صم  ثم   ، الأ�صلية  الخلية  على  جانبى  كبروز 

نحو  الثانية  وتهاجر  الأم  خلية  فى  اإحداهما  تبقى  نواتين  اإلى 

البرعم الذى ينمو تدريجيا والذى قد يبقى مت�صلا بخلية الأم حتى 

يكتمل نموه فينف�صل عنها . اأو ي�صتمر فى ات�صاله بها مكونا مع غيره 

من البراعم النامية م�صتعمرات خلوية ) �صكل 5 (

 اأما فى الكائنات متعددة الخلايا كاأل�صفنج والهيدرا فينمو البرعم 

على �صكل بروز �صغير من احد جوانب الج�صم بفعل انق�صام الخلايا 

البينية وتميزها الى برعم ينمو تدريجيا لي�صبه الأم تماما ) �صكل 

الأ�صفنج  ان  ويذكر  م�صتقلا   حياته  ليبداأ  عنه  ينف�صل  ثم   ،)6

والهيدرا يتكاثران جن�صيا اي�صا الى جانب قدرتهما على التجدد.

 Regeneration : 3- التجدد

ونجم  الديدان  وبع�ض  والهيدرا  كالأ�صفنج  الحيوانات  وبع�ض  النباتات  من  كثير  فى  الطريقة  هذه  ت�صيع 

اأج�صامها عند تعر�صها لحادث او تمزق . وفى  التى تملك القدرة على تجديد الأجزاء المفقودة من  البحر 

بع�ض الحيوانات  عندما يقطع الج�صم الى عدة اأجزاء فاإن كلا منها ينمو الى فرد جديد. . ولكن القدرة على 

التجدد تقل برقى الحيوان، حيث يقت�صر فى بع�ض الق�صريات والبرمائيات على ا�صتعا�صة الأجزاء المبتورة 

فقط ، اأما فى الفقاريات العليا فلا يتجاوز التجدد فيها عملية التئام الجروح ، وخا�صة اإذا كانت محدودة فى 

الجلد والأوعية الدموية والع�صلات.

 ) العذب  الماء  المنت�صرة فى  المفلطحة  الديدان  البلاناريا )من  المثيرة قدرة دودة  التجدد  ومن مظاهر 

على التجدد - حتى لو قطعت لعدة اجزاء على م�صتوى عر�صى او لجزءين طوليا - فاإن كل جزء ينمو الى 

فرد م�صتقل )�صكل 7( .

فرد  الى  جزء  كل  وينمو  عر�صى  م�صتوى  فى  اجزاء  لعدة  قطعت  اذا  تتجدد  اأن  فيمكنها  الهيدرا   فى  اما   

م�صتقل 

�شكل )5( التبرعم فى فطر الخميرة

�شكل )6( التبرعم في الهيدرا

Fig. (2) Budding in Yeast
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for regeneration decreases in higher animals. In some crustaceans and amphibians it 
is limited to restoration of the cut parts only. In higher vertebrates regeneration never 
exceeds healing of wounds especially those located in skin, blood vessels and muscles.

Of the most exciting phenomenon, is the ability of Planaria (a common fresh water 
flat worm) to regenerate even if cut into several transverse pieces or 2 longitudinal 
parts. Each will grow into a new individual (Fig. 4).
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ال��ذى   )8 )�صكل  البحر  نجم  وف��ى 

ي�صتطيع  )اإذ  اللوؤلوؤ  محار  على  يتغذى 

اأن يفتر�ض حوالى ع�صر  النجم الواحد 

محارات يوميا'' بما قد تحمله من لوؤلوؤ 

بين ثناياها( لهذا كان القائم����ون على 

اللوؤلوؤ  م��زارع  فى  المحار  ذل��ك  رعاية 

يجمعون نجوم البحر ويمزقونه ويلقون 

به فى البحر للتخل�ض منه تماماً فكانوا 

 - ق�صد  دون  اإكثاره  على  يعملون  بذلك 

اإلى نجم بحر كامل فى فترة  اأن يتجدد  الو�صطى يمكن  البحر مع قطعة من قر�صة  اأذرع نجم  اأحد  اإن  حيث 

وجيزة  

 Sporogony : 4- التكاثر بالجراثيم

الى  مبا�صرة  للنمو  متحورة  بالجراثيم  تعرف  وحيدة  خلايا  بوا�صطة  البدائية  النباتات  بع�ض  تتكاثر 

نباتات كاملة . وتتكون الجرثومة من �صيتوبلازم به كمية �صئيلة من الماء ونواة وجدار �صميك، فاذا ن�صجت 

الجرثومة تحررت من النبات الأم لتنت�صر فى الهواء . وبو�صولها الى و�صط ملائم للنمو تمت�ض الماء وتت�صقق 

جدرها وتنق�صم عدة مرات ميتوزيا حتى تنمو الى فرد جديد 

�شكل )7( - التجدد فى البلاناريا 

�شكل )8( - نجم البحر

Fig. (4) Regeneration in Planaria

Similarly, the Hydra is able to regenerate if it is cut into several transverse pieces. 
Each part will grow into a new individual.

Also, the Sea Star (Fig. 5) feeds on the pearl 
mussels. (since it can devour about 10 of these 
mussels daily including the pearl).

Therefore, breeders of those mussels in 
pearl farms were collecting sea stars, tearing 
them up to pieces and then throw them back 
into the sea.

Though they tried to get rid of them they 
were unintentionally helping their reproduction.

One of the star's arms with a piece of its central disc can regenerate to a full star 
within a short time.

4. Sporogony
Some primitive plants reproduce by means of single cells called spores that are 

adapted for direct growth into complete plants. A spore is formed of a cytoplasm with 
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ال��ذى   )8 )�صكل  البحر  نجم  وف��ى 

ي�صتطيع  )اإذ  اللوؤلوؤ  محار  على  يتغذى 

اأن يفتر�ض حوالى ع�صر  النجم الواحد 

محارات يوميا'' بما قد تحمله من لوؤلوؤ 

بين ثناياها( لهذا كان القائم����ون على 

اللوؤلوؤ  م��زارع  فى  المحار  ذل��ك  رعاية 

يجمعون نجوم البحر ويمزقونه ويلقون 

به فى البحر للتخل�ض منه تماماً فكانوا 

 - ق�صد  دون  اإكثاره  على  يعملون  بذلك 

اإلى نجم بحر كامل فى فترة  اأن يتجدد  الو�صطى يمكن  البحر مع قطعة من قر�صة  اأذرع نجم  اأحد  اإن  حيث 

وجيزة  

 Sporogony : 4- التكاثر بالجراثيم

الى  مبا�صرة  للنمو  متحورة  بالجراثيم  تعرف  وحيدة  خلايا  بوا�صطة  البدائية  النباتات  بع�ض  تتكاثر 

نباتات كاملة . وتتكون الجرثومة من �صيتوبلازم به كمية �صئيلة من الماء ونواة وجدار �صميك، فاذا ن�صجت 

الجرثومة تحررت من النبات الأم لتنت�صر فى الهواء . وبو�صولها الى و�صط ملائم للنمو تمت�ض الماء وتت�صقق 

جدرها وتنق�صم عدة مرات ميتوزيا حتى تنمو الى فرد جديد 

�شكل )7( - التجدد فى البلاناريا 

Fig. (5) The star fish�شكل )8( - نجم البحر
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little amount of water, a nucleus and a  thick coat. When the spore matures, it liberates 
from the mother plant to be disseminated into air. Upon reaching to a suitable medium 
for growth, its coat ruptures while it absorbs water and divides several times by mitosis 
and grows to a new individual. Many fungi such as Bread mould (Fig. 6), Mushroom 
(Fig. 7) and some Algae and Ferns reproduce by sporogony.

Reproduction by spores has several advantages such as quick propagation, tolerance 
to hard conaitions and aistribution to distailt regions.
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9( وفطر عي�ض  ، كثير من الفطريات مثل فطر عفن الخبز ) �صكل  ومن الكائنات التى تتكاثر بالجراثيم 

الظروف  وتحمل  الأنتاج  ب�صرعة  التكاثر  هذا  ويمتاز  وال�صراخ�ض،  الطحالب  وبع�ض   )10 )�صكل  الغراب 

القا�صية والأنت�صار لم�صافات بعيدة .

Parthenogenesis : 5- التوالد البكرى

 ، الذكرى  الم�صيج  اإخ�صاب من  لتكوين فرد جديد بدون  النمو  البوي�صة على  البكرى بقدرة  التوالد  يعرف 

التكاثر  ويتم  فقط،  واحد  اب  من  الأبناء  اإنتاج  يتم  حيث   ، اللاجن�صى  التكاثر  من  خا�صا  نوعا  ذلك  ويعد 

ينمو  بي�صا  الملكة  تنتج  حيث   ، الع�صل  نحل  وا�صهرها  والح�صرات  والق�صريات  الديدان  من  عدد  فى  البكرى 

بدون اإخ�صاب لتكوين ذكور النحل ، وبي�صا ينمو بعد الأخ�صاب لتكوين الملكة وال�صغالت ح�صب نوع الغذاء 

المجموعة  ثنائية  وال�صغالت  الملكة  وتكون  )ن(  ال�صبغية  المجموعة  احادية  الذكور  فتكون   . ذلك  بعد 

افراد  الى  فتنمو  ميتوزى  انق�صام  من  البوي�صات  تتكون  البكرى،  التوالد  من  حالت  فى  لكن  )2ن(  ال�صبغية 

ثنائية المجموعة ال�صبغية )2ن( كما فى ح�صرة المن .

او  حرارية  ل�صدمة  تعري�صها  بوا�صطة  �صناعيا  وال�صفدعة  البحر  نجم  بوي�صات  تن�صيط  اأمكن  وقد 

، مكونة  اإخ�صاب  او الوخز بالأبر فتت�صاعف �صبغياتها بدون  للرج  او  او لبع�ض الأملاح  كهربائية اوللاأ�صعاع 

اأفرادا'' ت�صبه الأم تماما ، كما تكونت اأجنه مبكرة من بوي�صات الأرانب باأ�صتخدام من�صطات مماثلة.

�شكل )10(  التكاثر بالجراثيم فى �شكل )9(  التكاثر بالجراثيم فى عفن الخبز 

عي�ش الغراب

 

Fig. (7)
Reproduction by sporogony in Bread Mould

Fig. (6) Reproduction by
sporogony in mushroom
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5. Parthenogenesis
This is the ability of the egg to develop to a new individual without being fertilized 

by a male gamete. It can be considered a special kind of asexual reproduction since, the 
progeny comes only from the mother.

Parthenogenesis occurs in a number of worms, crustaceans and insects. Honey bee is a 
known example, where the queen produces some eggs that develop without fertilization 
forming drones and some others that develop after fertilization to queen and workers, 
according to the type of food provided later on, Drones are haploid (N), the queen and 
workers are diploid (2N). In some other cases, the eggs may also result from a mitotic 
division where it develops to a diploid (2N) individuals from the beginning as was 
found in the aphid insect.

Parthenogenesis has been induced artificially by egg activation (e.g frog and sea 
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star) through its exposure to heat or electric shock irradiation, some salts agitation or 
pricking with a needle. These stimuli lead to duplication of their chromosomes and so 
develop without fertilization to individuals that are totally identical with the mother. By 
similar stimuli, early embryonic stages of rabbits were obtained from their eggs.

6. Tissue culture
Scientists carry out experiments of tissue culture on plants and animals. They grow 

their tissues in a seminatural nutrient medium and follow their differentiation and 
progress till a full organism is obtained. In an exciting experiment, a scientist separated 
small pieces of carro plant into conical flasks containing coconut milk, which comprises 
the whole plant hormones and nutrient elements. They began to grow and develop into 
a full carrot plant (Fig. 8).
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 Tissue Culture : 6- زراعة الأنسجة

ثم  طبيعى،  �صبه  غذائى  و�صط  فى  واإنمائها  والحيوانية  النباتية  الأن�صجة  زراعة  بدرا�صة  العلماء  يقوم 

متابعة تميز اإن�صجتها وتقدمها نحو انتاج  افراد كاملة . وفى تجربة مثيرة ف�صل اأحد العلماء اأجزاء �صغيرة 

النباتية  الهرمونات  جميع  على  يحتوى  الذى   - الهند  جوز  لبن  تحتوى  زجاجية  انابيب  فى  الجزر  نبات  من 

الى نبات جزر كامل ) �صكل 11(. وبعد ذلك ف�صل  النمو والتمايز  ، فبداأت الأجزاء فى  الغذائية  والعنا�صر 

خلايا منفردة من نف�ض ان�صجة النبات وزرعها بنف�ض الطريقة ليح�صل منها بالمثل على النبات الكامل . كما 

اأمكن الح�صول على نبات طباق كامل بعد ف�صل خلايا من اوراق الطباق وزراعتها بنف�ض الطريقة.

وقد اأكدت هذه التجارب ان الخلية النباتية المحتوية على المعلومات الوراثية الكاملة يمكنها اأن ت�صبح 

هذه  وت�صتغل  معينة  بن�صب  النباتية  الهرمونات  على  يحتوى  منا�صب  غذائى  و�صط  فى  زرعت  لو  كاملا  نباتا 

حفظ  اأمكن  كما   ، للاأمرا�ض  مقاومة  اأكثر  او  ممتازة  �صلالت  ذات  او  نادرة  نباتات  اإكثار  فى  حالياً  الطرق 

لحين  حيويتها  على  الإبقاء  مع  طويلة  لمدة  لتبريدها  �صائل  نيتروجين  فى  للزراعة  المختارة  الأن�صجة 

لنمو  ال��لازم  الوقت  واخت�صار  الغذاء  م�صاكل  لحل  التقنيات  هذه  تقدم  على  اأم��ال  العلماء  .ويعلق  زراعتها 

المحا�صيل المنتجة باأكثارها بنف�ض الطريقة.

�شكل )11(  زراعة الأن�شجة فى نبات الجزر
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Fig. (8) Tissue culture in carrot plant
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Later, he separated some cells from the same plant and cultivated them by the same 
method and obtained a whole plant.

Similarly, a tobacco plant was obtained from isolated cells of tobacco leaves that has 
been treated by the same method.

These experiments confirmed that any somatic cell in the plant comprises the whole 
genetic information.
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The latter can be translated to a whole developed organism if cultivated in a proper 
nutrient medium containing plant hormoneswith certain ratio.

These methods are now applied in propagating rare plants or of desirable strains or of 
more resistance to diseases. Selected tissues for such culture can be preserved in liquid 
nitrogen for a long period while remaining alive till cultivation. Hence scientists foresee 
hopes on the progress of these techniques nearly in order to solve food problems and to 
shorten the time needed for growing desirable crops.

Second : Sexual Reproduction:
Sexual Reproduction necessitates the presence of two individuals, male and female for 

the production of sexual gametes. Gametes should meet for fusion during fertilization. 
At mating a male gamete meets with the proper female gamete and fuse to form the 
zygote. Zygote then divides and grows to the embryo then to the young and the adult 
that combines parents features. So the young receives from both parents even a minute 
part of their nuclear substance and thus becomes a blend from both. Conversely, the 
young in asexual reproduction receives nuclear substance from only one parent and so 
becomes a copy from it.

However sexual reproduction, needs more time and energy-consuming than asexual 
reproduction, since it occurs after elapse of certain age and preparation. In some cases, 
the parents should prepare the proper nest or burrow before mating. They may alternate 
in guarding the eggs and protection of the youngs till they grow larger. Some forms 
even face more hardships in order to protect their young, as they keep their embryos 
within their bodies till birth. These youngs may remain with their parents in a social 
life for more protection and learning more about their behaviour. Besides, production 
of new individuals is limited here to half of number of organisms i.e. females only but 
not the males. In asexual reproduction, all the individuals multiply. In spite of all the 
previous, sexual reproduction provides the descendants with continuous innovations in 
their genetic content that enable them to continue in the face of environmental variation.

The sexual reproduction depends on meiotic division, when forming gametes, the 
number of chromosomes is reduced to its half so, cells resulting from this division are 
haploid cells (N). During fertilization the male gamete fuses with the female gamete so 
the original number of chromosomes becomes (2N), which differs according to the kind 
of living organism. 
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Types of Sexual Reproduction

Sexual reproduction occurs by 2 main methods:

1. Conjugation
In primitive organisms such as some Protozoa, Algae and Fungi, reproduction occurs 

by mitosis at suitable conditions, but they turn to sexual reproduction by conjugation if 
subjected to drought or a change in water temperature or purity.

Conjugation in Spirogyra
Spirogyra is common in the green scum of standing water where its filaments float, 

each filament is formed of one row of cells. This fungus turns to conjugation on advent 
of unsuitable conditions. They are two types:

a) Scalariform conjugation:
- When two filaments contact each other, a protrusion grows inwards between opposite 

pairs of cells, then walls in-between disappear forming a conjugation tube.

- The protoplasm of each cell of one filament rolls up into a sphere and moves across 
the above tube to cell of the opposite filament forming a zygote. (Fig. 9).

Fig. (9) Scalariform Conjugation in Spirogyra
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Zygote becomes coated by a thick wall that protects it along unsuitable conditions and 
is then called "zygospore". The latter remains dormant till the surrounding conditions 
improve then it germinates to a new filament.

b) Lateral conjugation:

- This conjugation occurs between the adjacent cells of the same filament. The 
protoplasm of one cell moves to the adjacent cell through an opening  in the wall in 
between them.
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اللاقحة  تتكون  القتران  وبعد  )ن(  ال�صبغيات  فردية  خلاياه  الطحلب  خيط  اأن  اإلى  الإ�صارة  وتجدر   -  

الطحلب  اإنبات خيط  ميوزيا قبل  تنق�صم  التى  )2ن( 

الجديد فتعود لخلاياه ال�صفة الفردية ثانية .

2- التكاثر بالأمشاج الجنسية : 

تتكاثر الأحياء النباتية والحيوانية المتقدمة بالأم�صاج الجن�صية الذكرية والأنثوية وهما ناتجان عن 

انق�صام ميوزى يتم في المنا�صل ) الأع�صاء الجن�صية (

 - تتميز الأم�صاج الذكرية بالقدرة على الحركة ، فيكون بناوؤها معداً لذلك حيث تفقد معظم 

�صيتوبلازمها وي�صتدق الج�صم ويتزود ب�صوط اأو ذيل للحركة لكى يوؤدى وظيفته وهى نقل المادة الوراثية 

اإلى الم�صيج الأنثوى فى عملية الإخ�صاب وعلى ذلك تنتج من كل خلية اأولية اأربعة اأم�صاج ذكرية اأى تنتج 

باأعداد كبيرة نظراً لحتمال فقد بع�صها خلال رحلتها اإلى الم�صيج الأنثوي .

يتم  حتى  الأنثى  ج�صم  فى  عادة  �صاكنة  تبقى  فاأنها   ، المبي�ض  في  تتكون  التى  الأنثوية  الأم�صاج  اأما    

الإخ�صاب ، لذا تكون م�صتديرة وغنية بالغذاء غالبا'' وتنتج باأعداد قليلة .

العظمية  كالأ�صماك  المائية  الحيوانات  في  كما   ، الماء  عبر  الأنثوية  اإلى  الذكرية  الأم�صاج  تنتقل  وقد 

يتم  وبالتالى  خارجيا  التلقيح  ليتم  الماء  في  معا  باأم�صاجهما  والأنثى  الذكر  من  كل  يلقى  حيث   ، وال�صفادع 

الإخ�صاب وتكوين الجنين في الماء . اأما في الحيوانات التى تعي�ض على الياب�صة فيتم التلقيح داخليا . حيث 

فاإن  ذلك  وعلى  الإخ�صاب  يتم  لكي  الأنثى  ج�صم  بداخل  البوي�صات  اإلى  المنوية  الحيوانات  اإدخال  يتعين 

ازدواج  ت�صتعيد  التى   ، اللاقحة  لتكوين  الأنثوى  الم�صيج  بنواة  الذكرى  الم�صيج  نواة  اإندماج  هو  الإخ�صاب 

ال�صبغيات )2ن( وتم�صى نحو تكوين الجنين بالنق�صام الميتوزى.

 Alternation of generations ثالثاً : تعاقب الأجيال
هناك بع�ض الأنواع النباتية والحيوانية لها القدرة على التكاثر بالطريقتين اللاجن�صية والجن�صية حيث 

يتعاقب فى دورة حياتها جيل يتكاثر جن�صياً مع جيل اأو اأكثر يتكاثر ل جن�صيا'' ، فيجنى مميزاتهما معا'' في 

تحقيق �صرعة التكاثر والتنوع الوراثي بما يمكنه من النت�صار وم�صايرة تقلبات البيئة وقد يتبع ذلك تباين 

في المحتوى ال�صبغى لخلايا تلك الأجيال .

وتت�صح هذه الظاهرة في الأمثلة التالية :-

�للاقحة )2ن(

زيجوت

)�شكل 13( القتران الجانبى

Fig. (10) Lateral corjugation in Spirogyra

Zygote
(2N)

- It is to be mentioned that cells of the algae filament are haploid (N), and after 
conjugation, the zygote (2N) is formed.

- This divides by meiosis before germination of the new filament, leading to haploidy 
of the algae cells.

2. Reproduction by sexual gametes:
Higher plants and animals reproduce by means of sexual gametes that are differentiated 

into 2 kinds: male and female gametes. Both are derived from meiosis that takes place 
in gonads.

The male gametes are characterized by their ability to locomotion. Thus, they are 
adapted for that function and so lose most of its cytoplasm. The body becomes pointed 
and provided with a locomotory tail or flagellum to help transport the genetic material 
to the female gamete during fertilization. Since some of them are subjected to loss 
during the above process, 4 male gametes are produced from each original cell.

Female gametes that are formed in the ovary usually remain stationary within female 
body till fertilization. So they are spherical, almost enriched with food, where, they are 
produced in few numbers.

Male gametes may be transported to the female via water as in aquatic animals like 
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bony fishes and toads. Both the male and female shed their gametes in water where 
external fertilization occurs and the embryo develops in water. In terrestrial animals, 
fertilization takes place internally. Sperms should be introduced to the eggs that remain 
within the female body till fertilization. It means fusion of the male gamete nucleus 
with that of the female to form the zygote that resumes its diploid (2N) nature and 
passes towards embryonic development by means of mitosis.

Third: Alternation of generations
Some plants and animals species can breed both asexually and sexually in an 

alternation of generations during their life cycle. They gain from both methods their 
advantages of rapid production and genetic diversity. These enable them to disperse 
widely and to conform with the environmental fluctuations. This may be associated 
with variation in chromosome number of these generations.

This phenomenon can be shown by the following examples:

1. Life cycle of Plasmodium (Malaria parasite)
This is sporozoan parasite from the Protozoa that infects both man and female 

Anopheles mosquito. Its life cycle starts when the infected mosquito bites human 
skin. It pours in his blood minute spindle - shaped Sporozoites. These move towards 
the liver where they spend an incubation period during which they make 2 cycles of 
asexual reproduction, their nuclei divide by schizogony giving several Merozoites. 
These migrate to the blood infecting the red cells where they pass several cycles. They 
produce huge numbers of Merozoites that are released together every 2 days with the 
destruction of infected red blood cells. Meanwhile symptoms of Malaria fever appear 
on the patient (as heat, chill and sweating).

Later, gametocytes arise and migrate to the mosquito with patient's blood where 
they develop to gametes in mosquito's stomach (Fig. 11) They fuse into a zygote that 
transforms to Ookinete which penetrates into stomach wall and divides meiotically to 
give to Oocyst.
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1- دورة حياة بلازموديوم الملاريا : 

دورة  وتبداأ   . الأنوفيلي�ض  وبعو�صه  الأن�صان  على  تتطفل  التى  الجرثومية  الأوليات  من  البلازموريوم    

مغزلية  اأ�صكال  دمه  في  وت�صب  الأن�صان  جلد  بالطفيل  م�صابة  انوفيلي�ض  بعو�صة  اأنثى  تلدغ  عندما  الحياة 

تقوم  ح�صانة  فترة  فيه  تق�صى  حيث  الكبد  اإلى  تتجه  التى    )Sporozoites ( الأ�صبوروزيتات  هى  دقيقة 

لتنتج   )Schizogony( بالتقطع  يعرف  بما  النواة  تنق�صم  حيث  اللاجن�صى  التكاثر  من  بدورتين  خلالها 

الميروزيتات )Merozoites( التى تنتقل  بعد  ذلك لأ�صابة كريات الدم الحمراء. 

  تق�صى الميروزويتات في كريات الدم الحمراء عدة دورات لجن�صية لإنتاج العديد من الميروزويتات التى 

تتحرر باأعداد هائلة كل يومين بعد تفتت كريات الدم الم�صابة،  فيظهر على الم�صاب حينئذ اأعرا�ض حمى 

الملاريا ) كاإرتفاع درجة الحرارة - الرع�صة - العرق الغزير (

  تتحول بعد ذلك الميروزويتات اإلى اأطوار م�صيجية تنتقل مع دم الم�صاب اإلى البعو�صة ، حيث يتم اإندماج 

الأم�صاج وتكوين اللاقحة في معدة البعو�صة )�صكل14( 

  تتحول اللاقحة اإلى طور حركي Ookinete   يخترق جدار المعدة وينق�صم ميوزيا'' مكونا'' كي�ض البي�ض 

Oocyst  الذى تنق�صم نواته ميتوزيا'' فيما يعرف بالتجرثم Sporogony  وتنتج العديد من الأ�صبوروزيتات 

التى تتحرر وتتجه اإلى الغدد اللعابية للبعو�صة ا�صتعداداً لإ�صابة اإن�صان جديد 

Fig. (11) Life cycle of Plasmodium (Malaria parasite))�شكل 14( دورة حياة البلازموديوم

The life cycle in female mosquito The life cycle in man
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Its nucleus is divided by mitosis, this process is known as Sporogony producing 
numerous sporozoites that liberate and move towards the mosquito's salivary glands to 
be ready for human infection.

So, the life cycle of plasmodium has a sexual generation that reproduces by gametes 
(in mosquito) and by schizogony (in man).

2. Life cycle of a fern plant:

From the common ferns, Polypodium is known in plant nurseries as an ornamental 
plant and Adiantum which grows on well edges and shaded streams. The life cycle of 
Polypodium plant (Fig. 12) starts by the "sporophyte" which carries the leaves on their 
lower surfaces of which have the sori. These contain numerous spore mother cells (2N) 
which divide by meiosis giving the spores (N). On maturation, spores are released and 
Carried by winds to far distances. Upon settling on a wet soil, the spore germinates 
forming several cells that develop to a flat heart-shaped body called "gametophyte" that 
grows over the soil.
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Fig. (12) Life Cycle of Polypodium
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From the lower surface extremity of the gametophyte arise the rhizoid processes 
that penetrate into the soil to absorb water and salts. From anterior region of the same 
surface of gametophyte grow the genital organs, namely Antheridia (male organs) and 
Archegonia (female organs). On maturation of Antheridia, the male gametes (ciliated 
sperms) liberate and swim over soil water to reach the mature Archegonia for fertilizing 
its egg forming the zygote (2N). This divides and differentiates to a new sporophyte that 
grows over the gametophyte on which it depends for some time till developing its own 
roots, stem and leaves. The gametophyte then degenerates while the sporophyte grows 
to repeat the life cycle. So the sporophyte (2N) that reproduces asezually alternates with 
the gametophyte (N) that reproduces sexually in the life cycle of ferns. By such way, 
it represents a typical example of the phenomenon of alternation of  generations in the 
living organisms.
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Reproduction
in Flowering plants

The flowering plants are a large group of seed plants whose seeds develop with a 
pericarp. It is then called Angiospermae. They are common in various habitats. They 
vary in size from small herbs to giant trees. The flower in these plants is the specialized 
organ for reproduction. It is a short stem with the leaves being modified to various floral 
parts. The flower arises from the axils of either a green or a scale leaf called bract. In 
some cases flowers occur without bracts.

Flowers may be solitary apical as in Tulip, and so stops the growth of the stem. It may 
also be solitary axial as in Petunia. In other cases, flowers may be grouped on the floral 
axis into various aggregations called inflorescence as in beans and manthur.

The flower and its parts
The flower emerges (Fig. 13) from the axils of a leaf called bract that varies in shape 

and colour from a plant to the other. The flower in some plants is carried on a pedicel 
and so becomes stalked. In some others, it is sessile. A typical or complete flower (such 
as in beans, apple, onion and petunia) has 4 floral whorls. Leaves of each whorl alternate 
with that of the next whorl.
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 . جال�صة  تكون  الأخر  بع�صها  وفى  معنقة  فتكون     )Pedicel(عنق على  النباتات  بع�ض  في  الزهرة  وتحمل 

)Sessile(  وللزهرة النموذجية اأو الكاملة كالفول والتفاح والب�صل والبيتونيا اأربعة محيطات زهرية تتبادل 

اأوراق كل منها مع اأوراق المحيط الذي يليه 

 Sepals بال�صبلات  تعرف  خ�صراء  اأوراق  من  يتكون   ، للزهرة  الخارجي  المحيط   )Calyx( الكأس     

وتقوم بحماية الأجزاء الداخلية للزهرة من عوامل الجفاف اأو الأمطار اأو الرياح 

البتلات  من  اكثر  اأو  واحد  �صف  من  يتكون   ، للداخل  الكاأ�ض  يلى  الذى  المحيط   )Corolla( التويج    

)Petals( التى ت�صاعد فى حماية الأجزاء الجن�صية للزهرة وجذب الح�صرات لأتمام عملية التلقيح 

 ، التويج  عن  الكاأ�ض  اأوراق  تمييز  ي�صعب   ، والب�صل  كالتيوليب  الواحدة  الفلقة  نباتات  معظم  اأزهار  في   -  

 ) Perianth(حينئذ يعرف المحيطان الخارجيان بالغلاف الزهرى

 الطلع   )Androecium(  ع�صو التذكير ، يتكون من اأوراق متعددة ت�صمى الأ�صدية   )Stamens(كل 

اأكيا�ض من  اأربعة  Anther الذي يحتوى على  المتوك  )Filament(  يحمل على قمته  منها مكون من خيط 

)pollen grains(. حبوب اللقاح

  المتاع)Gynoecium(   ع�صو  التاأنيث ، يقع في مركز الزهرة ويتكون من كر بلة واحدة  carpel  اأو 

وقد   ،ovules البوي�صات  يحتوى  الذي    ovary بالمبي�ض  وتعرف  منتفخة  بلة  الكر  قاعدة  وتكون  اكثر، 

تلتحم الكر ابل اأو تبقى منف�صلة ، كما قد تحتوى غرفة واحدة  Locule اآو اكثر . ويعلو المبي�ض عنق رفيع 

ي�صمى القلم ينتهى بقر�ض لزج يعرف بالمي�صم stigma تلت�صق عليه حبوب اللقاح .

Fig. (13) L.S in the flower�شكل )16( قطاع طولى فِى الزهرة
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Galyx: It is the outer whorl of the flower, it is formed of green leaves known as 
sepals. They protect the inner parts of the flower against drought, rain or wind.

Corolla: It is the next whorl inside the calyx. It is composed of one row or more of 
petals, that help in protection of the floral sexual parts and they attract insects so that, 
the pollination process occurs.

In flowers of most monocot plants as Tulip and Onion, leaves of the calyx are hardly 
differentiated from those of the corolla and so both whorls are called perianth.

Androecium: It is the male organ, that consists of numerous leaves  called stamens. 
Each stamen consists of a filament which carries an apical anther that contains 4 sacs 
of pollen grains.

The Gynoecium: It is the female organ and is the central whorl of the flower and 
consists of one or more carpels. The carpel's base is swollen and called ovary which 
contains the ovules. Carpels may fuse or remain separate and enclose one or more 
lobules. A thin neck attaches over the ovary called the style which ends by a sticky disc 
called stigma where pollen grains adhere.

Flower Functions:
In order for the flower to perform its functions in reproduction and species continuity, 

the stamens should prepare for pollen production and the ovary for ovule formation. 
Then follows the 2 processes of pollination, and fertilization to produce the fruit and the 
seeds. This can be described as follows:

First: Formation of pollen grains:
If you examine a T.S. in a mature anther of a large stamen as that of the Lily (Fig. 14), 

you find 4 sacs of pollen grains. During flower development and before formation of 
pollen grains, these sacs are full of large nucleated diploid cells (2N) called spore mother 
cells.
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وظائف الزهرة
لكي تقوم الزهرة بوظائفها في التكاثر ل�صتمرار النوع ، فاإنه يجب اأول اآن تقوم الأ�صدية باإعداد حبوب 

اللقاح ، والمبي�ض باإعداد البوي�صات ، ثم تاأتى عمليتا التلقيح والإخ�صاب فتكوين الثمرة والبذور وذلك كما 

يلي : 

أ ولًا: تكوين حبوب اللقاح : 

اإذا فح�صت قطاعا عر�صيا'' في متك نا�صج لأحد الأ�صدية كبيرة الحجم ، كما في الزنبق مثلا  )�صكل 17 ( 

ت�صاهد احتواءه على اأربعة اأكيا�ض لحبوب اللقاح ، وقبل اأن تتكون حبوب اللقاح اأثناء نمو الزهرة تكون هذه 

الأنوية  مليئة بخلايا كبيرة  الأكيا�ض 

ت�صمى الخلايا الجرثومية الأمية.

من  زوج��ى  ع��دد  على  تحتوى   التى 

ال�صبغيات )2ن( 

 - تنق�صم كل خلية من هذه الخلايا 

اأربع خلايا بكل  لتكون  انق�صاما ميوزيا 

وت�صمى  ال�صبغيات  من  )ن(  عدد  منها 

 )Microspores( الجراثيم ال�صغيرة

اإلي حبة لقاح باأن  ثم تتحول كل منها 

اإلي  ميتوزيا  انق�صاما''  النواة  تنق�صم 

ن��وات��ي��ن ت��ع��رف اإح��داه��م��ا ب��ال��ن��واة 

 )Tube nucleus( الأن��ب��وب��ي��ة   

والأخ�����������رى ب����ال����ن����واة ال���م���ول���دة  

)Generative Nucleus( ثم يتغلظ 

غلاف حبة اللقاح لحمايتها.

وتتفتح  متجاورين  كي�صين  كل  بين  الفا�صل  الجدار  ويتحلل   ، نا�صجاً  المتك  ي�صبح  الحالة  هذه  فى   -  

الأكيا�ض وت�صبح حبوب اللقاح جاهزة للانت�صار .

 

 

 

 

Fig. (14) Maturation of Ovary and Anther stages
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- Each of these cells is divided meiotically forming 4 haploid (N) called microspores.

Each of these microspores develops into a pollen grain through a mitotic division of 
its nucleus into 2 nuclei called the tube and generative nuclei. The wall of the pollen 
grain then thickens for protection. Meanwhile, the anther matures, and the wall in-
between adjacent pollen sacs degenerate. Then the sacs open releasing the pollen grains 
that become ready for dispersal.

Second: Formation of ovules
During the production of pollen grains in the anther, parallel changes occur in the 

ovary as follows:

The ovule starts to appear as a simple swelling on the interior ovary wall that contains 
a large sport mother cell. During the ovule growth a funicle develops connecting it with 
the ovary wall (through which food material reaches it). Then 2 integuments surround 
the ovule completely, save a minute hole called micropyle through which the ovule is 
fertilized.
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Within the ovule, the mother spore cell (2N) is divided meiotically giving a row of 
4 haploid cells (N). Three of them degenerate and the fourth grows rapidly forming the 
embryo sac that is surrounded by a nutritive tissue called nucellus, then the following 
steps are taken place.

1. The nucleus is divided mitotically thrice giving 8 nuclei, 4 of them migrate to each 
pole of the embryo sac.

2. From each of these 4 nuclei, one moves to the centre of the embryo sac giving the 2 
polar nuclei.

3. Each of the remaining 3 nuclei at both of the 
sac poles becomes enveloped by some of 
the cytoplasm and a thin membrane forming 
distinct cells.

4. The middle of the 3 cells that are close to 
the micropyle grows forming the egg, while 
the 2 side cells are called synergids. The 3 
cells that are distant from the micropyle are 
called antipodal cells. The ovule by such way 
becomes ready for fertilization (Fig. 15).

Third: Pollination and fertilization
a) Pollination

This is the process by which pollen grains are transported from the anther to the 
stigma of the flower.

 Types of pollination

1. Self pollination:
The pollen grains are transported from the anther to the stigma of the same flower or 

to that of another flower of the same plant.

2. Cross pollination:
The pollen grains are transported from the flower anther of a plant to the stigma of 

another plant of the same species.
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ثانياً : تكوين البويضات 

اأثناء تكوين حبوب اللقاح في المتك - تحدث تغييرات مناظرة في المبي�ض على النحو التالي: 

 - تبداأ البوي�صة في الظهور كانتفاخ ب�صيط على جدار المبي�ض من الداخل ،ويحتوى خلية جرثومية اأمية 

كبيرة ، ومع نمو البوي�صة يتكون لها عنق اأو حبل �صرى )Funicle( ي�صلها بجدار المبي�ض )ومن خلاله ت�صل 

اإليها المواد الغذائية( ثم يتكون حولها غلافان   )Integuments(يحيطان بها تماما فيما عدا ثقب �صغير 

ي�صمى النقير )Micropyle( يتم من خلاله اإخ�صاب البوي�صة. 

اأربع خلايا بكل منها   - في داخل البوي�صة تنق�صم الخلية الجرثومية الأم )2ن( ميوزيا لتعطى �صفا من 

عدد فردى من ال�صبغيات )ن( ثم تتحلل ثلاثة من هذه الخلايا ، وتبقى واحدة لتنمو ب�صرعة وتكون الكي�ض 

)Nucellus( الذى يحيط به ن�صيج غذائي ي�صمى النيو�صيلة )Embryo Sac( الجنينى

 - في داخل الكي�ض الجنينى تتم المراحل التالية :-

ثلاث   ) ميتوزيا   ( ال��ن��واة  تنق�صم   -1

مرات لإنتاج 8 اأنوية تهاجر 4 اإلى كل من 

طرفي الكي�ض الجنينى.

2- تنتقل واحدة من كل الأربعة اأنوية 

الجنينى  الكي�ض  و���ص��ط  اإل���ي  ال�صابقة 

 )Polar  . وتعرفان بالنواتين القطبيتين 

Nuclei(

الباقية  الثلاث  من  نواة  كل  تحاط   -3

الكي�ض الجنيني بكمية  فى كل من طرفي 

لتكون  رق��ي��ق  وغ�صاء  ال�صيتوبلازم  م��ن 

خلايا .

من  القريبة  خلايا  الثلاث  من  تنمو   -4

البي�صة  لت�صبح  و�صطية  واح��دة  النقير 

)egg( وتعرف الخليتان اللتان على جانبيها بالخليتين الم�صاعدتين )Synergids( كما تعرف الخلايا الثلاث 

للاإخ�صاب   جاهزة  ذلك  بعد  البي�صة  وت�صبح   )Antipodal Cells( ال�صمتية  بالخلايا  النقير  عن  البعيدة 

)�صكل 18( .

ض � �
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- This pollination may occur in plants according to presence of certain factors such as 
the following:

- Flowers are unisexual.

- Organs of one sex mature before those of the other sex (as in flowers of early maleness 
or early femalenss).

- Height of anthers is lower than the stigma, cross pollination needs means to be 
transported from one flower to another such as air, insects, water and man.

b) Fertilization:
 This process takes place according to the following stages:

1. Pollen grains germination:
When the pollen grains fall on the stigma, they germinate where the tube 

nucleus forms the pollen tube, which penetrates the stigma and crosses 
through the style till it reaches the ovule's micropyle. Then the tube nucleus 
degenerates while the generative nucleus is divided one mitotic division into 
2 male nuclei. (Fig. 16, 17). One male nucleus (N) fuses with the egg nucleus (N)
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ثالثا : التلقيح والإخصاب :-

أ ـ عملية التلقيح : هى انتقال حبوب اللقاح من المتك اإلى مي�صم الزهرة 

 أنواع التلقيح :

اأخرى  زهرة  مي�صم  اإلي  اأو  الزهرة  نف�ض  مي�صم  اإلي  زهرة  اللقاح من متك  اإنتقال حبوب   : ذاتي  تلقيح   -1

على نف�ض النبات 

2- تلقيح خلطي : انتقال حبوب اللقاح من متك زهرة على نبات اإلى مي�صم زهرة على نبات اآخر من نف�ض 

النوع.

 ي�صيع التلقيح الخلطى بين النباتات تبعا'' لتوافر عوامل معينة مثل 

 - اآن تكون الأزهار وحيدة الجن�ض 

 -  ن�صج اأحد �صقى الأع�صاء الجن�صية قبل الأخر .

 -  اآن يكون م�صتوى المتك منخف�صا'' عن م�صتوى المي�صم .

 يحتاج التلقيح الخلطى اإلى و�صائل لنقل حبوب اللقاح  مثل الهواء - الح�صرات - الماء - الإن�صان.

ب - عملية الإخصاب :-

يحدث الإخ�صاب ح�صب المراحل التالية :

1- إنبات حبوب اللقاح 

عندما ت�صقط حبوب اللقاح على المي�صم تبداأ في الإنبات حيث تقوم النواة الأنبوبية بتكوين اأنبوبة لقاح 

تنق�صم  بينما  الأنبوبية  النواة  تتلا�صى   ثم  المبي�ض  في  النقير  موقع  حتى  وت�صل  والقلم  المي�صم  تخترق 

النواة المولدة انق�صاماً ميتوزياً فيتكون نواتين ذكريتين )�صكلى 20،19(

 -

�شكل )19( مراحل انبات حبة اللقاح

�شكل )20(  حبة اللقاح تحت 

الميكرو�شكوب

)3( )2( )1(

Fig. (17)
Pollen grain under

the microscope
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Fig. (16)
Stages of pollen grain germination
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forming the zygote (2N), which starts to divide forming the embryo (2N) (Fig. 18).

- The second male nucleus (N) fuses with the two nuclei of the embryo sac (2N) 
forming the endosperm nucleus that becomes triploid (3N).
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- The last stage is called the triple fusion.

- The previous two fertilization stages are called the double 
fertilization.

- The endosperm nucleus is divided, forming the endosperm 
tissue; that supplies the early developing embryo with food. 
This tissue may remain outside the embryo occupying a  part 
of the seed.

Male nucleus (N) + egg nucleus (N)    Zygote (2N)    embryo (2N).

Male nucleus (N) + two nuclei of the embryo sac (2N)    endosperm nucleus (3N).

2. Formation of fruit and seed

- The embryo may keep the endosperm, the seeds in this case are called (endospermic 
seeds) such as one cotyledon seeds in which the integuments of the ovary and ovule 
fuse together forming a single seeded fruit called grain, as in maize and wheat.

- The embryo may feed on the endospermic tissue during its development so it is 
called (exendospermic seeds), accordingly the plant has to store another food 
in the cotyledons, hence these seeds are called (two cotyledons seeds), where the 
integuments of the ovule harden forming the seed testa, it is called (seed), as in bean 
and pea seeds.

After fertilization, the calyx, the corolla, the androecium, the style and stigma wilt 
and fall out, only the ovary remains that stores food, ripens, and transformed into fruit 
due to the hormones (auxins) secreted by ovary.

- The ovary's wall is transformed into the pericarp, and the seed wall into the seed coat 
or testa.
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اأنبوبة  خلال  من  البوي�صة  اإل��ى   اللقاح  حبة  من  )ن(  ذكرية  ن��واة  تنتقل 

ينق�صم  ثم  )2ن(  الزيجوت  فيتكون  )ن(  البي�صة  نواة  مع  وتندمج  اللقاح 

مكونا'' الجنين )2ن(  �صكل »21«.

النواة  مع  لتندمج  البوي�صة  اإل��ى   )ن(  الثانية  الذكرية  النواة  تنتقل   -

الأندو�صبرم  نواة  لتكوين  )2ن(  الجنينى  الكي�ض  نواتا  اندماج  من  الناتجة 

مرحلتى  وت�صمي  الثلاثي،  الندماج  با�صم  الأخيرة  المرحلة  وتعرف  )3ن( 

الإخ�صاب بالإخ�صاب المزدوج.

في  الجنين  لتغذية  الأندو�صبرم  ن�صيج  لتعطى  الأندو�صبرم  نواة  تنق�صم   -

من  ج��زءاً  في�صغل  الجنين  خارج  الن�صيج  هذا  ويبقى  الأول��ى.  نموه  مراحل 

البذرة. 

2- تكوين البذرة  والثمرة:

اإندو�صبرمية(  )بذور  الحالة  هذه  في  البذور  وت�صمى  موجود  ويظل  بالأندو�صبرم  الجنين  يحتفظ  قد   -  

ومثل بذور ذات الفلقة الواحدة حيث تلتحم فيها اأغلفة المبي�ض مع اأغلفة البوي�صة لتكوين ثمرة بها بذرة 

واحدة وتعرف حينئذ بالحبة مثل القمح والذرة. 

ل  )ب���ذور  الحالة  ه��ذه  ف��ي  ال��ب��ذور  وت�صمى  تكوينه  اأث��ن��اء  الأن��دو���ص��ب��رم  على  الجنين  يتغذى  وق��د   -  

حيث  فلقتين  ذات  بذور  مثل  فلقتين  في  للجنين  اأخر  غذاء  تخزين  اإلى  النبات  ي�صطر  مما  اندو�صبرمية( 

تت�صلب الأغلفة البي�صية لتكوين الق�صرة ويطلق عليها ا�صم )بذرة( مثال بذور الفول والب�صلة.  

مبي�صها  �صوى  الزهرة  من  تبقى  ول  والمي�صم  والقلم  والطلع  والتويج  الكاأ�ض  يذبل  الإخ�صاب  حدوث  بعد 

وي�صبح  المبي�ض،  يفرزها  هرمونات  بفعل  ثمرة  اإلى  ويتحول  وين�صج  الحجم  في  ويكبر  الغذاء  يختزن  الذى 

الم�صاعدتان  الخليتان  وتتحلل  للبذرة  غلافا''  البوي�صة  جدار  وي�صبح  الثمرة  غلاف  هو  المبي�ض  جدار 

والخلايا ال�صمتية ويبقى النقير ليدخل منه الماء اإلى البذرة عند النبات .

 - هناك بع�ض الثمار التى يمكنها اأن تحتفظ باأجزاء من الزهرة مثل :-

 ثمرة الرمان تبقى بها اأوراق الكاأ�ض والأ�صدية .

 ثمرة الباذنجان والبلح يبقى بها اأوراق الكاأ�ض .

�شكل )21( عملية الإخ�شاب

حبة لقاح

اأنبوبة 

لقاح

جنين )2ن( نواة ذكرية )ن( + نواة البيضة )ن(     زيجوت )2ن(   

نواة ذكرية )ن( + نواتا الكيس الجنيني )2ن(     نواة الإندوسبرم )3 ن( 

Fig. (18)
Fertilization process
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- The 2 synergid cells and antipodal cells disappear while the micropyle remains so as 
to allow water to get into the seed during germination.

There are some fruits which keep some parts of the flower - for example:

* Leaflets of the calyx and the stamens remain as in pomegranate.

* The calyx may take part as in egg plant and dates fruits.

* The corolla leaflets may stay as in marrow fruits.

False fruit:
It is the fruit in which any part except its ovary enlarges to store food. As in apple 

where the receptacle may share in fruit formation.

From the previous we conclude that:
Pollination provides the flower with male cell needed for fertilization of the ovule 

that develops into the seed. It also stimulates the auxins necessary for developing the 
ovary into a mature fruit even if fertilization does not take place.

Parthenocarpy:
It is the natural development of fruit that is devoid of seeds since no fertilization takes 

place as in, banana and pine - apple. That can be carried out artificially by spraying the 
stigmata with the  extract of pollen grains (Pollen grains powder in ether solution or the 
use of indole or naphthol acetic acid) to stimulate the ovary to form the fruit.

- The maturation of the fruit and seeds often leads to discontinuity of the plant growth 
and sometimes to its death, especially in annual plants due to consumption of stored 
food and inhibition of hormones.

If pollination and fertilization do not take place, the flower withers and drops off 
without fruit formation.
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Reproduction in Human Beings

Man belongs to class Mammalia in which the embryo develops inside the uterus till 
birth. Their eggs are small and nearly devoid of yolk. The number of youngs is few, due 
to parental care. Man shows a high degree of care, where the young requires several 
years of raising. This is due to his mental progress that God provided him to be superior 
over other creatures.

The Male Genital System
It consists of two testes (Fig. 19). Each testis leads to the tubules of the epididymis, 

the vas deferens, accessory glands till urethera. This system produces sperms and 
secretes male hormones whose function is to develop the secondary sex characters, i.e. 
the voice becomes deep, muscles grow stronger and growth of facial hair .......... etc.

a) The two testes:
The testis lies outside the body in the scrotal sac. In the course of their development 

during the last months of pregnancy; they move out of the main body cavity into the 
scrotum. Such a position prepares a condition cooler than the body temperature. This is 
suitable for spermatogenesis. Whenever a testis fails to descend down into the scrotum, 
spermatogenesis does not occur, causing infertility.
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بكي�ض  يحاطان   : الخصيتان  )أ( 

تجويف  خ��ارج  يتدلى  ال��ذى  ال�صفن  

اإليه  الخ�صيتان  انتقلت  وقد   ، البطن 

جنين  وهو  التجويف  ذلك  داخ��ل  من 

ويهيى  الأخ��ي��رة،  الحمل  اأ�صهر  ف��ى 

انخفا�ض  الو�صع  ذل��ك  ف��ى  بقائهما 

درجة حرارتها عن حرارة الج�صم بما 

المنوية  الحيوانات  تكوين  ينا�صب 

لتوقف  خروجهما  تعطل  ول��و  بهما 

اإنتاج المنى فيهما مما ي�صبب العقم .

أهمية الخصية :

1- اإنتاج حيوانات منوية 

2- اإفراز هرمون الت�صتو�صتيرون الذى يوؤدى اإلى ظهور ال�صفات الثانوية الذكرية عند البلوغ. 

)ب ( البربخان : تخرج من كل  قاعدة  خ�صية قناة تلتف حول بع�صها ت�صمى البربخ وت�صب  في قناة 

واحدة ت�صمى الوعاء الناقل .

)ج( الوعاءان الناقلان : يقوم كل وعاء بنقل الحيوانات المنوية من البربخ اإلي مجرى البول.

)د( الحوصلتان المنويتان : تفرز �صائل قلوى يحتوي علي �صكر فركتوز لتغذية الحيوانات المنوية 

في  الحم�صى  الو�صط  معادلة  على  يعمل  قلوى  �صائل  تفرزان    : كوبر  وغدتا  البروستاتا  غدة  )هـ( 

قناة مجرى البول لكي ي�صبح و�صط متعادل منا�صب لمرور الحيوانات المنوية فيه وهذا ال�صائل القلوي يمر 

في قناة مجرى البول قبل مرور الحيوانات المنوية فيها مبا�صرة .

)و( القضيب : ع�صو يتكون من ن�صيج ا�صفنجى تمر فيه قناة مجرى البول ، حيث ينتقل من خلالها البول 

والحيوانات المنوية كلٌ على حدة .

�شكل )22( الجهاز التنا�شلى الذكرى فى الإن�شان

Fig. (19) Male genital system in man
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The importance of the testis

1. The production of sperms.

2. The secretion of testosterone hormone which causes the secondary male characteristic 
to appear at puberty.

b) The two epididymis
 Each testis leads to cumulated tube called epididymis, the latter leads to the vas 

deferens.

c) The two vas deferenses
 Each vas deferen transports sperms from the epididymis to the urethera.

d) The two seminal vesicles
 Which secrete alkaline fluid containing fructose sugar to nourishe the sperms.

e) Prostate gland and Cowper's glands
 They secrete a sugary fluid (which nourishes sperms) and alkaline fluid to neutralize 

the acidity in the urethera. Since the neutral medium suits the passage of the sperms 
in it, therefore the alkaline fluid passes in the urethera just before the sperms.

f) The penis
 It is a spongy tissue organ that contains the urethera. The urine and sperms are 

expelled from it separately.

Study of a T.S. of testis

- The testis is built up of seminiferous tubules among them there are interstitial cells 
which secrete the testosterone hormone.

- Inside each tubule there are sertoli cells which secrete fluid to nourishe the sperms 
inside the testis. It is supposed that, they gave also immunization function.

- Each tubule is lined internally with primary germ cells (diploid) (2N) they are divided 
and finally transformed into sperms. (Fig. 20 a, b).
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علم الأحياء للثانوية العامة 64

دراسة قطاع عرضى فى الخصية  
تتكون الخ�صية من انيبيبات منوية ، توجد فيما بينها خلايا بينية تفرز هرمون الت�صتو�صتيرون. 

الحيوانات  تغذية  على  يعمل  �صائل  تفرز  �صرتولي  خلايا  ت�صمي  خلايا  منوية  انيببة  كل  داخل  يوجد   -

المنوية داخل الخ�صية ويعتقد اأن لها وظيفة مناعية اأي�صا.

اأمية )2ن( تنق�صم هذه الخلايا وتكون  - توجد خلايا مبطنة لكل انيببة منوية ت�صمى خلايا جرثومية 

في النهاية الحيوانات المنوية )�صكل 23 اأ،ب(  

مراحل تكوين الحيوانات المنوية :-

تمر عملية تكوين الحيوانات المنوية )�صكل 24( باأربعة مراحل هامة هي :-

الخلايا  فى  م��رات  ع��دة  ميتوزى  انق�صام  فيها  يحدث  التى  المرحلة  هي   : التضاعف  مرحلة  )أ( 

الجرثومية الأمية )2ن( وينتج عن هذا النق�صام عدد كبير من الخلايا ت�صمى اأمهات المنى )2ن( .             

اأولية  منوية  خلايا  اإلى  وتتحول  الغذاء  من  ق��دراً  المنى  اأمهات  تختزن  وفيها   : النمو  مرحلة  )ب( 

)2ن(.

)2ن(  الأولية  المنوية  للخلايا  اول  ميوزى  انق�صام  المرحلة  هذه  فى  تحدث   : النضج  مرحلة  )ج( 

فتعطى خلايا منوية ثانوية )ن( التى تنق�صم انق�صام ميوزى ثان فتعطى طلائع منوية )ن(

تلاحظ في مرحلة الن�صج حدوث اختزال في عدد ال�صبغيات اإلى الن�صف .

)د( مرحلة التشكل النهائى : وفيها تتحول الطلائع المنوية اإلى حيوانات منوية. 

�شكل )23( قطاع عر�شى فى الخ�شية
) اأ (

) ب (
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تلاحظ في مرحلة الن�صج حدوث اختزال في عدد ال�صبغيات اإلى الن�صف .

)د( مرحلة التشكل النهائى : وفيها تتحول الطلائع المنوية اإلى حيوانات منوية. 

�شكل )23( قطاع عر�شى فى الخ�شية
) اأ (

) ب (

Fig. (20) T.S. in the Testis
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This process (Fig. 21) passes by four important 
phases which are:

a) Multiplication phase: In which the mitotic 
division takes place serveral times in the 
primary germ cells (2N) as a result of this 
division, a great number of spermatogonia cells 
(2N) are produced.

b) Growth phase: In which the spermatogonia 
store an amount of food and are transformed 
into primary spermatocytes (2N).

c) Maturation phase: In this stage, the primary 
spermatocytes (2N) undergo meiosis I, the 
result being secondary spermatocytes (N) 
which undergo meiosis II. The resulting cells 
are haploid spermatids (N). Note that the 
number of chromosomes is reduced to its half 
in maturation phase.

d) Metamorphosis phase: In this phase the spermatids are changed into sperms.
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تركيب الحيوان المنوى : يتكون من

 23 بها  ن���واة  على  تحتوى   : الــــرأس  )أ( 

ج�صم  يوجد  الراأ�ض  مقدمة  وفى  كرمو�صوم، 

الهيالويورنيز،  اإنزيم  يفرز   Acrosome قمى 

ويعمل هذا النزيم على اإذابة جزء من غلاف 

البوي�صة مما ي�صهل من عملية اأختراق الحيوان 

المنوى للبوي�صة .

تلعبان  �صنتريولن  يحتوى  العنق:  )ب( 

دوراً فى انق�صام البوي�صة المخ�صبة .

تحتوى  الــــوســــطــــى:  الـــقـــطـــعـــة  )ج( 

الطاقة  المنوى  الحيوان  تك�صب  ميتوكوندريا 

اللازمة لحركته.

ينتهي  و  م��ح��ور  م��ن  يتكون  الـــذيـــل:  )د( 

الحيوان  حركة  على  ،وي�صاعد  ذيليه  بقطعة 

المنوى .

�شكل )24( خطوات تكوين الحيوان المنوى

ا

)ن2(

انق�شام ميورزي ثاني

اأنق�شام ميوزى اأول

)�شكل 52 اأ ( حيوانات منوية تحت المجهر
�شكل )25 - ب( تركيب الحيوان المنوى

�لر�أ�ض

�لعنق    

�لذيل

�لميتوكوندريا

�لج�سم �لقمى

�لنو�ة
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Structure of sperm:
It consists of:
a) The head: It contains the nucleus with 23 chromosomes. There is an acrosome in 

the forehead which secretes the hyaluronic enzyme that dissolves a part of the ovum 
membrane, to facilitate its penetration process.

b) The neck: It contains two centrioles which play in important role in the fertilized 
ovum division.

c) The midpiece: It contains mitochondria which supply energy for sperm movment.

d) The tail: It consists of an axis which ends with caudal piece. It helps the sperm to 
move.
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تركيب الحيوان المنوى : يتكون من
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الطاقة  المنوى  الحيوان  تك�صب  ميتوكوندريا 
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المنوى .

�شكل )24( خطوات تكوين الحيوان المنوى

خلية  جرثومية  اأمية

)ن2(

انق�شام ميورزي ثاني

اأنق�شام ميوزى اأول

)�شكل 52 اأ ( حيوانات منوية تحت المجهر
�شكل )25 - ب( تركيب الحيوان المنوى

�لر�أ�ض

�لعنق    

�لقطعة �لو�سطى

�لذيل

�لميتوكوندريا

�لج�سم �لقمى

�لنو�ة
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Fig. (22-a) Sperms under the microscope Fig. (22-b) Structure of sperm
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The human female genital system:
It consists of two ovaries, two oviducts, the uterus and the vagina.This system 

produces the ova and the famale sex hormones, besides providing a safe place for 
completionof fertilization and embryo development till birth (Fig. 23).

The organs of this system lie behind the urinary bladder in the pelvic region. They 
are firmly connected in this position with elastic ligaments which allows its expansion 
during pregnancy.

a) The two ovaries: They lie on the sides of the pelvic cavity. Each ovary has an oval 
shape. It equals in size a peeled almond.
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علم الأحياء للثانوية العامة 66

 الجهاز التناسلى الأنثوى:
يتكون جهاز التنا�صل الأنثوى للاأن�صان من المبي�صين وقناتى المبي�ض والرحم والمهبل. ويقوم هذا الجهاز 

اإخ�صاب البوي�صة واإيواء  اأمين لإتمام  اإنتاج البوي�صات و هرمونات الأنوثة .اإلى جانب تهيئة مكان  بوظائف 

الجنين حتى الولدة )�صكل26(.

اأع�صاء هذا الجهاز فى منطقة الحو�ض خلف المثانة ،وتتثبت فى مكانها باأربطة مرنة ت�صمح لها  وتتجمع 

بالتمدد اأثناء حمل الجنين.

في  ال�صكل  بي�صاوى  والمبي�ض   . الحو�ض  تجويف  جانبى  على  يوجدان   :)Ovaries( المبيضان   أ- 

حجم اللوزة المق�صورة ويحوى اأثناء الطفولة عدة اآلف من البوي�صات فى مراحل نمو مختلفة ، وبعد البلوغ 

تن�صج من تلك الآلف حوالى 400 بوي�صة فقط خلال �صنوات الخ�صوبة والتى يمكن اأن يحدث بها الإنجاب  

التى ت�صتمر حوالى 30 �صنة بعد البلوغ، وذلك بمعدل بوي�صة واحدة من اأحد المبي�صين بالتبادل مع الآخر 

�صهريًا يفرز المبي�ض هرمونات البلوغ وهرمونات تنظيم دورة الطمث وتكوين الجنين.

اأمام  مبا�صرة  يقع   ، قمع  بوا�صطة  منهما  قناة  كل  تفتح   : )Fallopian tubes( فالوب  قناتى  ب- 

المبي�ض وذلك ل�صمان �صقوط البوي�صات فى قناة فالوب بالإ�صافة لوجود زوائد اإ�صبعية تعمل على التقاط 

البوي�صة، وتبطن قناة فالوب باأهداب تعمل على توجية البوي�صات نحو الرحم .

و مزود بجدار ع�صلى  الحو�ض  بين عظام  عبارة عن كي�ض ع�صلى مرن يوجد   :  )Uterus( ج-الرحم 

�صميك قوى ، ويبطن الرحم بغ�صاء غدى وينتهى بعنق ويفتح فى المهبل . ويتم بداخلة تكوين الجنين لمدة 

ت�صعة اأ�صهر .

Fig. (23) Female genital system
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During childhood each ovary contains several thousands of ova in various stages of 
development. After maturity about 400 of these ova only will mature during the thirty 
years of active reproductive life (fecundity years).

From each ovary, one mature ovum is discharged alternately with the other ovary per 
month.

It secretes the maturation hormones for regulating menstrual cycle and embryo 
development.

b) The two fallopian tubes: Each oviduct (Fallopian tube) has a funnel shaped opening. 
It lies just opposite the ovary to insure the fall of ovum in it; besides, it is provided 
with finger like processes to recieve the ovum, it is lined with cilia to direct the ovum 
towards the uterus.

c) Uterus: It is an elastic mascular sac-like organ. It lies in the pelvic cavity. It has a 
thick muscular strong wall, lined with a glandular membrane. The uterus is ended 
with the cervix which opens to the vagina. The embryo is formed inside the uterus 
for nine monthes.

d) Vagina: It is a muscular tube, its length is about 7 cm, it starts from the cervix to the 
genital opening. This tube is lined with glandular membrane that secretes mucous 
fluid to moisten this membrane glandular, also it has folds to allow its expansion 
during birth.
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As a female approaches maturity (at the age of 12-15 years), a monthly rhythmic 
changes takes place in the female reproductive system according to the ovarian and 
uterine activities. Such activities may correlate with fertilization and pregnancy, or 
non-pregnancy and the monthly bleeding which is termed menstruation. At the age of 
45 - 50 years, the ovaries become inactive i.e. the hormonal secretion is decreased, and 
the uterine lining is wrinkled. This is known as menopause.

Study of T.S. in the ovary:

From this study we notice that the ovary (Fig. 24) consists of a group of cells in 
different stages and the ovum inside the Graafian follicle. This follicle is transformed 
into the corpus luteum after the release of the ovum.
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بالفتحة  وتنتهى  الرحم  عنق  من  وتبداأ   ، �صم  حوالى  7  اإل��ى  طولها  ي�صل  ع�صلية  قناة   : المهبل  د- 

التنا�صلية ، والمهبل مبطن بغ�صاء يفرز �صائل مخاطى يعمل على ترطيب المهبل ، وبه ثنيات ت�صمح بتمدده 

خا�صة اثناء خروج الجنين.

لن�صاط  تبعاً  �صنه(   15-12 عمر  )عند  البلوغ  بعد  دوري��ه  ب�صفه  للاأنثى  التنا�صلى  الجهاز  حالة  تتغير 

المبي�ض والرحم وما يرتبط بهما من اإخ�صاب وحمل ، اأو عدم حدوث حمل ونزول النزيف ال�صهرى المعروف 

بالطمث .وعند عمر45-50 �صنة يتوقف ن�صاط المبي�صين فتقل الهرمونات وتنكم�ض بطانة الرحم ويتوقف 

  . )Menopause( حدوث الطمث

دراسة قطاع عرضى فى المبيض:    

اأنه يتكون من مجموعة من الخلايا تكون فى   )27 يلاحظ من درا�صة القطاع العر�صى فى المبي�ض )�صكل 

البوي�صة  تحرر  بعد  اأ�صفر  ج�صم  اإلى  وتتحول    ، جراف  حوي�صلة  داخل  البوي�صة  وتكون   ، مختلفة  مراحل 

منها .

 

 �شكل )27( قطاع عر�شى فى المبي�ش

 

Fig. (24) T.S. in ovary
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Stages of oogenesis:
This process passes by three important stages which are (Fig. 25).

a) Multiplication phase: In which the mitotic division takes place in the primary germ 
cells (2N) forming the oogonia (2N). This phase occurs in the embryo.

b) The growth phase: The oogonia (2N) store an amount of food, increase in size and 
are transformed into primary oocyte (2N). This phase occurs in the female embryo.

c) Maturation phase: The primary oocyte (2N) is divided by first miotic division into 
secondary oocyte and Ist polar body, both of them will be haploid (N) and the oocyte 
is larger than the polar body. Then the secondary oocyte is divided by second meiotic 
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division giving an ovum and second polar body. The latter polar body is divided by 
meiotic division into two polar bodies. So the resultant is three polar bodies.

The ovum contains cytoplasm and nucleus, it is enveloped with a thin cellular coat, 
its cells are held together by hyaluronic acid. The enzymes secreted by the acrosomes 
of sperms dissolved this coat at the penetration positon, therefore millions of sperms are 
required to penetrate the ovum.

Fig. (25) Stages of oogenesis
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Breeding cycle

In the life of placental mammals generally, there are certain periods where the ovary 
becomes regularly active in the adult female. These cycles are periodic and coincide 
with the sexual function of mating and production. This is known as breeding cycle. 
The period of such cycles differs in various mammals. In some mammals such as the 
lion and tiger, the cycle is annual. Others may have two breeding cycles per year, such 
as cats and dogs. In some others, such as rabbits and rats, the breeding season occurs 
frequently per month.

In human beings, such a cycle is known as the menstrual cycle. A typical menstrual 
cycle is 28 days. The two ovaries alternate with each other to produce mature ovums.

Menstrual cycle
This cycle (Fig. 26) is divided into three phases as follows:
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Breeding Cycle :دورة التزاوج
فى  المبي�ض  فيها  ين�صط   ، معينة  فترات  الإن�صان  منها  والتى  عامة  الم�صيمية  الثدييات  حياة  فى  توجد 

التزاوج،  بدورة  فتعرف  فيها  والإنجاب  التزاوج  وظيفة  مع  منتظمة،تتزامن  دورية  ب�صفة  البالغة   الأنثى 

وتختلف مدة هذه الدورات فى الثدييات المختلفة فهى �صنوية كما فى الأ�صد والنمر و ن�صف �صنوية كما فى 

)دورة  ال�صهرية  الدورة  با�صم  فتعرف  الإن�صان  فى  اأما  والفئران،  الأرانب  فى  كما  و�صهرية  والكلاب،  القطط 

الطمث( ومدتها 28 يومًا ويتبادل المبي�صان فى اإنتاج البوي�صات.

 Menstrual Cycle   :)دورة الطمث )الحيض
تنق�صم دورة الحي�ض ) �صكل 29 ( اإلى ثلاثة مراحل كما يلى :

أ - مرحلة نضج البويضة :

يحفز  الهرمون  هذا   )F.S.H( التحو�صل  الهرمون  ي�صمى  هرمون  النخامية  للغدة  الأمامى  الف�ض  يفرز 

حوي�صلة  نمو  ي�صتغرق  البوي�صة.  على  المحتوية   )Graafian follicle( جراف  حوي�صلة  لإن�صاج  المبي�ض 

جراف حوالى ع�صرة اأيام.

نموها  اأث��ن��اء  ج���راف  حوي�صلة  ت��ف��رز 

هرمون ال�صتيروجين )Estrogen( الذى 

يعمل على اإنماء بطانة الرحم.

ب-مرحلة التبويض:

الف�ض  يفرز  عندما  المرحلة  هذه  تبداأ 

ي�صمى  هرمون  النخامية  للغدة  الأمامى 

الهرمون الم�صفر  L H هذا الهرمون يٌفرز 

 ، الطمث  ب��داأ  من  ع�صر  الرابع  اليوم  فى 

ج��راف   حوي�صلة  اإن��ف��ج��ار  اإل���ى  وي����وؤدى 

الأ�صفر  الج�صم  وتكون  البوي�صة  وتحرر 

من بقايا حوي�صلة جراف.

ي���ف���رز ال��ج�����ص��م الأ����ص���ف���ر ه���رم���ون 

يعمل   ،   )Progestrone( البروج�صترون 

بطانة  �صمك  زي���ادة  على  ال��ه��رم��ون  ه��ذا 

�شكل )29( مخطط دورة الطمث 

FSH , LH

Fig. (26) Diagram of menstrual cycle in women
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a) Phase of proliferation: The pituitary gland releases the follicle stimulating hromone 
(FSH). This stimulates the ovary to form the mature Graafian follicle. The ovum 
grows and mature inside this follicle within 10 days. The follicle secretes estrogen 
which stimulates the growth of the endometrium.

b) Phase of ovulation: This phase starts when the anterior lobe of the pituitary gland 
secretes the luteinizing hormone (L.H.) in 14th day which stimulates the ovum to 
liberate from the Graafian follicle. So Graafian follicle is transformed into the corpus 
luteum, which produces progesterone. These hormones increase the thickness of the 
endometrium, and its blood supply. This phase lasts about 14 days.

c) Phase of menstruation: If the ovum is not fertilized the corpus luteum degenerates 
gradually. Consequently, the secretion of progesterone stops and so the endometrium 
degenerates and the blood vessels tear due to the successive contractions of the 
uterus. Thus menstrual bleeding takes place. This lasts 3-5 days and a new cycle of 
the other ovary begins.

If the ovum is fertilized, the pregnanacy will occure. The corpus luteum remains to 
secrete the progesterone. This inhibits ovulation, and thus the menstrual cycle stops till 
after birth. The corpus luteum reaches to its maximum growth at the end of the third 
month of pregnancy. It starts to degenerate during the fourth month, when the placenta 
that grows in the uterus takes over its function in secreting the progesterone, which 
preserves the endometrium. It also stimulates the maternal mammary glands to develop 
gradually. So if the corpus luteum is removed before the forth month, abortion occurs.

Fertilization
It is the fusion of the male gamete 

(sperm) with the female gamete (ovum) 
to form the zygote, which divides forming 
the embryo.

- After the ovum is released in the 14th 
day from the beginning of bleeding it 
will be ready for fertilization through 
1-2 days, Fertilzation takes place in the 
anterior third part of the fallopian tube.
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الرحم وزيادة الإمداد الدموى بها، ي�صتمر هذا الطور حوالى 14 يوم.

ج- مرحلة الطمث: 

 ، البروج�صترون  اإفراز هرمون  التدريجى ويقل  ال�صمور  الأ�صفر فى  الج�صم  يبداأ   ، البوي�صة  لم تخ�صب  اإذا 

ويوؤدى ذلك اإلى تهدم بطانة الرحم وتمزق ال�صعيرات الدموية ب�صبب انقبا�صات الرحم مما يوؤدى اإلى خروج 

حالة  فى  ،اأما  الآخر  للمبي�ض  جديدة  دورة  وتبداأ  اأيام   5-3 من  ي�صتغرق  الذى  ي�صمى''بالطمث''  فيما  الدم 

فتتوقف  التبوي�ض  يمنع  بما  البروج�صترون  هرمونى  ليفرز  الأ�صفر  الج�صم  يبقى   ، للبوي�صة  اإخ�صاب  حدوث 

الدورة ال�صهرية لما بعد الولدة ، وي�صل الج�صم الأ�صفر لأق�صى نموه فى نهاية ال�صهر الثالث للحمل ثم يبداأ 

اإفراز  و ت�صبح قادرة على  الرحم  نموها فى  الم�صيمة قد تقدم  الرابع ،حينما تكون  ال�صهر  الإنكما�ض فى  فى 

هرمون البروج�صترون فتحل محل الج�صم الأ�صفر فى اإفراز هذا الهرمون الذى ينبه الغدد الثديية على النمو 

التدريجى ، تحلل الج�صم الأ�صفر قبل ال�صهر الرابع )اأى قبل اإكتمال نمو الم�صيمة( يوؤدى اإلى الإجها�ض.

الاخصاب: 

هو اإندماج الم�صيج المذكر )الحيوان المنوى( 

مع الم�صيج الموؤنث )البوي�صة( لتكون الزيجوت 

الذى ينق�صم مكوناً الجنين.

 - بعد تحرر البوي�صة فى اليوم الرابع ع�صر 

فى  للاإخ�صاب  جاهزه  تكون  الطمث  ب��دء  من 

خلال يومين، ويتم اإخ�صابها فى الثلث الول من 

قناة فالوب.

من  تخرج  التى  المنوية  الحيوانات  عدد   -  

الرجل فى كل  تزاوج تتراوح ما بين 500-300 

كان  اإذا  عقيماً  الرجل  يعتبر  قد  لذلك  و  البوي�صة  اإلى  رحلتها  اأثناء  منها  الكثير  يفقد  منوي  حيوان  مليون 

عدد الحيوانات المنوية عند التزاوج اأقل من 20 مليون حيوان منوى.   

البوي�صة  غلاف  من  جزء  يذيب  الذى   ، الهيالويورنيز  اإنزيم  اإفراز  فى  معاً  المنوية  الحيوانات  -ت�صترك 

فيدخل حيوان منوى واحد .)يدخل الراأ�ض و العنق فقط ( )�صكل30( 

-يمكن للحيوانات المنوية اأن تبقى حية داخل الجهاز التنا�صلى الموؤنث حوالى 2-3 يوم .

-بعد الإخ�صاب تحيط البوي�صة نف�صها بغلاف يمنع دخول اأى حيوان منوى اآخر.

Fig. (27) Fertilization of egg )�شكل 30( اإخ�شاب البوي�شة
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- The number of sperms ranges between 300-500 millions per ejaculation, many of 
them are lost during their journey to the ovum, therefore the man is considered 
infertile if the number of sperms is less than 20 millions.

- The sperms share in secreting the hyaluronic enzyme which dissolves part of the 
ovum coat through which one sperm only enters (the head and neck only).

- The sperms can stay alive about 2-3 days inside the female genital system.

After fertilization the ovum surrounds itself with a coat, that prevents the entrance 
of any other sperm.

Pregnancy and embryonic development
By about 24 hours after fertilization, the 

zygote divides (by mitotic division) to two cells 
(two blastomeres) in the upper part of fallopian 
tube, then to four cells in the next day. Latter 
the cellular division speeds up forming a mass 
of small cells, known as the morula. This is 
pushed along the uterine tube by ciliary action 
and muscle contraction till it reaches the uterus. 
In the uterus this is implanted among the folds 
of the thick walled uterus (endometrium), at 
the end of the first week. (Fig. 28).

The endometrium is characterized by rich blood supply necessary for the development 
of embryo along the nine months of pregnancy.

Embryonic membranes
The rate of embryo growth is increased. Organogenesis and tissue differentiation 

gradually takes place. Two embryonic membranes are formed, the outer membrane is 
the chorion and the inner one is the amnion.

a) The amnion: It surrounds the embryo with a fluid serves to protect the embryo 
against shocks and dryness.

- The embryo is connected with the placenta by the umbilical cord, its length is about 70 
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الحمل ونمو الجنين: 

بعد  )الزيجوت(  اللاقحة  تنق�صم 

ي��وم واح��د م��ن الإخ�����ص��اب ف��ى بداية 

)فلجتين(  خليتين  اإل��ى  فالوب  قناة 

تت�صاعف  ث��م  الميتوزى  بالإنق�صام 

ثم   ، التالى  اليوم  فى  خلايا  لأرب��ع��ة 

يتكرر الإنق�صام حتى تتحول اإلى كتلة 

باأ�صم  ت��ع��رف  ال�صغيرة  ال��خ��لاي��ا  م��ن 

)Morula( التى تهبط بدفع  التوتية 

اإل��ى  لت�صل  لها  ف��ال��وب  ق��ن��اة  اأه����داب 

الرحم وتنغم�ض بين ثنايا بطانه الرحم ال�صميك فى نهاية الأ�صبوع الأول. )�صكل 31(.

 وتتميز بطانة الرحم بالإمداد الدموى اللازم لتكوين الجنين طوال اأ�صهر الحمل الت�صعة. 

الأغشية الجنينية:
الخارجى   ، غ�صاءان  الجنين  حول  ين�صاأ  و  الأع�صاء  وتكوين  الأن�صجة  بناء  ويتدرج   ، الجنين  نمو  يتزايد 

  )Amnion(. والداخلى ي�صمى الرهل  ،)Chorion(  ي�صمى ال�صٌلى

)أ ( غشاء الرهل: 

هو غ�صاء يحيط بالجنين ويحتوى على �صائل يحمى الجنين من الجفاف وتحمل ال�صدمات.

- يت�صل الجنين بالم�صيمة بوا�صطة الحبل ال�صرى)Umbilical Cord(  الذى ي�صل طوله حوالى 70 �صم 

اأكبر للجنين و الحبل ال�صرى ن�صيج غنى بال�صعيرات الدموية التى تقوم بنقل المواد  لي�صمح بحرية حركة 

للجنين  الدموية  الدورة  اإلى  الم�صيمة  من  والأك�صجين  والأملاح  الماء  الفيتامينات  و  المه�صومة  الغذائية 

وتقوم بنقل المواد الإخراجية وثانى اأك�صيد الكربون من الدورة الدموية للجنين  اإلى الم�صيمة.

)ب ( غشاء السٌلى : 

هو غ�صاء يحيط حول غ�صاء الرهل ، ووظيفته حماية الجنين ، يخرج من غ�صاء ال�صٌلى بروزات اأو خملات 

ا�صبعية ال�صكل تنغم�ض داخل بطانة الرحم وتتلام�ض فيها ال�صعيرات الدموية  لكل من الجنين والأم وت�صمى 

الم�صيمة  )�صكل 32 ( .

�شكل )31( تفلج البوي�شة المخ�شبة 

بوي�شة مخ�شبة

Fig. (28) Splitting of the zygote

Zygote
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cm its length increases to give more freedom for the motility of the embryo.

- The umbilical cord is a tissue rich in blood vessels which transfere digested food, 
vitamens, water salts and oxygen from the placenta to the embryo's circulation, and 
it transferes the excretory wastes and carbon dioxide from the embryo's circulation 
to the placenta.

b) The chorion: It surrounds the amnion, its 
function is to protect the embryo. Finger - like 
projections grow from the chorion membrane 
to be inserted in the endometruim. In which 
the capillaries of both embryo and mother 
touch. They intermingle forming the placenta 
(Fig. 29).

The importance of placenta
1. It transfers digested food, water, oxygen and 

vitamens from mother's blood to the embryo's blood by diffusion and gets rid of the 
embryo's excretory wastes. Foetus blood does not normally mix with mother blood.

2. It secretes the progestrone hormone at the beginning of the Fourth month of 
pregnancy where the corpus luteum degenerates and placenta becomes the source of 
the progestrose hormone.

3. It also transfers the drugs, harmful substances such as alcohol, nicotine, viruses 
from mother's blood to the embryo which cause great harms, serious deformities and 
diseases to the embryo.

The period of embryonic development is divided into three stages which are:
a) The first stage: It includes the first three months of pregnancy in which the nervous 

system and the heart start their development (in the first month). The hands and 
eyes become differentiated. Also the two sexes become diferentiated (the testes are 
developed in the 6th week, and the ovaries in 12th week) and response to stimuli 
becomes established.

b) The second stage: It includes the middle three months, in which the development 
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أهمية المشيمة :
1- نقل المواد الغذائية المه�صومه و الماء والأك�صجين و الفيتامينات من دم الأم اإلى دم الجنين بالنت�صار 

وتخل�ض الجنين من المواد الإخراجية دون اأن يختلط دم الجنين بدم الأم.

وت�صبح  الأ�صفر،  الج�صم  ي�صمر  حيث  الحمل  من  الرابع  ال�صهر  من  بدءاً  البروج�صترون  هرمون  اإفراز   -2

الم�صيمة هى م�صدر اإفراز هرمون البروج�صترون .

اإلى  اأي�صاً العقاقير و المواد ال�صارة مثل الكحول و النيكوتين و الفيرو�صات من دم الأم  3- تنقل الم�صيمة 

الجنين ، مما ي�صبب له اأ�صراراً بالغة و ت�صوهات واأمرا�ض.

تنقسم فترة تكوين الجنين إلى ثلاثة مراحل هى :

)أ(  المرحلة الأولى : وت�صمل ال�صهور الثلاثة الأولى من الحمل ، حيث يبداأ  تكوين الجهاز الع�صبي و 

فى  الخ�صيتين  تتكون   ( الأنثى  عن  الذكر  ويتميز   ، اليدان  و  العينان  وتتميز   ) الأول  ال�صهر  )فى  القلب 

الأ�صبوع ال�صاد�ض و يتكون المبي�صين فى الأ�صبوع الثانى ع�صر( ويكون له القدرة على ال�صتجابة.

ت�صمل ال�صهور الثلاثة الو�صطى ، حيث يكتمل نمو القلب و ي�صمع دقاته ...    : الثانية  )ب ( المرحلة 

ويتكون الجهاز العظمى .و تكتمل اأع�صاء الح�ض ويزداد فى نمو الحجم )�صكل 33( .

)ج( المرحلة الثالثة: ت�صمل ال�صهور الثلاثة الأخيرة، حيث يكتمل نمو المخ ويتباطاأ نمو الجنين فى 

الحجم وي�صتكمل نمو باقى الأجهزة الداخلية. فى ال�صهر التا�صع يبداأ تفكك الم�صيمة ويقل البروج�صترون 

و يقل تما�صك الجنين بالرحم ، اإ�صتعداداً للولدة، ثم يبداأ المخا�ض باإنقبا�ض ع�صلات الرحم ب�صكل متتابع 

Fig. (29)�شكل )32( الجنين والأغ�شية الجنينية 
Embryonic membranes and embryo

chorion
placenta

umbilical
cord

amniotic 
fluid

amnion

embryo

uterine 
wall
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of the heart is completed and its beats can 
be heard. Ossification of the skeletal system 
takes place (Fig. 30).

 The sense organs are completed and size 
growth increases.

c) The Last stage: It includes the last three 
months, in which the development of the 
brain is completed and the growth slows 
down, also the development of the other 
internal system is completed.

- In the ninth month, the placenta dissociates 
gradually. Thus progesterone decreases and 
attachment between the foetus and uterus 
becomes loosened preparing for birth.

- Labor begins with series of contractions in the 
uterine wall till the foetus is expelled outside.

- The baby starts his life with a distinct cry, 
which stimulates the respiatory system.

- The placenta separates from the uterine 
wall and moves outside the body then the 
umbilical cord is cut from the baby side, and 
the food supply of the new born changes to 
the mother's milk. The pituitary hormone 
stimulats the production of milk in the 
mammary glands of the mother, milk flows 
out to feed the baby with the most valuable 
nutritive and emotional supply, protecting 
him from many somatic and psychic diseases 
in his future.
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ب�صرخة  يبداأ  و  الخارج  اإلى  بالجنين  يدفع  مما 

تنف�صل  ثم   ، التنف�صي  جهازه  اأثرها  على  يعمل 

ثم  للخارج،  وتٌطرد  الرحم  جدار  من   الم�صيمة 

 ، ال��م��ول��ود  جهة  م��ن  ال�����ص��رى  الحبل  قطع  يتم 

اإلى لبن الأم بتنبيه هرمونى من  ويتحول غذاوؤه 

فيتغذى  ليفرز   ، الأم  ثدى  اإلى  النخامية  الغدة 

الوليد باأثمن غذاء ج�صدى و عاطفى، يحميه من 

فى  والنف�صية  الع�صوية  ال�صطرابات  من  كثير 

الم�صتقبل.

اأن عمر الأنثى المنا�صب للحمل ما  وقد لوحظ 

بين 18و35 �صنة -فاإذا قل اأو زاد عن ذلك تعر�ض 

كما   ، خطيرة  لمتاعب  الجنين  و  الأم  م��ن  ك��ل 

تزداد احتمالت الت�صوه الخلقى بين اأبنائها، كما 

اأن الإنجاب من زوج م�صن قد يوؤدى لنف�ض النتيجة 

فى الأبناء .

نوع  باإختلاف  الحمل  مدة  تختلف  ملحوظة: 

فى  ي��وم   150- ال��ف��اأر  ف��ى  ي��وم  :ف��ه��ى12  الكائن 

فى  يوم   330- الإن�صان  فى  يوم   270- الأغنام 

الما�صية .

)ب(

)جـ(

)اأ(

�شكل )33( تكوين الجنين
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(A)

(B)

(C)

Fig. (30)
The stages of embryonic development
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It was noticed that the suitable female age for pregnancy ranges between 18 and 35 
years. If the age decreases or exceeds that range, both the mother and the embryo will 
be subjected to serious problems, more over, the possibility to produce deformed babies 
will increase. On the other hand, if the father is too old, similar results will occur to his 
babies. 

N.B. The time of pregnancy differs according to the kind of organism, it is 150 days 
for sheep, 270 days for man, 330 days for cattle.



72 2015 - 2016Biology General Secondary Certificate

Means of contraceptive

Several contraceptive motheds are used in birth control.

1. The pills: They contain a combination of synthetic estrogen and progesterone 
hormones. Women start using them after the menstrual cycle and continue for 3 
week. These pills prevent pregnancy by inhibiting ovulation.

2. The intrauterine device (the coil): It is inserted into the lumen of the uterus. It 
prevents the fertilized ovum to be implanted in the uterus.

3. Condum: It prevents the sperms from entering the vagina.

4. Surgical sterilization : It involves the ligation of the two fallopian tubes in the 
woman and cutting them. So, fertilization does not occur for the ova produced by the 
ovary.

In a similar way in the man where each vas deferens is tied, separated from other 
structures and is cut. So, no sperms will come out.

Multiple births
Usually, one baby is born in each brith. Sometimes, multiple births take place 

reaching six babies in the same time. The most common are the twins. The international 
percentage of twins is once in about 86 briths. (Multiple births are rare).

There are two types of twins.

a) Fraternal (dizygotic) twins:
 Two mature ova are liberated (from one 

or both ovaries) at the same time. The two 
ova are fertilized (with two sperms), and 
each one will develop to an independent 
embryo. The two embryos differ genetically 
from each other. Each embryo has its own 
embryonic sac and separate placenta in the 
urerus (Fig. 31). They never exceed brothers 
of the same age.
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وسائل منع الحمل 
يتم منع الحمل بعدة طرق: 

ا�صتخدامها  يبداأ  والبروجي�صتيرون،  ال�صتيروجين  تحتوى على هرمونات �صناعية ت�صبة  1- الأقراص: 

بعد انتهاء الطمث و لمدة ثلاثة اأ�صابيع ، تمنع هذه الحبوب عملية التبوي�ض .

2- اللولب: ي�صتقر فى الرحم فيمنع اأ�صتقرار البوي�صة المخ�صبة فى بطانته .

3- الواقى الذكرى: يمنع دخول الحيوانات المنوية اإلى المهبل .

اإخ�صاب  يحدث  فلا  قطعهما  اأو  المراأة  فى  فالوب  قناتى  ربط  طريق  عن   : الجراحى  التعقيم   -4

خلالها  تخرج  فلا  قطعهما  اأو  الناقلين  الوعاءين  بربط  الرجل  ،اأوتعقيم  المبي�ض  ينتجها  التى  للبوي�صات 

الحيوانات المنوية.

تعدد المواليد :
، وف��ى بع�ض  م��ره  ك��ل  ف��ى  ي��ول��د جنين واح���د  م��ا  ع���ادة 

لكن   ، الوقت  نف�ض  فى  �صتة  حتى  المواليد  تتعدد  الأحيان 

اأكثرها �صيوعاً هى التوائم الثنائية، حيث ن�صبتها العالمية 

وهناك   ، المتعددة  التوائم  وتندر   ، فردية  ولدة   86:1

نوعان من التوائم ..

)ثنائية  متماثلة  غــيــر  مــتــآخــيــة-  تــوائــم  )أ( 

: )Dizygotic Twins( )اللاقحة

حدة  على  منوى  بحيوان  منهما  كل  واإخ�صاب  كليهما(  اأو  واحد  مبي�ض  )من  بوي�صتين  تحرر  نتيجة  تحدث 

ل يزيدان  اأ( فهما   - 35 فيتكون جنينين مختلفين وراثياً ولكل منهما كي�ض جنينى و م�صيمة م�صتقلة )�صكل 

عن كونهما �صقيقين لهما نف�ض العمر.

: )Mnozygotic Twins( )ب( توائم متماثلة )أحادية اللاقحة(

اإلى جزئين، كل جزء منها  واأثناء تفلجها تنق�صم   ، تنتج من بوي�صة واحدة مخ�صبة بحيوان منوى واحد 

35 - ب( ويكونا متطابقين تماماً فى جميع ال�صفات الوراثية،  يكون جنيناً ،تجمعهما م�صيمة واحدة )�صكل 

وقد يولد هذا  التواأم ملت�صقين فى مكان ما بالج�صم فيعرف بالتواأم ال�صيامي ويتم الف�صل بينهما جراحياً فى 

بع�ض الحالت.

Fig. (31) Identical twins�شكل )34( تواأم متماثل
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b) Identical (Monozygotic) twins :
 This type of twins results from the fertilization of one ovum by a single sperm. 

The developing cell separates into two masses of cells, each of which develops 
independently. They form two embryos, identical genetically and share one embryonic 
sac and mostly one placenta (Fig. 32). They have the same genetic characters. These 
twins may be born partially attached to each other 
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أطفال الأنابيب : 
يتم ف�صل بوي�صة من مبي�ض المراأة واإخ�صابها بحيوان منوى من زوجها داخل اأنبوبة اختبار، ورعايتها فى 

و�صط مغذى حتى ت�صل اإلى مرحلة التوتية ثم يعاد زرعها فى رحم الزوجة حتى يتم اكتمال تكوين الجنين 

)�صكل 36(.
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Fig. (32 - a ) Fraternal twins Fig. (32 - b ) Identical twins
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 at some places of the body. A case known as siames twins which can be surgically 
separated in most cases.

Test tube babies
A mature ovum is obtained from a wife's ovary and being fertilized externally with 

the husband's semen inside test tube in a certain nutritive medium till reaches to the 
morula.

Then it is reimplanted in the wife's uterus to complete its embryonic development till 
birth (Fig. 33).
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Renucleation

Experiments have been conducted on frogs and mice.

Nuclei from amphibian (toad) embryonic cells at diffetent stages of development 
were removed and transplanted into unfertilized amphibian (toad) eggs, whose nuclei 
had been removed or destroyed by radiation. Normal development was proceeded giving 
rise to individuals identical in characters to the individual from which the cultured nuclei 
were taken. This proves that the early embryonic cell nucleus is capable to direct the 
embryonic development in a manner similar to that of the zygote nucleus itself.
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Gamete banks

Gamete banks are found in some European and American countries. These banks 
are used to store selected animal gametes especially those of cattle and horses to keep 
them available for reproduction till the time of need. The gametes are stored in a frozen 
condition (-120°C) for up to 20 years. After that period they can be used in artificial 
fertilization, even after the death of the producer individuals or if some rare animal 
species are liable to extinction. Also, certain people desire to store their gametes in such 
banks, to ensure the continuity of their generations, even after their death with several 
years. 

On farm animals researches are carried out to control the sex of their newborn. 
Since it is possible to separate the sperms with (X) chromosome from sperms with 
(Y) chromosome by laboratory means such as centrifugation or exposure to a limited 
electric field. This aims to apply such techniques first on cattle to produce only males 
for meat or females for reproduction and milk production as required by breeders.

Could such technique succeed in case of man?
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Practical Activities

1. Microscopical examination of budding in yeast fungus.

2. Microscopical examination of bread mould fungus.

3. Examination of a mushroom fungus.

4. Microscopical examination of conjucation in spirogyra alga.

5. Examination of a gametophyte and sporophyte in Polypodium.

6. Examination of the structure of a typical flower.

7. Microscopical examination of a section in anthers and pollen grains.

8. Microscopical examination of a section in ovary of a flower to know its 
components.

9. Examination of some fruits as tomato, eggplant, apple and marrow.

10. Examination of a section in ovary of rabbit or rat.

11. Examination of a section in a testes of a rabbit or rat.

12. Watching films about stages of embryo formation inside the uterus.
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Questions

1. Choose the most accurate answer for the following questions:

1. The average range in which the ovum stay alive inside fallopian tube is :
 a) one hour.    b) one day
 c) 1-2 days.    d) 3 days.

2. The average interval in which the sperm stay alive inside female gential system 
is:

 a) one hour.    b) one day
 c) 1-2 days.    d) 2-3 days.

3. The fertilization of the ovum occurs in:
 a) uterus.
 b) The upper part of fallopian tube.
 c) The last half of fallopian tube.
 d) The ovary.

4. For the adult woman where the menstrual cycle is 28 days, the phase of ovulation
 occurs in:
 a) The 9th day from the beginning of this cycle.
 b) The 14th day from the beginning of this cycle.
 c) The 9th day from the end of the cycle.
 d) The 12th day from the beginning of this cycle.

5. The ovum inserted in the endometrium after:
 a) one day after fertilization.
 b) 7 days after fertilization.
 c) 4 days after fertilization.
 d) 5 hours after fertilization.

6. FSH and LH hormones are secreted from:
 a) The Graafian follicle.
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 b) The corpus luteum.
 c) The endometrium.
 d) The pituitary gland.

7. From the functions of LH hormone is:
 a) Ovulation.
 b) The development of the Graafian follicl.
 c) The development of mammary glands.
 d) The development of corpus luteum.

2. From the fellowing substances:

1. Which of the following substances is transferred from the mother's blood to the 
embryo's blood through the placenta?:

 a) glucose.   b) alcohol.  c) estrogen hormones.
 d) anti-bodies.  e) viruses.  f) red blood cells.
 g) amino acids  h) oxygen.

2. The spermatozoons cannot live except in nutritive medium, because they cannot 
store food inside them.

 a) The two statements are right and are related to each other.
 b) The two statements are right but not related to each other.
 c) The two statments are false.
 d) The 1st statement is right and the 2nd is false.
 e) The 1st statement is false and the 2nd is right.

3. The secretion of the progesterone hormone begins after three monthes from 
pregnancy because the ovary only secrets this hormone.

 a) The two statements are right and are related to each other.
 b) The two statements are right but not related to each other.
 c) The two statments are false.
 d) The 1st statement is right and the 2nd is false.
 e) The 1st statement is false and the 2nd is right.



79Shorouk Press2015 - 2016

3. Examine the opposite figure, then 
    answer the following:

 a) Label the numbered parts.
 b) What is the part outside the genital
         system  structure?
 c) What is the importance of the parts No. 3 
         and 6?
 d) What will happen if the organ No. 1, lies 
         inside the body? Why?
 e) What would happen if the organ No. 1 is eradicated?

4. Examine the opposite figure, then answer the

    following:

 a) Label the numbred parts.
 b) Mention the stages of spermatogenesis.
 c) Clarify the importance of cells No6 and No7.
 d) Show by labelled drawing the structure of the 
         sperm.

5. Examine the opposite figure, then answer the following:

 a) Label the numbered parts (organs).
 b) What are the importance of the organs 
         No1 and No 4?.
 c) Where does the fertilization process 
         occur?
 d) What are the changes which occur to 
          organ No1 during the menstrual cycle?
 e) What will happen if the two ovaries are
         eradicated from a pregnant woman? And 
         why?
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س3 من خلال الرسم المقابل وضح  :
اأ - البيانات التى ت�صير اإليها الأرقام 

تركيب  �صمن  يدخل  ل  ال��ذى  ال��ج��زء  م��ا   - ب 

الجهاز التنا�صلى ؟ 

ج- ما اأهمية الجزء رقم )3( ، )6( 

رقم)1( موجود  الع�صو  كان  اإذا  ماذا يحدث  د- 

داخل الج�صم ؟ولماذا؟ 

ه�-ماذا يحدث فى حالة اإ�صتئ�صال الع�صو )1(؟

س4 من خلال الرسم المقابل وضح: 
اأ - البيانات التى ت�صير اإليها الأرقام

ب-مراحل تكوين الحيوانات المنوية

ج- اهمية الخلايا رقم )6(ورقم )7( 

مع  المنوى  الحيوان  تركيب  بالر�صم  و�صح  د- 

كتابة البيانات 

س5 من خلال الرسم المقابل وضح :
  اأ-  البيانات التى ت�صير اإليها الأرقام

ب-ما اأهمية الع�صو رقم )1(، )4( 

ج- اأين تحدث عملية الأخ�صاب ؟

د- ما التغيرات التى تحدث للجزء رقم )3( اأثناء دورة 

الحي�ض ؟ 

ه�- ماذا يحدث عند اإ�صتئ�صال المبي�صين من امراأة اأثناء 

فترة الحمل ؟ولماذا؟

س6 علل لما يأتى : 
النحل  ذك��ر  ف��ى  المنوية  ال��ح��ي��وان��ات  تتكون   -1

بالأنق�صام  الميتوزى ولي�ض الميوزى.

2- يلجاأ ال�صبيروجيرا احياناً للاقتران الجانبى .

فى  التجدد  ع��ن  ال��ه��ي��درا  ف��ى  التجدد  يختلف   -3

الق�صريات .

4- يلى الأقتران فى ال�صبيروجيرا اإنق�صام ميوزى.

5- ي�صاف خلا�صة حبوب اللقاح على مباي�ض الأزهار .

6- نواة الندو�صبرم ثلاثية المجموعة ال�صبغية .

7- تعامل الحيوانات المنوية للما�صية بالطرد المركزى .

8- اأهمية وجود القطعة الو�صطى للحيوان المنوى اأثناء اإخ�صاب البوي�صة .

9- ي�صمر الج�صم الأ�صفر فى ال�صهر الرابع من الحمل ومع ذلك ل يحدث الأجها�ض.

10- ي�صترط لحدوث الأخ�صاب اأن تكون الحيوانات المنوية باعداد هائلة .

11- يت�صخم جدار الرحم وي�صبح غدياً بمجرد اإخ�صاب البوي�صة .

12- وجود الخ�صيتان خارج الج�صم فى معظم الثدييات.
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6. Give reasons for the following:

 1. The spermatognesis in the bee male is formed by mitotic division, not by meiotic 
         division.
 2. Somtimes, the spirogyra recurs the lateral conjugation.
 3. The regeneration in Hydra differs from that in Crustacea.
 4. Conjugation in Spirogyra is followed by meiotic division.
 5. An extract of pollen grains is spreaded over stigmata of some flowers.
 6. The endosperm nucleus is triploid (3N).
 7. The cattle sperms are treated by centrifugation.
 8. The importance of the midpiece of the sperm during the ovum fertilization.
 9. The corpus luteum degenerates during the fourth month of pregnancy, however no 
         abortion occurs.
 10. The sperms must be of huge number so that fertilization takes place.
 11. As soon as the ovum is fertilized the endometrium and its glands grow.
 12. In most mammals, the two testes lay outside the body.

7. What happens in the following cases:

 1. The corpus luteum degenerates in the second month of pregnancy.
 2. The two testes lay inside the human body.
 3. If the two ova are feratilized by two sperms at the same time.

8. Compare between:

 a) The gametophyte and sporophyte in the plant Adiantum.
 b) Parthenogenesis and parthenocarpy.
 c) LH hormone and FSH hormone.
 d) The identical twins and the fraternal twins.

9. Some living organisms reproduce by sexual followed by asexual one in their 
     life cycle.
 a) What is the scientific term of this statement and how can they make use of it?
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 b) Why is it common between parasites?
 c) Mention two examples, one from the plant kingdom and the other from the animal 
         kingdom in which this phenomenon occurs.

10. In the uterus, the embyro is surrounded by two types of embryonic
      membranes, what are they? And what is the importance of each?.

11. Using the opposite drawing, answer the following:
 a) Label the numbered organs.
 b) How is the seed formed? And how its kind, 
         monocot plants or dicot plants, is determined?
 c) What will happen if the flower is not pollinated?.
 d) What will happen if the flower is pollinated and 
         not fertilized?
 e) How can you get seedless fruits artificially?

12. Write the name of the hormone which leads to:
 1. The growth of the Graafian follicle in the ovary.
 2. The follicle rupture and the ovum liberation.
 3. The appearanceof the male secondary sex characters.
 4. The inhibition of the ovulation and growth of the endometrium.

13. What is meant by each of the following:
 Breeding cycle - parthenogenesis - parthenocarpy - double feretilization - corpus 

luteum - triple fusions - false fruit - Amnion.

14. Show by drawing only the stages of maturation of a plant's ovule (egg) in 
order for the plant's flower to become ready for fertilization.

علم الأحياء للثانوية العامة 80

س7 ماذا يحدث فى الحالات الأتية........؟
1-�صمور الج�صم الأ�صفر فى ال�صهر الثانى من الحمل .

2- وجود الخ�صيتين داخل الج�صم فى الإن�صان .

3- اإخ�صاب بوي�صتين بحيوانين منويين فى وقت واحد .

س8 قارن بين :
اأ- الأنق�صام الميتوزى والأنق�صام الميوزى

ب- النبات الم�صيجى  و النبات الجرثومى فى نبات  كزبرة البئر 

ج�- التوالد البكرى والأثمار العذرى 

د- زراعة الأن�صجة وزراعة الأجنة

 FSH وهرمون  LH ه�- هرمون

و- التوائم المتماثلة و التوائم ال�صقيقة 

دورة  فــى  جنسياً  لا  تكاثراً  يعقبة  جنسياً  تكاثراً  الحية  الكائنات  بعض  تتكاثر  س9 
حياتها:

اأ -ما هو الم�صطلح العلمى لهذه العبارة وما مدى الأ�صتفاده منها .

ب - ما �صبب اأنت�صارها بين الطفيليات .

س10 يحاط الجنين داخل الرحم بنوعين من الأغشية ما هما ؟وما أهمية كلًا منهما : 
س11 من خلال الرسم المقابل وضح :

اأ - البيانات التى ت�صير اإليها الأرقام .

ب - كيف تتكون البذرة ؟ وكيف يتحدد نوعها ذات فلقة  اأو 

ذات فلقتين ؟

ج�- ماذا يحدث اإذا لم تلقح الزهره ؟

د- ماذا يحدث اإذا لقحت الزهرة ولم تخ�صب ؟

ه�- كيف تح�صل على ثمار بلا بذور �صناعياً ؟

س12 أكتب أسم الهرمون الذى يؤدى إلى: 
1- نمو حوي�صلة جراف فى المبي�ض     

2- اأنفجار حوي�صلة جراف وتحرر البوي�صة 

3- ظهور ال�صفات الثانوية الذكرية   

4-توقف التبوي�ض ونمو بطانة الرحم 

س13 ما المقصود بكلًا من : 
دورة التزاوج- التوالد البكرى - الأثمار العذرى - الأخ�صاب 

المزدوج - الج�صم الأ�صفر - الأندماج الثلاثى- الثمرة الكاذبة 

-الرهل .

س14 وضـــح بــالــرســم مــراحــل نــضــج الــبــويــضــة فى 
نبات زهرى لكى تصبح جاهزه للإخصاب.       
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(5)

(6)

(7)
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Chapter Four

Structure and function
in living organisms

Immunity in Living organisms
• Learning outcomes

At the end of this chapter the student should be able to :
 Recognize the concept of immunity and its importance.
 Recognize the concept of the immune system and its importance for 

living organisms.
 Compare between the natural immunity and acquired immunity.
 List the pathogens of the plant 
 Explain how the immune system works in the plant
 Recognize the structural immunity and the biochemical immunity of the 

plants.
 Determine the organs of the immune system in humans
 List lymphatic organs in human. 
 Determine the types of lymphocytes.
 Identify antibodies and explain their methods of action.   
 Explain the mechanism of action of the immune system in humans.
 Identify some means of the natural immunity.
 Appreciate the stunning advances the scientists made in the field of 

immunology. 
 Estimate the grandeur of Allah in the role of some organs of the body to 

protect it from microbes.



84 2015 - 2016Biology General Secondary Certificate84

 Immunity in living
organisms

Introduction: 

The life of any living organism is exposed to a continuous threat either from biological 
sources such as pathogens including some insects, animal, protozoa, fungi, bacteria, 
viruses, or other non-biological sources such as accidents, natural disasters, disturbance 
of the surrounding elements of the environment. On the other hand, every kind of living 
organisms developed defense mechanisms to survive, from these mechanisms are the 
change of color for camouflage and the secretion of toxins to kill other organisms, or 
running to escape.

Therefore, the living organisms in a continuous conflict with life- threatening dangers 
, so God has endowed these organisms elaborate methods of defense, these methods 
are always changing to face the changing methods of the enemy , all these methods 
are known as the immune system  From the above, immunity can be defined as the 
body’s ability to resist diseases, or the body’s ability through the immune system to 
resist the pathogens, whether  through preventing the entry of pathogens into the body 
of the organism or by attacking the pathogen and foreign bodies and destroy them when 
entering the body of the organism.

The immune system works according to two systems which are the Innate immunity 
and Acquired or adaptive immunity. These two immunity systems are work in 
cooperation and coordination with each other, as the innate immunity is essential for 
the acquired immunity to work successfully, and vice versa,this correlation allows the 
body to act with pathogens. 

84
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Immunity in Plant
The causes of disease and death in plants are limited to three main reasons:

1. The dangerous enemies: including the grazing animals, insects, fungi, bacteria and 
viruses .... etc. 

2. The unsuitable conditions: including high temperatures, excessive cold, increase or 
decrease in the amount of water and deficiency of nutrients, and unsuitable soil ..etc.  

3. The toxic substances: such as smoke and toxic fumes, insecticides, the untreated 
sewage, and flowing from factories to the rivers and irrigation water.

The first factor often causes severe damage destroying the life of the plant or causing 
dangerous diseases, whereas the results of the second and third factors can be avoided 
or treated by demise their causes, although some elements of the third reason may be 
lethal to the plant.

How does the immune system work in the plant?

The plants defend themselves against pathogens through two ways; the first way is 
the achievement of some mechanisms through their own structures known as Structural 
immunity and the second way by responding to secrete chemical substances known as 
Biochemical immunity.

Due to the importance of the plants to humans, so, the human uses methods and 
introduces means to protect the plant from diseases such as the using of the herbicides 
to protect the plant from the harmful weeds, as well as struggling with the insects in 
different ways or stimulating the plant to resist disease known as acquired immunity 
and producing strains of plants resistant to diseases and insects through plant breeding 
or by using the genetic engineering. 

The activation compounds of protection and resistance can transfer from one cell to 
another in a regular manner through the transport system in the plant which corresponds 
to the blood vessels in animals.

First: The Structural immunity: 
It acts as the first line of defence to prevent pathogens from entering and spreading 

inside the plant, It is a natural barriers which include two types:
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a) The structural immune pre-existing in the plant (Pre-existing structural defences).
b) The structural immune resulting as response to an infection (Induced structural 

defences)

A) Pre-existing structural defenses
This structural defences is represented by the following:

1. The epidermal cells of the plant.
 The epidermis act as the first bulwark in the resistance. They may be covered with 

waxy layer forming water-repellent surface so, the water does not settle on the 
surface, therefore the suitable environment for growth of fungi and reproduction of 
bacteria is not available. 

 Also, the epidermis may be covered with hairs and thorns to avoid the accumulation 
of water or being eaten by grazing animals and thus the chance of infections with 
disease decreased.

2. The cell wall:
 The cell wall represents the outer protection of the cells, especially the epidermal 

layer, which consists mainly of cellulose, and after thickening by lignin that makes it 
so difficult for the pathogens to penetrate. 

B) Induced structural defences
It is represented by the following:

1. The cork formation 
 The cork layers are formed to isolate areas that exposed to cut or tearing due to the 

increase in the thickening of the plant during its growth , the collection of fruits, 
because of the fall of the leaves in the autumn or due to the human and animal 
encroachment, and that prevents the entry of the pathogen to plant.

2. The Formation of tyloses
 Tyloses are overgrowths of the protoplast of adjacent living parenchymatous cells 

which protrude into xylem vessels and tracheid through pits. They formed as the 
result of exposure of the vascular system to cut or to invasion of pathogens, to 
obstruct the movement of these organisms to the other parts of the plant.
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3. The Deposition of gums
 The infected plants by wounds or cuttings secrete the gum within the cells surrounding 

the locus of infection, to prevent the entry of microbes inside the plant.

4. Cellular immune structures
 Some morphological changes occur as a result of the invasion, such as:

- Swelling the cell walls of the epidermal cells and the cells under the epidermis during 
the direct penetration of the pathogen, leading to inhibition of the penetration process 
through those cells.

-  Surrounding the mycelium which attack the plant with an insulator cover to prevent 
the transmission of the fungus from cell to another.

5. Getting rid of the injured tissue
 The plant gets rid of the infected tissue, also known as Hypersensitive Response, 

thus the plant kills some tissues to prevent pathogen to spread to the surrounding 
tissues so, the plant can get rid of the pathogen by the death of the injured tissue.

Second: The Biochemical immunity (Biochemical defences)
The Immunological mechanisms include the following:

1. The Receptors that recognize the presence of the pathogen and activate the plant 
defenses.

 These compounds are found in healthy and infected plants, but the concentration 
increases in the plants after the infection.

 The function of these compounds are stimulating the Innate immune system in the 
plant.

2. Antimicrobial chemicals: 
 Some plants secrete chemical compounds to resist pathogens. 

 These compounds may be already found in the plant before the infection or formed 
due to the infection. From these compounds:

- Phenols, Glycosides: They are toxic chemical compounds that kill pathogenic 
organisms such as bacteria or inhibit their growth.
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- Production of non-protein amino acids: These acids do not enter in the structure 
of proteins in the plants, but they act as a protective substance for the plant, they 
include toxic chemical compounds to the pathogens, for example Canavanine and 
Cephalosporin

3. Antimicrobial  proteins
 Some plants produce proteins that were not present in the plant but the produced as 

a result of infection and react with the toxins produced by pathogenic organisms and 
change it into a non-toxic compounds to the plant. Sometimes the plants produce 
some enzymes known as Detoxifying enzymes, where these enzymes interact with 
the toxins produced by pathogens and invalidate their toxicity.

4. Inducible post-infection 
 Some plants promote and strengthen their defences after the infection in order to 

protect themselves from any new infection. 
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Immunity in human

Human immune system

The organs of the immune system are positioned throughout the body. 
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المناعة فى الانسان
 Human immune system   الجهاز المناعى فى الانسان

ببع�شها  اأج��زاوؤه  ترتبط  لا  اأى  الاأج��زاء,  متناثر  جهاز  هو 

اأو  الجهازاله�شمى  فى  كما  متتالية  ت�شريحية  ب�شورة  البع�ض 

اأجزاء متفرقة فى اأنحاء  اأو الدوري, فهو يتكون من  التنف�شى 

ب�شورة  البع�ض  بع�شها  مع  وتتعاون  تتفاعل  ولكنها  الج�شم, 

متنا�شقة متناغمة, وبهذا يعتبر من الناحية الوظيفية وحدة 

الاع�شاء  المناعى  الجهاز  اأع�����ش��اء  على  ويطلق  واح���دة. 

اللمفاوية لاأنها تعد  موطن للخلايا الليمفاوية وهى المكونات 

الرئي�شة للجهاز الليمفاوى. ومن اأهم مكوناته مايلي: 

Lymphoid organs أولا: الاعضاء الليمفاوية

هذه الاأع�شاء تحتوى اأعداد غفيرة من الخلايا الليمفاوية وفيها يتم ن�شج و تمايز الخلايا الليمفاوية. و 

من هذه الاع�شاء: 

أ- نخاع العظام Bone marrow : هو ن�شيج يوجد داخل العظام 

وال�شلوع  الفقرى  والعمود  والجمجمة  والق�ض  الترقوة  مثل  الم�شطحة 

وال�شاق  الفخد  كعظام  الطويلة  العظام  وروؤو���ض  والحو�ض,  والكتف 

والبي�شاء  الحمراء  ال��دم  خلايا  اإنتاج  عن  الم�شوؤول  وه��و   , والع�شد 

و�شفائح الدم.

الق�شبة  على  تقع   :  Thymus gland التيموسية  الغدة  ب- 

التيمو�شين  هرمون  وتفرز  الق�ض,  عظمة  وخلف  القلب  اأعلى  الهوائية 

الى  الجذعية  الليمفاوية  الخلايا  ن�شج  يحفز  ال��ذى   Thymosin

الخلايا التائية T  وتمايزها الى اأنواعها المختلفة  داخل الغدة التيمو�شية. 

�سكل )1( الجهاز المناعى للإن�سان

�سكل )2( الغدة التيمو�سية

Fig. (1) Human immune system
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The parts of this system are scattered, means  its parts are not linked to each other 
in anatomical succession as that in digestive system , respiratory system or circulatory 
system, it consists of different parts throughout the body, but they interact and cooperate 
with each other in a harmonious coordinated  manner. So the organs of the immune 
system functionally act as one unit and called the lymphoid organ because they are 
home to lymphocytes, which are the main components of the lymphatic system. The 
most important components include the following:

Firstly: The Lymphoid organs 
These organs contain large numbers of lymphocytes where maturation and 

differentiation of lymphocytes take place, from these organs:

a) Bone marrow
 It is a tissue inside the flat bones such as the clavicle, the sternum , the skull, the 

vertebral column , the ribs, the shoulder, the pelvis, and also the heads of the long 
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bones as the bones of the femur, the tibia and the humerus, which are responsible for 
the production of red blood cells, white blood cells, and blood platelets.

b) Thymus gland: 
 It is located on the trachea above the heart and 

behind the sternum bone, and secrete Thymosin 
hormone that stimulates maturity of lymphoid 
stem cells to T- cells and their differentiation into 
different types inside the Thymus gland.

c) The spleen: 
 It is a small lymphoid organ, it’s size is not 

more than the fist, and its dark red and located 
in the upper left side of the abdominal cavity. It 
plays an important role in the body’s immunity, 
since it has a lot of specialized white blood 
cells called macrophages which pick up all that 
is strange about the body, whether microbes or 
foreign bodies or senescent somatic cells as that 
of senescent red blood cells and disintegrate it 
to its components to be disposed by the body, 
and also contains other white blood cells called 
lymphocytes, which release a special proteins in 
the blood known as anti-bodies which holds the defense of the mission which defend 
the body against germs and viruses

d) Tonsils: 

 Tonsils are two specialized  lymphoid glands located on 
both sides of the rear portion of the mouth. The tonsils pick 
up any microbe or foreign body that may enter with food 
or air and prevent its entry into the body, and thus works to 
protect the body.
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عبارة عن ع�شو ليمفاوى �شغير   :spleen جـ- الطحال 

لا يزيد حجمه عن “قب�شة اليد”, ولونه احمر قاتم يقع فى 

3(. ويلعب  الجانب العلوى الاأي�شر من تجويف البطن )�شكل 

من  الكثير  على  يحتوى  حيث  الج�شم  مناعة  فى  مهما  دورا 

الخلايا  ت�شمى  التى  المتخ�ش�شة  البي�شاء  ال��دم  خلايا 

البلعمية الكبيرة وتقوم بالتقاط كل ما هوغريب عن الج�شم 

ج�شدية  خلايا  اأو  غريبة  اأج�شام  اأو  ميكروبات  كانت  �شواء 

الى  ويفتتها  الم�شنة  الحمراء  الدم  ككريات  )م�شنة(  هرمة 

الخلايا  ت�شمى  اأخ��رى  بي�شاء  دم  خلايا  على  يحتوى  اأن��ه  كما   , الج�شم  منها  ليتخل�ض  الاأول��ي��ة  مكوناتها 

عن  الدفاع  مهمة  تتولى  التى  الم�شادة  بالاأج�شام  تعرف  الدم  فى  خا�شة  بروتينات  تطلق  التى  الليمفاوية 

الج�شم �شد الجراثيم والفيرو�شات.

تقعان على  ليمفاويتان متخ�ش�شان  هما غدتان   :Tonsils اللوزتان  د- 

جانبى الجزء الخلفى من الفم. تلتقط اللوزتان اأى ميكروب اأو ج�شم غريب 

على  تعمل  وبذلك   , الج�شم  اإلى  دخوله  وتمنع  الهواء  اأو  الطعام  مع  يدخل 

حماية الج�شم )�شكل 4(.  

هـ- بقع باير Peyer’s patches: عبارة عن عقد �شغيرة من الخلايا 

المخاطى  الغ�شاء  اأو بقع تنت�شر فى  �شكل لطع  التى تتجمع على  الليمفاوية 

المبطن للجزء ال�شفلى من الاأمعاء الدقيقة, ووظيفتها الكاملة غير معروفة, 

تدخل  التى  للاأمرا�ض  الم�شببة  الدقيقة  الحية  الكائنات  �شد  المناعية  الا�شتجابة  فى  دورا  تلعب  لكنها 

الاأمعاء.

اأو ميكروبات.    اأى مواد �شارة  الليمف من  تقوم بتنقية   :Lymphatic nodes الليمفاوية  العقد  و- 

اأى مر�ض اأو عدوى. وتتواجد  وتختزن خلايا الدم البي�شاء ) الخلايا الليمفاوية ( التى ت�شاعد فى محاربة 

العقد الليمفاوية على طول �شبكة الاأوعية الليمفاوية الموجودة فى جميع اأجزاء الج�شم )تحت الاإبطين, 

راأ�ض  بين  الداخلية...(, ويتراوح حجمها  الج�شم  اأع�شاء  وبالقرب من  الفخذ,  اأعلى  العنق, وفى  على جانبى 

الدبو�ض وبذرة الفول  ال�شغيرة, وتنق�شم العقدة من الداخل اإلى جيوب تمتلىء بالخلايا الليمفاوية البائية 

وحطام  جراثيم  من  به  مما  الليمف  تخل�ض  التى  الملتهمة  والخلايا   ,  T التائية  الليمفاوية  والخلايا   ,  B

الخلايا. يت�شل بكل عقدة ليمفاوية عدة اأوعية ليمفاوية تنقل الليمف اليها من الاأن�شجة لتر�شحه وتخل�شه 

�لطحال

�سكل )3( الطحال

�سكل )4( اللوزتان

Fig. (3) The spleen
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e) Peyer’s patches 
  A small lymphoid cells that accumulate in the form of masses or aggregations spread 

to the mucous membrane lining the lower part of the small intestine. Their full 
function is unknown, but they play a role in the immune response against pathogenic 
microorganisms that enter the intestine. 

f) The lymph nodes
 They purify the lymph from any harmful substances or microbes and store white 

blood cells (lymphocytes) that help in fighting against any disease or infection.

 The lymph nodes present along network of the lymphatic vessels that located in all 
the body parts under the armpits, at the two sides of the neck ,in upper thigh, and near 
the internal body’s organs.

 Their size ranging from a pinhead, to the seed of small beans.

 The node is divided internally into pockets filled with B- lymphocytes, T- lymphocytes, 
and macrophages, that get rid of germs and the debris cells.

 Each lymph node is connected with several lymph vessels that transfer the lymph 
from the tissue to the nodes for the filtration of the lymph to get rid the suspended 
foreign pathogen away from the body.  

.
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شم.  مما يعلق به من م�شببات الا

 Lymphocytes ثانيا: الخلايا الليمفاوية

بالدم,  البي�شاء  ال��دم  خلايا  من   %30-20 حوالى  ت�شكل 

الاحمر,  العظام  نخاع  فى  الليمفاوية  الخلايا  جميع  وتتكون 

ولا تكون لها فى البداية اأية قدرة مناعية, غير اأنها تمر فى 

عملية ن�شوج وتمايز فى الاع�شاء الليمفاوية لتتحول بعدها 

الى خلايا ذات قدرة مناعية �شكل )7(. وهى تدور فى الدم 

اآلياتها  فت�شغل  غريب  ج�شم  اأو  ميكروب  اأى  ع��ن  باحثة 

�شرورالميكروبات  من  الج�شم  لتخل�ض  والمناعية  الدفاعية 

فيه  والاإنت�شار  والتكاثر  الج�شم  غزو  تحاول  التى  الممر�شة 

اأن�شجته وتعطيل وظائفه الحيوية الف�شيولوجية.  وتخريب 

ويوجد ثلاثة اأنواع من الخلايا الليمفاوية فى الدم هى :

نا�شجة,  لت�شبح  فيه  نموها  ت�شتكمل  و  العظام  نخاع  ت�شنيعها فى  يتم   :B- cells البائية  الخلايا   - أ 

فتقوم  الفيرو�ض(,  اأو  البكتريا  )مثل  الج�شم  عن  غريبة  مواد  اأو  ميكروبات  اأى  على  التعرف  هى  ووظيفتها 

بملا�شقة هذا الج�شم الغريب وتنتج مواد م�شادة له Antibodies لتقوم بتدميره. 

ب- الخلايا التائية T-cells: ت�شكل حوالى 80% من الخلايا الليمفاوية, وتن�شج فى الغدة التيمو�شية 

حيث تتمايز الى عدة اأنواع:

Lymph node
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Clusters of immune 
cells intercept 

pathogens that invade 
interstitial fluid

Efferent lymph
vessel

Capsule Afferent
lymph vessel

Fig. (6) Lymph node dissection
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شم.  مما يعلق به من م�شببات الا
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Secondly: The Lymphocytes
They form about 20% : 30% of the white blood 

cells in blood, All Lymphocytes are formed in the 
red bone marrow,

At the beginning they do not have any immune 
ability, but they pass in the process of maturation 
and differentiated in the lymphoid organs after 
that it changes into cells that have the ability of 
immunization.(Fig. 7)

They revolve in the blood to research for any 
microbe or foreign body, their defense and immune 
mechanisms to get rid of the pathogenic microbes 
to invade the body, reproduce, and spread through 
it and sabotage its tissue and disruption of its vital 
physiological functions. 

There are three types of lymphocytes in the blood which are:

a) B- cells: are formed in the bone marrow and complete their growth to become mature. 
Their function is the identifying any microbes or foreign materials (such as bacteria 
or virus), then adhere this foreign material and produces antibodies for his material 
to destroyed it.

b) T- cells: form about 80% of lymphocytes, and mature in the thymus gland where 
they differentiate into several types:

1. Helper T cells (TH): activate other types of T cells and stimulate it to do their 
responses, as well as stimulate B cells to produce antibodies

2. Cytotoxic T-cells: (or killer T cell) (Tc): attacking to the foreign cells where. It kills 
carcinogenic cells , the transplanted organs and body cells infected with the virus.

3. Suppressor T-cells (Ts): They regulate the degree of immune response required to 
limit and discourage or inhibit the action of T cells and B cells after elimination the 
pathogen.
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c) Natural killer cells: form about 5% to 10% of lymphocytes in blood, and they are 
produced and mature in the bone marrow.

علم الأحياء للثانوية العامة 90

1- الخلايا التائية المساعدة (Helper T-cells TH): تن�شط الاأنواع الاأخرى من الخلايا التائية 

وتحفزها  للقيام با�شتجاباتها, وكذلك تحفز الخلايا البائية لاإنتاج الاأج�شام الم�شادة.

2- الخلايا التائية السامة )أو القاتلة( (Cytotoxic T-cells TC) : تهاجم الخلايا الغريبة 

حيث تهاجم الخلايا ال�شرطانية والاأع�شاء المزروعة وخلايا الج�شم الم�شابة بالفيرو�ض.

3- الخلايا التائية المثبطة أو الكابحة  (Suppressor T-cells TS): تنظم درجة الا�شتجابة 

الكائن  على  الق�شاء  بعد   B والبائية   T التائية  الخلايا  عمل  تكبح  اأو  وتثبط  المطلوب,  للحد  المناعية 

الممر�ض.

جـ- الخلايا القاتلة الطبيعية Natural killer cells: ت�شكل 5-10% من الخلايا الليمفاوية 
بالدم, ويتم انتاجها ون�شجها فى نخاع العظام )�شكل 8(.

الج�شم  خلايا  مهاجمة  على  القدرة  لها  الخلايا  وه��ذه 

الم�شابة بالفيرو�ض والخلايا ال�شرطانية وتق�شى عليها من 

خلال اإنزيمات تفرزها هذه الخلايا القاتلة.

ثالثا: خلايا الدم البيضاء الأخرى: 

Basophils  والخلايا الحامِ�شية  هى الخلايا القاعدية 

Neutrophils, )�شكل  Eosinophils والخلايا المتعادلة 

9( ويتم التمييز بينها من حجمها و لون الحُبيب�ات الظاهرة 

المهاجمة  الممر�شة  الكائنات  خلايا  تفتيت  فى  رئي�ض  بدور  تقوم  الحبيبات  وهذه  المجهر,  تحت  بداخلها 

الع�دوى  خ�شو�شا  الع�دوى  تك�افح  فهى  ولذلك  الممر�شة  الكائنات  وه�شم(  )ابتلاع  بلعمة  وباإمكانها  للج�شم, 

عدة  اإلى  �شاعات  عدة  بين  تتراوح  ن�شبيا  ق�شيرة  لفترة  الدموية  بالدورة  تبقى  و  الالتهابات,  و  البكتي�رية 

اإلى  وتتحول  الغريبة  الاأج�شام  تدمر  التى    Monocytes النواة  وحيدة  الخ�لايا  الى  بالا�شافة  هذا,  اأيام. 

خلايا بلعمية عند الحاجة, و التى بدورها تلتهم الكائنات الغريبة. 

�سكل )8( خلية قاتلة طبيعية

خلية متعادلةخلية حام�سيةخلية قاعديةخلية ليمفاوية خلية وحيدة �لنو�ة

�سكل )9( اأنواع خليا الدم البي�ساء

Fig. (8) Natural killer cells 

Thurthly: The other white blood cells

They are the basal cell (Basophils), acidic cells (Eosinophils) and neutral cells 
(Neutrophils).They are distinguishable from their size and the color of granules 
phenomenon appeared inside by using the microscope. These granules have the main 
role in the disintegration  of the pathogen’s cells attacking the body, ingest and digest 
the pathogens (phagocytosis) so they struggle the infection specially, the bacterial 
infection and inflammations. They still in the blood circulation for a relatively short 
period ranging from several hours to several days. This, in addition to a single-core 
Monocytes cells that destroy foreign bodies, and change into phagocyte cells when 
needed, and engulf the foreign organisms.
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Fourthly: Macrophages

Including two types:

1. The  fixed macrophages:

They are large phagocyte cells, their 
types and names depend on the tissues 
where they exist. They are found in most 
body tissues and ready to engulf foreign 
particles as well as micro- organisms.

2. Mobile macrophages: 

They offer information which are collected about microbes and foreign particles to 
the  specialized immune cells found in lymph nodes scattered in different body parts. 

Immune cells prepare suitable defense mechanisms such as antibodies and specific 
types of killer cells that deal with these microbes. 

Fifthly: Assisting chemical substances:

These chemicals help and cooperate the specialized mechanisms of the immune 
system; they are many chemicals such as: 

a) Chemokines: They recruit (guide migration) of large circulating phagocyte cells 
which are found in blood with large number to sites of existence of microbes or 
foreign particles to prevent their reproduction and spreading.

b) Interleukins: They mediate communication between different immune cells on one 
hand and between immune system and different body cells on the other hand, they 
help the immune system to perform its defense function. 

c) Complements: Different types of proteins and enzymes that destroy microbes in 
blood after their conjugation with antibodies, they  lyses the membranes of antigens 
and dissolve their content, which makes them easily engulfed by phagocytes.

d) Interferons: These are different types of proteins that are produced and secreted 
by T- lymphocytes, large phagocytes and cells invaded by viruses. Interferons are 
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  :Macrophages  رابعا الخلايا البلعمية الكبيرة

ومنها نوعان:    

1- الخلايا البلعمية الكبيرة الثابتة : ت�شمى 

وهى  فيه  الموجودة  الن�شيج  ح�شب  مختلفة  با�شماء 

ج�شم  لكل  متاأهبة  الج�شم  اأن�شجة  معظم  فى  تتواجد 

غريب يتواجد بالقرب منها.

أو  الـــــدوارة  الــكــبــيــرة  البلعمية  الــخــلايــا   -2

الجوالة : هى الخلايا التى تحمل المعلومات التى تم 

لتقدمها  الغريبة  والاأج�شام  الميكروبات  عن  جمعها 

الغدد  فى  الموجودة  المتخ�ش�شة  المناعية  للخلايا 

والمناعية  الدفاعية  اأدوارها  تلعب  المتخ�ش�شة  المناعية  الخلايا  وهذه  الج�شم,  فى  المنت�شرة  الليمفاوية 

ما  لها  فتجهز  الج�شم,  الى  الداخلة  والميكروبات  الغريبة  الاأج�شام  عن  وافية  معلومات  على  الح�شول  بعد 

ينا�شبها من و�شائل دفاعية مثل الاأج�شام الم�شادة وتخ�شي�ض نوع الخلايا القاتلة الذى �شيتعامل معها.

خامسا المواد الكيميائية المساعدة: 

تتعاون وت�شاعد الاآليات المتخ�ش�شة للجهاز المناعى, وهى كثيرة, نذكر منها ما يلي:

الدم  مع  المتحركة   البلعمية  المناعية  الخلايا  جذب  عوامل  هى   :Chemokines الكيموكينات  أ- 

باأعداد كبيرة نحو موقع تواجد الميكروبات اأوالاأج�شام الغريبة لتحد من تكاثر وانت�شارالميكروب الم�شبب 

للمر�ض.

المناعى  الجهاز  خلايا  بين  ربط  اأو  ات�شال  ك��اأداة  تعمل   :Interleukins الإنترليوكينات  ب-  

الجهاز  م�شاعدة  اإلى  بالاإ�شافة  الاأخ��رى  الج�شم  وخلايا  المناعى  الجهاز  بين  اأخ��رى  جهة  ومن  المختلفة 

المناعى فى اأداء وظيفته الدفاعية.

البروتينات  من  متنوعة  مجموعة  هى   :Complements المكملات  أو  المتممات  سلسلة  جـــ- 

والاأنزيمات تقوم بتدمير الميكروبات الموجودة بالدم بعد ارتباط الاأج�شام الم�شادة بها عن طريق تحليل 

تلتهمها  البي�شاء  كى  الدم  متناول خلايا  لجعلها فى  واإذابة محتوياتها  �شطحها  الموجودة على  الاأنتيجينات 

وتق�شى عليها. 

الليمفاوية  الخلايا  تنتجها  البروتينات  من  اأنواع  عدة  عن  عبارة    :Interferon الإنترفيرونات  د- 

التائية T المن�شطة والخلايا البلعمية الكبيرة وخلايا الاأن�شجة الم�شابة بالفيرو�شات. وهى غير متخ�ش�شة 

Fig. (10) Macrophage�سكل )10( خلية بلعمية كبيرة
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not specific for certain virus, they bind to healthy cells neighboring to the infected 
cells and induce them to produce enzymes and substances that inhibit the action of 
replication enzymes of the virus, thus preventing the virus from reproduction and 
spreading in the body .

Sixthly: Anti- bodies: 

Surface of bacteria cells that invade body tissues have compounds called antigens 
Receptors on the surface of B- lymphocytes recognize and join with antigens on the 
surface of bacterial cells or foreign bodies and produce antibodies. 

علم الأحياء للثانوية العامة 92

بفيرو�ض معين, ترتبط الاإنترفيرونات بالخلايا الحية المجاورة للخلايا الم�شابة والتى لم ت�شب بالفيرو�ض 

يمنع  وبهذا  بالفيرو�ض,  الن�شخ  اإنزيمات  عمل  تثبط  التى  والمواد  الاإنزيمات  من  نوع  انتاج  على  وتحثها  بعد 

الفيرو�ض من التكاثر والانت�شار فى الج�شم.

Antibodies  سادسا الأجسام المضادة

اأو  الم�شت�شدات  اأو  ال�شد  »م��ول��دات  ت�شمى  مركبات  الان�شجة  تغزو  التى  البكتيريا  �شطح  على  يوجد 

والمكونات  الاأج�شام  هذه  على  بالتعرف   B البائية  المناعية  الخلايا  فتقوم   ,«  Antigens الانتيجينات 

عليها  يطلق  والتى  �شطحها  على  الموجودة  المركبات  ارتباط  طريق  عن  )الاأنتجينات(  الج�شم  عن  الغريبة 

الم�شادة   الاأج�����ش��ام  عليها  يطلق  بروتينية  م��واد  بانتاج  تقوم  ث��م  الانتيجينات,  بتلك  »الم�شتقبلات« 

Antibodies )اأو الجلوبيولينات المناعية Immunoglobulins واخت�شارها Ig( وهى م�شممة لت�شاد هذه 

هذه  تقوم  حيث  الج�شم  ع��ن  الغريبة  الاأج�����ش��ام 

الاج�شام الم�شادة وجزيئات »المتممات« بالالت�شاق 

بالبكتيريا  لتجعلها فى متناول خلايا الدم البي�شاء 

منها  ويوجد  عليها.  وتق�شى  تلتهمها  كى  الاخ��رى 

خم�شة اأنواع هي:  

 IgG و IgM  و IgD  و IgE  و IgA 

ت�شادف  البائية  Bعندما  الليمفاوية  والخلايا 

نوع  لاإنتاج  تتخ�ش�ض  منها  مجموعة  كل  مجموعات,  لتكوين  المتكرر  بالانق�شام  تقوم  مرة  لاأول  الاأنتيجينات 

البائية  الخلايا  تهاجم  وبذلك  الاأنتيجينات,  من  واحد  نوع  لت�شاد  تتخ�ش�ض  الم�شادة,  الاأج�شام  من  واحد 

الاأخرى الغريبة عن  الكائنات الحية الدقيقة والجزيئات  اأو الم�شت�شد( على �شطح  الاأنتيجين )مولد ال�شد 

الج�شم, وذلك عن طريق اإنتاج الاأج�شام الم�شادة التى تدور مع مجرى الدم والليمف. 

�سكل )11( اأنواع الأج�سام الم�سادة
Fig. (11) Types of Anti-bodies

Antibodies are specific proteins known as immunoglobulin (Ig), they are five types 
IgG, IgM, IgD, IgE and IgA which circulate in blood and lymph.

Antibodies and complements adhere with bacteria cells to offer them to other white 
blood cells to engulf them , when B – lymphocytes  join with antigens for the first time  
they divide many times to produce groups of cells , each group produce specific type of 
antibodies against specific type of antigen.

Thereby, B-Lymphocytes can invade the antigen and the other foreign molecules.
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Shape and structure of 
antibodies

Antibodies are proteins called immunoglobulins (Igs) that are Y- shaped and present 
in the blood, and the other body fluids of human and the other vertebrates. They are 
produced by antibody-secreting plasma B- cells.

The antibody consists of two pairs of polypeptide chains, two of these chains are long 
and called heavy chains; the other two chains are short and called light chains. fig (12).
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شكل وتركيب الأجسام المضادة
, وتوجد بالدم و�شوائل     Y الم�شادة عبارة عن جلوبيولينات مناعية, تظهر على �شكل حرف     الاأج�شام 

الج�شم الاأخرى بالحيوانات الفقارية والاإن�شان, ويتم اإنتاجها بوا�شطة الخلايا البائية البلازمية.

يتكون الج�شم الم�شاد من زوجين من ال�شلا�شل 

وت�شمى  ط��وي��ل��ة  منهما  اث��ن��ان  ال��ب��روت��ي��ن��ي��ة, 

الاأخ��ري��ت��ان  والاث���ن���ان  الثقيلة,  بال�شلا�شل 

ق�شيرتان وت�شمى بال�شلا�شل الخفيفة, وترتبط 

كبريتيدية  راب��ط��ة  عبر  ببع�شها  ال�شلا�شل 

متماثلين  موقعين  م�شاد  ج�شم  ولكل   . ثنائية 

12( ويختلف �شكل  الاأنتيجين, )�شكل  لارتباط 

وت�شاعد  لاآخ��ر.  م�شاد  ج�شم  من  المواقع  هذه 

هذه المواقع على حدوث الارتباط المحدد بين الاأنتيجين والج�شم الم�شاد الملائم له, بطريقة ت�شبه القفل 

والمفتاح. ويوؤدى هذا الارتباط الى تكوين مركب معقد من الاأنتيجين والج�شم الم�شاد  ويعرف موقع ارتباط 

الاأنتيجين على الج�شم الم�شاد بالجزء المتغير لاأن �شكله يتغير من ج�شم م�شاد لاآخر, اأما الجزء المتبقى من 

الج�شم الم�شاد فيعرف بالجزء الثابت حيث اأنه ثابت ال�شكل والتركيب فى جميع اأنواع الاأج�شام الم�شادة.

ويتحدد تخ�ش�ض كل ج�شم م�شاد من خلال ت�شكيل الاأحما�ض الاأمينية المكونة لل�شل�شلة الببتيدية )تتابع 

الاأحما�ض الاأمينية, واأنواعها, و�شكلها الفراغى .... اإلخ( وذلك فى الجزء التركيبى الم�شئول عن الارتباط 

انتيجين  مع  يتطابق  والذى  المتغير,  الجزء  ذلك  فى  محددة  مواقع  عند  الم�شاد  والح�شم  الاأنتيجين  بين 

ك�شورة مراآة.

طرق عمل الأجسام المضادة :

الاأج�شام الم�شادة ثنائية الارتباط, اأماالاأنتيجينات فلها مواقع ارتباط متعددة, مما يجعل الارتباط بين 

باإحدى  الاأنتيجينات  عمل  باإيقاف  الم�شادة  الاأج�شام  وتقوم  موؤكدا.  اأمرا  والاأنتيجينات  الم�شادة  الاأج�شام 

الطرق التالية:

: Neutralization : 1- التعادل

اإن اأهم وظيفة تقوم بها الاأج�شام الم�شادة فى مقاومة الفيرو�شات هى تحييد الفيرو�شات واإيقاف ن�شاطها . 

ويتم ذلك باأن تقوم الاأج�شام الم�شادة بالارتباط بالاأغلفة الخارجية للفيرو�شات وبذا تمنعها من الالت�شاق 

 Fig. (12)�سكل )12( تركيب الج�سم الم�ساد
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The four chains are joined together by disulphide bonds.

Each antibody has two identical antigen- binding sites; the shape of these sites is 
different from an antibody to another. The binding between an antigen and its specific 
antibody at these sites resembles the lock and its key.  This binding forms an antigen- 
antibody complex. 

The antigen- binding sites are located at the two tips of the Y- shaped molecule and 
is known as the variable regions (v) because the shape varies from antibody to another, 
while the nest of the antibody is known as the constant region (c) because it has a 
constant shape and structure in all types of antibodies.

The specificity of the antibody is determined by the conformation of amino acids 
(their sequence, types and spatial shape ……etc) at the antigen- binding site (the variable 
regions of the polypeptide chains), which is a mirror image of a specific antigen. 
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Mechanisms of antibodies: 

Antibodies have only two antigen- binding sites, whereas as antigens have many 
binding sites, which makes a confirmative binding certain between the antibodies and 
their antigens. Antibodies stop the action of antigens by using one of the following 
mechanisms: 

1. Neutralization 

 The most important function of antibodies in resisting viruses is neutralizing these 
viruses and stopping their activity.  This is done when the antibodies bind to the 
outer coats of the viruses, this binding will prevent the viruses from adhering to the 
membranes of the host’s cells and from spreading or pass inside them. If the viruses 
succeeded in penetrating the host cell membrane, the antibodies will prevent the 
nucleic acid of the virus from coming out of the protein coat and replication inside 
the host cell by keeping the coat intact or sealed. 

2. Agglutination (clumping)

 Some antibodies, such as  IgM has many antigen- binding sites (more than two sites), 
which enable each of them to bind to more than one microbe (antigen); this lead to 
the clumping of microbes on the same antibody, this makes them weaker and liable 
to be engulfed by phagocytes. fig (13).

علم الأحياء للثانوية العامة 94

الاأج�شام  الخلية, فاإن  الفيرو�ض غ�شاء  اإلى داخلها .واإن حدث واخترق  النفاذ  اأو  الخلايا والانت�شار  باأغ�شية 

الم�شادة تمنع الحم�ض النووى من الخروج والتنا�شخ ببقائها الغلاف مغلقا. 

: Agglutination  )2- التلازن )أو الالصاق

 IgM الم�شاد  الج�شم  مثل  الم�شادة  الاأج�شام  بع�ض 

الاأنتيجيات,  مع  الارت��ب��اط  مواقع  من  العديد  تحتوى 

باأكثر من  الواحد منها  الم�شاد  الج�شم  وبالتالى يرتبط 

نف�ض  على  الميكروبات  تجمع  الى  ي��وؤدى  مما  ميكروب 

الج�شم الم�شاد مما يجعلها اأكثر �شعفا وعر�شة لالتهامها 

بالخلايا البلعمية )�شكل 13(.

: Precipitation  3- الترسيب

 , الذائبة  الاأنتيجينات  فى  عادة  ويحدث 

هذه  م��ع  الاأج�����ش��ام  ارت��ب��اط  ي���وؤدى  حيث 

الاأن��ت��ي��ج��ي��ن��ات اإل���ى ت��ك��وي��ن م��رك��ب��ات من 

ذائبة  غير  الم�شاد  والج�شم  الاأنتيجين 

ي�شهل  وب��ذا  را�شبا,  المركبات  هذه  وتكون 

على الخلايا البلعمية Phagocytes التهام 

هذا الرا�شب )�شكل 14(. 

: Lysis 4- التحلل

المتممات  ه��ى  خا�شة  واإن��زي��م��ات  ب��روت��ي��ن��ات  الاأنتيجينات  م��ع  ال��م�����ش��ادة  الاأج�����ش��ام  ات��ح��اد  ين�شط 

بوا�شطة  منها  التخل�ض  في�شهل  محتوياتها  واإذاب��ة  الاأنتيجينات  اأغلفة  بتحليل  فتقوم    Complements

الخلايا البلعمية.

: Antitoxin  5- إبطال مفعول السموم

هذه   . وال�شموم  الم�شادة  الاأج�شام  من  مركبات  وتكوين  بال�شموم  بالارتباط  الم�شادة  الاأج�شام  تقوم 

على  ي�شاعد  كما   , مفعولها  اإبطال  اإلى  يوؤدى   , مت�شل�شلا  تفاعلا  معها  فتتفاعل  المتممات  تن�شط  المركبات 

التهامها من قبل الخلايا البلعمية )�شكل 15(.

�سكل )13( التلزن )الل�ساق(

�سكل )14( التر�سيب

IgM ج�سم م�ساد

بكتيريا

Fig. (13) Agglutination (clumping)

IgM

Bacterium
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3. Precipitation
 This happens in soluble antigens, in which the binding between antibodies and these 

antigens leads to the formation of  insoluble antigen- antibody complexes, which 
form a precipitate, to facilitate its engulfing by phagocytes. Fig (14). 
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بوا�شطة  منها  التخل�ض  في�شهل  محتوياتها  واإذاب��ة  الاأنتيجينات  اأغلفة  بتحليل  فتقوم    Complements

الخلايا البلعمية.

: Antitoxin  5- إبطال مفعول السموم

هذه   . وال�شموم  الم�شادة  الاأج�شام  من  مركبات  وتكوين  بال�شموم  بالارتباط  الم�شادة  الاأج�شام  تقوم 
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�سكل )13( التلزن )الل�ساق(

�سكل )14( التر�سيب

IgM ج�سم م�ساد

بكتيريا

Fig. (14) The Precipitation
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4. Lysis
 The binding between antibodies and antigens activates specific proteins and enzymes 

called complements to lyse the coats of antigens and dissolve their content, which 
makes them easily engulfed by phagocytes. 

5. Antitoxins 
 Antibodies can also bind to toxins and form complexes of antibodies and toxins. 

These complexes activate the complements to react with them in a chain reaction, 
which leads finally to detoxifying them and also makes them readily engulfed by 
phagocytes. Fig (15).
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آلية عمل الجهاز المناعى فى الانسان
كيف يقى الجهاز المناعى الجسم من الكائنات الممرضة؟

يعمل الجهاز المناعى وفق نظامين مناعيين :    

- المناعة الطبيعية )غير المتخ�ش�شة اأو الفطرية( 

- المناعة المكت�شبة ) المتخ�ش�شة اأو التكيفية(

هذين النظامين المناعيين على الرغم من اأنهما مختلفان اإلا اأنهما يعملان بتعاون وتن�شيق مع بع�شهما, فكل 

واحد من هذين النظامين يعمل وفق اآليات مختلفة تقوم بتن�شيط رد الفعل المناعى للنظام المناعى الاآخر, 

وهذا ي�شمح للج�شم التعامل بنجاح مع الكائنات الممر�شة. 

أولا: المناعة الطبيعية )غير المتخصصة أو الفطرية(

  Natural (non-specific or innate) immunity 

هى مجموعة الو�شائل الدفاعية التى تحمى الج�شم, وتتميز باإ�شتجابة �شريعة وفعالة لمقاومة ومحاربة 

اأى ج�شم غريب يحاول دخول الج�شم, وهذه الو�شائل الدفاعية غير متخ�ش�شة �شد  اأو  اأى ميكروب  وتفتيت 

نوع معين من الميكروبات اأو الاأنتيجينات . 

وتمر عملية المناعة الطبيعية بخطين دفاعيين متتاليين هما:

1- خط الدفاع الأول: يتمثل فى مجموعة من الحواجز الميكانيكية او الطبيعية بالج�شم مثل الجلد 

منع  هى  الخط  لهذا  الاأ�شا�شية  والوظيفة  بالمعدة.  الهيدروكلوريك  وحم�ض  والعرق  والدموع  والمخاط 

الكائنات الممر�شة من دخول الج�شم.
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Fig. (15) Antitoxins
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The Immune system 
mechanism in Man 

How the human body protects itself from pathogen? 

There are two systems of immunity in man: 

1. Natural (non-specific or innate) immunity 

2. Acquired (specific or adaptive) immunity:

Although the two systems of immunity are different, they work together in a 
cooperation and harmony, in which each of them uses different mechanisms that activate 
the immune response of the other system, i.e., they activate each other to help the body 
to deal successfully with pathogens.   

First: Natural (non-specific or innate) immunity 
This immunity is a group of defense mechanisms that protect the body and is 

characterized by rapid, effective response to resist, fight and destroy any microbe or 
foreign body that invades the body, these mechanisms are nonspecific against specific 
type of microbes or antigens and can be classified into three lines of defense, as follows:  

1. The first line of defense:  which includes a group of physical or natural barriers in 
the body such as the skin, mucus, tears, sweat, and hydrochloric acid of the stomach. 
The main function of this line is preventing pathogens from entering the body. 

a) The skin: which is characterized by a tough horny layer on its surface, which 
acts as a barrier that difficult to be penetrated or to pass through. Also, the sweat, 
secreted by the sweat glands on the skin surface, can kill most of the microbes 
because of its salinity.

b) The Cerumen (ear’s wax): a substance secreted by the ears that can kill microbes, 
thus protecting the ears. 

c) The Tears: which protect the eye from microbes because it contains antimicrobial 
substance. 
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d) The Mucus in the respiratory tracts: which is a viscous fluid that lines the 
respiratory bronchi to adhere with the microbes, mucus traps microbes and foreign 
bodies, entering with air, then the mucus together with the trapped microbes is 
expelled to the outside of the body by the action of the  beating cilia lining these 
tracts. 

e) The Saliva: which contains substances that kill microbes, in addition to enzymes 
that can dissolve such microbes.

f) The acidic gastric juice: the epithelial lining of the stomach produces and secretes 
the strong hydrochloric acid that can kill microbes entering with food.

2. The second line of defense:

 This system acts if pathogens succeeded in penetrating the first line of defense and 
invaded body tissues through a slash in the skin, for example. This line of defense is 
different from the first line in being internal one, in which the body uses successive 
nonspecific mechanisms that surround the invading microbes within seconds or 
minutes to prevent the microbes from spreading. These mechanisms start by a severe 
inflammation.

 Inflammatory response:  which is a nonspecific defense mechanism in the area of 
injury as a response to the damage of tissues caused by the injury or by the infection. 
Fig (16). Inflammation is an immediate response of the body tissues injured by a 
foreign body like bacteria, in which some changes take place in the area of injury, 
where the blood vessels dilate to the maximum limit because of secreting large 
quantities of inflammation - generating substances, the most important one is the 
histamines, some interleukins and other substances that are secreted by specific 
cells like mast cells, eosinophils, and T- lymphocytes, these substances increase the 
permeability of arterioles and capillaries to blood fluids which then leak from the 
blood circulation,  leading to the swelling of tissues in the site of injury, and it also 
allows the passage of chemicals that kill and dissolve bacteria to the site. The increase 
in the permeability of blood vessels also enables white blood cells as neutrophils, 
Monocytes and Macrophages to fight and kill foreign bodies and microbes.
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 ثانيا : المناعة المكتسبة )المتخصصة أو التكيفية( :

  :Acquired (specific or adaptive immunity

دفاع   خط   اإلى  يلجاأ  هنا   الج�شم  فاإن   الغريب  الج�شم  من  التخل�ض  فى  الثانى   الدفاع  خط  اأخفق   ما  اإذا 

التخ�ش�شية   الدفاعية  الو�شائل  من  ب�شل�شلة  لذلك  ت�شتجيب  والتى  الليمفاوية  ثالث ممثلا فى الخلايا 

الو�شائل الدفاعية مجتمعة بالا�شتجاب�ة  الكائن الم�شبب للمر�ض. وت�شمى هذه  التى تقاوم ذلك  )النوعية( 

خلال  من  )النوعية(  التخ�ش�شية  اأو  المكت�شبة  المناعة  وتتم   The immune response المن�اعي�ة 

اآليتين منف�شلتين �شكلياً لكنهما متداخلتان مع بع�شهما البع�ض وهما :

أ- المناعة الخلطية أو المناعة بالاجسام المضادة  

Humoral or antibody-mediated immunity

وكذلك  والفيرو�شات,  )كالبكتيريا  الممر�شة  والكائنات  الاأنتجينات  �شد  الج�شم  عن  بالدفاع  تخت�ض 

فى  وتتلخ�ض  الم�شادة,  الاأج�شام  بوا�شطة  والليمف(  االدم  )بلازما  الج�شم  �شوائل  فى  الموجودة  ال�شموم( 

الخطوات التالية:

الخلايا  تتعرف  الج�شم,  الى  معيّن  )م�شت�شد(  اأنتيجين  �شطحه  على  حاملا  ممر�ض  كائن  دخول  عند   -1

الليمفاوية البائية على هذا الاأنتيجين الغريب عن الج�شم )فكل خلية لمفاوية بائية عالية التخ�ش�ض � اأى 

الاأنتيجين  على  البائي���ة  اللمفاوي���ة  الخلي����ة  تتعرف  وعندما  فق�ط(.  واحد  معين  لاأنتيجين  ت�شتجيب 

Fig. (16) 
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In addition of interferons and the natural killer cells (NK) as components of the 
second line of defense. 

Second: Acquired (specific or adaptive) immunity:
 If the second line of defense failed in getting rid of the foreign body, the body will 

use a third line of defense that includes lymphocytes that respond to this by a series of 
specific defense mechanisms that resist the pathogen. These defense mechanisms are 
collectively called the immune response. This acquired (specific) immunity is done 
through two separate mechanisms that are actually interconnected with each other. 
These two mechanisms are:

A) Humoral or antibody-mediated immunity: 
This mechanism defends the body against antigens, pathogens (like bacteria, 

viruses, and toxins) present in the body fluids (blood plasma and lymph), by producing 
antibodies. This is done on the following steps: fig (17) 

1. When a pathogen enters the body carrying on its surface a specific antigen, the 
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B- lymphocytes recognize this antigen (each B- lymphocyte is very specific and 

can respond to a single specific antigen). When the B- lymphocyte recognizes its 

specific antigen, it attaches itself to the antigen by using the immune receptors 

(cluster of differentiation) (CD19, CD20, and CD21) present on the surface of the 

B-lymphocytes. CD stands for Cluster of Differentiation. 

2. At the same time, the macrophages engulf the antigen and digest it by its lysosomal 

enzymes into fragments, these fragments bind inside the macrophages to a protein 

called major histocompatibility complex (MHC2), then the complex resulting from 

the binding between the antigen and the MHC2 transfers to the plasma membrane 

of the macrophage to be presented on its outer surface to the T helper lymphocytes 

(TH).
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الخ����ا�ض بها فاإنها تل�شق نف�شها به بوا�شط����ة الم�شتقب���لات المناعي��ة  (CD19، CD20، CD21) الموجودة 

على �شطحها. 

انزيمات  بوا�شطة  تفكيكه  و  الاأنتيجين  بابتلاع  الكبيرة  البلعمية  الخلايا   تقوم  الوقت,  نف�ض  فى   -2

اللي�شو�شوم الى اأجزاء �شغيرة, ثمّ ترتبط هذه الاأجزاء داخل الخلايا البلعمية الكبيرة ببروتين يطلق عليه 

  .(Major MHC2 histocompatibility complex)  بروتين التوافق الن�شيجى

البلازمى للخلايا   الغ�شاء  الى �شطح   MHC2 ال�  ارتباط الانتيجين مع  الناتج من  المركب  بعد ذلك ينتقل 

البلعمية الكبيرة, اأى يتم عر�شه على �شطحها الخارجى.

الن�شيجى   التوافق  بروتين  خلال  من  الاأنتيجين  هذا  على   TH الم�شاعدة   التائية  الخلايا  تتعرف   -3

ذلك  بعد  لتقوم  تن�شيطها  فيتم  المركب  بهذا  ترتبط  ثم  البلعمية  الخلية  �شطح  على  الموجود   MHC2

�شطحها  على  تحمل  التى    B البائية  الخلايا  بتن�شيط  تقوم  انترلوكينات  تدعى  بروتينية  مواد  باإطلاق 

 .MHC2  الاأنتيجينات المرتبطة مع بروتين الثوافق الن�شيجى

)ملحوظة: لات�شتطيع الخلايا التائية الم�شاعدة  TH اأن تتعرف على الاأنتيجين اإلا بعد معالجته بوا�شطة 

.)MHC2 الخلايا  البلعمية الكبيرة وعر�شه على غ�شائها البلازمى مرتبطا مع جزيئات

خلايا  الى  النهاية  فى  وتتمايز  والت�شاعف,   بالاإنق�شام  عملها  المن�شطة    B البائية  الخلايا  تبداأ   -4

Plasma cells  التى تنتج كميات  Memory cells , والعديد من الخلايا البلازمية  ليمفاوية بائية ذاكرة 

كبيرة من الاأج�شام الم�شادة التى تدور عبر الاأوعية اللمفاوية ومجرى الدم لتحارب العدوى. وتبقى خلايا 

الذاكرة لمدة طويلة )20-30 �شنة( فى الدم لتتعرف على نوع الاأنتيجين ال�شابق اذا دخل ثانية الى الج�شم 

حيث تنق�شم وتتمايز الى خلايا بلازمية تفرز اج�شاما م�شادة له وبالتالى تكون الا�شتجاب �شريعة.

Fig. (17) 

Antigen-presenting macrophage 
displays antigen fragments on 

surface receptors.

Macrophage digests
antigen in lysosome

Macrophage engulfs antigen

Membrane
proteins Lysosome Antigen

Nucleus

3. The T helper lymphocytes (TH) will recognize the antigen by the MHC protein 
present on the surface of macrophages and bind to the antigen- MHC2 complex. 
Fig (18). This binding will activate the TH to release interleukins, that will activate 

the B cells carrying on its surface the antigens bound to the MHC2 (N.B. The TH can 
recognize antigen only after being treated by the macrophages and presenting it on 
its outer surface bound to the MHC2). 

4. The Active B cells will divide, multiply and differentiate into memory cells and plasma 
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cells, which produce large amounts of antibodies, which pass through lymph vessels 
and blood circulation to fight the infection.  Memory cells will remain in the blood 
for long periods (20-30 years) to recognize the same antigen if it re-entered the body, 
where they divide and differentiate into plasma cells that secrete antibodies specific 
for the same antigen making a rapid response (faster than the first response to the first 
infection). 

5. The antibodies produced by the plasm cells will reach the blood circulation through 
the lymph, where they bind to the antigens found on the surface of the invading 
pathogens, this will activate the macrophages to re-engulf these antigens. This will 
continue for days or weeks. 
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ثم  الليمف,  طريق  عن  الدموية  الدورة  الى  البلازمية  الخلايا  اأنتجتها  التى  الم�شادة  الاأج�شام  ت�شل   -5

الكبيرة فتقوم  البلعمية  الممر�شة فيثير ذلك الخلايا  الكائنات  الموجودة على �شطح  بالاأنتيجينات  ترتبط 

بالتهام هذه  الاأنتيجينات من جديد, وت�شتمر هذه العملية لعدة اأيام اأو اأ�شابيع )�شكل 18(. 

الخلايا  تدمير  فى  الكفاية  فيه  بما  فعالة  غير  تكون  البلازمية  الخلايا  تكوّنها  التى  الم�شادة  والاأج�شام 

اأغ�شية الخلايا  الغريبة مثل الخلايا الم�شابة بالفيرو�ض.  فالاأج�شام الم�شادة غير قادرة على المرور عبر 

يتكاثر الذى  الفيرو�ض  الى  الو�شول  وبالتالى فهى لات�شتطيع  ن�شبياً  الكبيرة  ب�شبب جزيئاتها 

.T وفى هذه الحالة تتم مقاومة هذه الخلايا الغريبة بوا�شطة الخلايا الليمفاوية التائية

ب- المناعة الخلوية أو المناعة بالخلايا الوسيطة :  

:Cellular or cell-mediated immunity

هى الا�شتجابة  المناعية  التى  تقوم  بها  الخلايا الليمفاوية التائية  T بوا�شطة الم�شتقبلات الموجودة 

على اأغ�شيتها التى تك�شبها الاإ�شتجابة النوعية للاأنتيجينات, حيث  تنتج كل خلية تائية اأثناء عملية  الن�شج  

يمكنه   الم�شتقبلات   هذه  من  نوع  كل  فاإن  وبذلك  بغ�شائها   الخا�شة     Receptors الم�شتقبلات  من   نوعا 

الارتباط  بنوع  واحد من الاأنتيجينات. ويمكن تلخي�ض هذه الاآلية كما يلى:

الكبيرة  البلعمية  الخلايا   فاإن  الج�شم,  الى  الفيرو�شات(  او  )البكتيريا  الممر�ض  الكائن  دخول  عند   -1

الكبيرة  البلعمية  الخلايا  داخل  الاأج��زاء  هذه  ترتبط  ثم  �شغيرة  اأج��زاء  الى  تفككه  ثم  بابتلاعه  تقوم 

 MHC2 �بعد ذلك ينتقل المركب الناتج من ارتباط الانتيجين مع ال . MHC2 ببروتين التوافق الن�شيجى

الى �شطح الغ�شاء البلازمى للخلايا  البلعمية الكبيرة, اأى يتم عر�شه على �شطحها الخارجى. 

Fig. (18) 
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 The antibodies produced by plasma cells are not effective enough to destroy foreign 
cells such as the cells infected by viruses because these antibodies are relatively large 
sized molecules that cannot reach the virus inside the cell. In this case the foreign 
bodies will be combated by the T lymphocytes.

B) Cellular or cell-mediated immunity:
This is the immune response done by T lymphocytes, which is done by the receptors 

found on its membranes that give it a specific response to antigens. Each T cell can 
produce during its maturation a specific type of receptors specific to its membrane, each 
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of these receptors can bind to a single type of antigens (presented by the macrophages). 
This mechanism can be summarized as the following: Fig (19).

1. When the pathogen (bacteria or virus) enters the body, the macrophages will engulf 
it and decompose it into small fragments that bind inside the macrophage to MHC2. 
The antigen- MHC2 complex will transfer to the plasma membrane of the cell to be 
presented on its outer surface.

2. The T helper lymphocytes (TH) which has the receptor CD4 in its membrane will 
bind to the antigen-MHC2 complex presented on the surface of the macrophage, 
when its CD4 receptor binds to this complex. This binding will activate the (TH) 
cells. The activated TH cells will release interleukins to activate the (TH) bound to 
the antigens to divide to form a strain of activated TH cells and memory TH cells, 
that last in the blood for long times to recognize the previous antigen if it entered the 
body again.  
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التائية  ال��خ��لاي��ا  ترتبط   -2

تتميز  والتى   -  TH الم�شاعدة 

على    CD4 الم�شتقبل   ب��وج��ود 

من  الناتج  بالمركب    - غ�شائها 

 MHC2 �ارتباط الانتيجين مع ال

الخلايا  �شطح  على  يظهر  ال��ذى 

تتقابل  عندما  الكبيرة  البلعمية 

بم�شتقبلها CD4 مع هذا المركب, 

ث���م ت���ق���وم ال���خ���لاي���ا ال��ت��ائ��ي��ة 

الخلايا  بتن�شيط  لتقوم  انترلوكينات  تدعى  التى  البروتينية  المواد  باإطلاق  المن�شطة   TH الم�شاعدة 

المن�شطة   TH الم�شاعدة  التائية  الخلايا  �شلالة من  لتكون  بها كى تنق�شم  ارتبطت  التى  الم�شاعدة  التائية 

وخلايا TH ذاكرة تبقى لمدة طويلة فى الدم لتتعرف على نوع الاأنتيجين ال�شابق اذا دخل ثانية للج�شم. 

السيتوكينين التى  اأنواع من بروتينات  المن�شطة بافراز عدة   TH كما تقوم الخلايا التائية الم�شاعدة 

تعمل على:

غفيرة.  باأعداد  الا�شابة  مكان  الى  الكبيرة  البلعمية  الخلايا  • جذب 

الخلايا  وكذلك  التائية  الليمفاوية  الخلايا  من  الاأخ��رى  والاأن��واع  الكبيرة  البلعمية  الخلايا  تن�شيط   •

البائية, وبالتالى يتم تن�شيط اآليتى المناعة الخلوية والخلطية.

اأو  ال�شرطانية  كالخلايا  الطبيعية  غير  الج�شم  خلايا  لمهاجمة  الطبيعية  القاتلة  الخلايا  تن�شيط   •

الخلايا الم�شابة بالكائنات الممر�شة.

MHC2. الج�شم والذى يكون مرتبطاً مع البروتين عن  الغريب  الاأنتيجين  على  • التعرف 

3- تتعرف الخلايا التائية القاتلة اأو ال�شامة TC  بوا�شطة الم�شتقبل  CD8  الموجود على �شطحها على  

الاأج�شام  الغريبة  �شواء كانت اأن�شجة مزروعة فى الج�شم  اأو اأنتيجينات  الميكروبات التي   تدخل  الج�شم,  

اأو الخلايا  ال�شرطانية  

الج�شم  ذلك  غ�شاء   بت�ث�قيب    تقوم   فاإنها    بالاأنتيجين   الخلايا   هذه  ترتبط  فعندما  عليها,   تق�شى  و 

ي�شمى   م��ع��ي��ن  ب��روت��ي��ن   اإف�����راز  ب��وا���ش��ط��ة   م��ث��لا(  ال�����ش��رط��ان��ي��ة   ال��خ��لاي��ا  اأو  )ال��م��ي��ك��روب  ال��غ��ري��ب 

افراز  بوا�شطة  اأو   ,) performing  protein الثقوب  صانع  )أوالبروتين   Perforin  البيرفورين

�شموم ليمفاوية تن�شط جينات معينة فى نواة الخلايا الم�شابة مما يوؤدى الى تفتيت نواة الخلية وموتها.

 Fig. (19)�سكل )19( المناعة الخلوية
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Antigen

The activated T helper cells also secrete  different types of the proteins cytokines that 
do the following: 

a) Attract the macrophages to the site of infection in large amounts.

b) Stimulate the macrophages and other types of T lymphocytes and B lymphocytes, 
therefore activating both cellular and humoral immunity.

c) Activating the natural killer cells to attack the abnormal body cells like cancer cells 
or cells infected by pathogens. 
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d) Recognize the antigens bound to the MHC2. 

e) Activate the cytotoxic T cells (TC). 

3. The cytotoxic T cells can recognize foreign bodies by the help of the receptor CD8 
found in its surface, whether these foreign bodies are transplanted tissues or the 
antigens of the microbes that enter the body or cancer cells and destroy them. When 
these cells bind to the antigen, they  create pores in the membrane of the foreign body 
(microbe or cancer cells) by secreting a specific protein called perforin (perforating 
protein), or by secreting lymphatic toxins that activates certain genes in the nucleus 
of the infected cell , leading to the destruction of the nucleus and its death.

4. After destroying the antigens, the T suppressor cells (Ts) bind, with the help of the 
receptor CD8 found in its surface, to plasma cells, T helper cells and T cytotoxic 
cells. 
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بوا�شطة    (TS) المثبطة   التائية  الخلايا  ترتبط  الغريبة,  الاأنتيجينات  على  الق�شاء  يتم  ان  بعد   -4

الم�شقبل  CD8  الموجود على �شطحها مع الخلايا البلازمية والخلايا التائية الم�شاعدة وال�شامة  فيحفزها 

هذا الارتباط على اإفراز بروتينات اللمفوكينات Lymphokins التى  تثبط اأو تكبت الا�شتجابة المناعية 

الخلايا  من  الكثير  موت  وكذلك  الم�شادة  الاأج�شام  اإنتاج  عن  البلازمية  الخلايا  تتوقف  وبذلك  تعطلها,  اأو 

مهياأة  تبقى هناك  اللمفاوية, حيث  بع�شها يختزن فى الاأع�شاء  ولكن  المن�شطة  وال�شامة  الم�شاعدة  التائية 

لمكافحة اأى عدوى مماثلة عند الحاجة.  

�سكل )20( المناعة الخلوية )بالخليا الو�سيطة(

Fig. (20) 
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This binding will help it to secrete proteins called Lymphokines which suppress 
or inhibit the immune response or stop it, therefore, plasma cells will stop producing 
antibodies and many of the T helper cells and the activated T cytotoxic cells will die, but 
some of them will be stored in the lymphatic organs, where they stay ready to combat 
any similar infection when needed. 
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Stages of Acquired immunity

When somebody is infected with a specific disease like measles, he will not be 
infected again by the same disease along his lifetime, because he gains acquired 
immunity against this disease, so, the acquired immunity is the resistance of the body to 
pathogens that infected the body before, and it passes through two stages: 

The first stage: primary immune response

When the immune system encounters a new pathogen, The B and the T cells will 
respond to the antigens of this pathogen and attack it until it is destroyed, this takes a 
longer time since these cells need time to multiply, and this is why the first response takes 
between five to ten days to reach its maximum productivity of B and Y cells. During this 
time, the infection could be widespread and the symptoms of the disease appear.

The second stage: Secondary immune response

If the same individual is infected 
by the same disease gain, the 
immune response will be very fast 
that the pathogen is destroyed before 
the appearance of the symptoms. 
The cells responsible for this 
secondary immune response are 
known as memory cells, which store 
information about the antigens fought 
by the immune system in the past. 

Your body contains both memory B cells and memory T cells, both types of memory 
cells is produced during the primary immune response. B and T cells can survive only 
for few day, but memory cells can live for Tens of years, and may survive till death.

During the second infection with the same pathogen, the memory cells respond to 
the pathogen once it enters the body, where they start dividing quickly to produce large 
amounts of the antibodies, and active T cells within short period of time.
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مراحل المناعة المكتسبة
عندما ي�شاب فرد ما بمر�ض معين مثل الح�شبة, فاإنه لاي�شاب  به مرة ثانية طوال حياته. هل تعرف 

لماذا؟ لاإنه قد اكت�شب مناعة لهذا المر�ض, لذا فالمناعة المكت�شبة هى مقاومة الج�شم للكائنات الممر�شة 

الجديدة اأو التى �شبق له الاإ�شابة بها, وهى تحدث على مرحلتين: 

المرحلة الأولى: الاستجابة المناعية الأولية

Primary immune response 

ًا, فاإن الخلايا البائية والتائية ت�شتجيب لاأنتيجينات   ًا جديد عندما يلاقى الجهاز المناعى كائنًا ممر�ش

ذلك الكائن الممر�ض وتقوم بمهاجمته حتى تق�شى عليه, وهذا ي�شتغرق وقتًا, فهذه الخلايا الليمفاوية فى 

حاجة اإلى الوقت كى تت�شاعف, ولذلك فاإن الا�شتجابة الاأولية ت�شتغرق ما بين خم�شة اإلى ع�شرة اأيام كى 

ت�شل اإلى اأق�شى اإنتاجية من الخلايا البائية والتائية, اأثناء هذا الوقت يمكن اأن ت�شبح العدوى وا�شعة 

الانت�شار وتظهر اأعرا�ض المر�ض.

المرحلة الثانية: الاستجابة المناعية الثانوية
 Secondary immune response 

ًّا  اإذا ما اأ�شيب ذلك الفرد مرة ثانية بنف�ض ذلك الكائن الممر�ض , فاإن الا�شتجابة المناعية تكون �شريعة جد

اإل���ى ال��درج��ة ال��ت��ى غالبًا م��ا يتم فيها 

تدمير الكائن الممر�ض قبل اأن تظهر 

اأعرا�ض المر�ض.

وت���ع���رف ال��خ��لاي��ا ال��م�����ش��ئ��ول��ة عن 

الا�شتجابة المناعية الثانوية بخلايا 

ال���ذاك���رة Memory cells, فهى 

تختزن معلومات عن الاأنتيجينات التى  

حاربها الجهاز المناعى فى الما�شى.  

يحتوى ج�شمك على كل من خلايا  الذاكرة البائية وخلايا الذاكرة التائية, وكلا النوعين من خلايا 

الذاكرة يتكون اأثناء الا�شتجابة المناعية الاأولية, ففى حين اأن الخلايا البائية والخلايا التائية لا تعي�ض 

ًا معدودة, فاإن خلايا الذاكرة تعي�ض ع�شرات ال�شنين  اأو قد يمتد بها الاأجل طول العمر.  اإلا اأيام

اأثناء المجابهة الثانية مع نف�ض الكائن الممر�ض , ت�شتجيب خلايا الذاكرة لذلك الكائن الممر�ض فور 

ًا وينجم عن ن�شاطها ال�شريع اإنتاج العديد من الاأج�شام الم�شادة  دخوله الى الج�شم, فتبداأ فى الانق�شام �شريع

والعديد من الخلايا التائية الن�شطة خلال وقت ق�شير.
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Review Questions

First question:  Choose the correct answer 
1. From the biochemical means of immunity in plants is the …………… (cork 

formation- Phenol formation – gum deposition – Tylosis formation).

2. The lymphoid stem cells mature and differentiate into different types of  T lymphocytes 
in the ………….

 a) Bone marrow        b) Thymus gland            c) Spleen                d)Tonsils

3. The B- lymphocytes are produced and matured in the ………….
 (thymus gland- bone marrow- spleen- tonsils). 
 a) Thymus gland        b) Bone marrow            c) Spleen                       d) Tonsils

4. The lymphocytes that found in the blood are ……….
 a) B-cells     b) T- cells
 c) Natural killer cells   d) All the previous 

5. Lymphocytes which attack carcinogenic cells and transplanted organs are ………..
 a) helper T - cells    b) Toxic T- cells   
 c) suppressor T-  cells   d) All the previous

6. From the cells which have the ability to engulf the microbes and foreign bodies………
 a) macrophages    b) Multinucleated white blood cells
 c) Single nucleated white blood cells d) All the previous

Question 2: Give reasons for: 
 Thickening of the plant cell wall with cellulose and lignin
 Outgrowths extend from the parenchyma cells neighboring the tracheids and enter 

through their pits when the vascular system is cut or invaded by pathogens. 
 Some plants secrete poisonous substances like phenols. 
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 Thymosin hormone plays an important role in the action of the immune system.
 The number of T- suppressor cells increase after destruction of the pathogen. 
 The secretion of Interferons increases in cells infected with viruses. 
 There are many types of antibodies. 
 Tears and saliva are considered as a kinds of natural immunity. 
 Human is infected only once with measles.
 Plants kill some of their infected tissues with microbes.       

Question 3: What happens in each of the following cases?
1. The entry of a microbe with a specific antigen on its surface into the human body. 
2. A part of the plant body is cut.
3. The plant is infected with poisonous bacteria.
4. The deficiency of thymosin hormone in the human body.  
5. The deficiency of interferons in the cells the infected cells with viruses.    

Question 4: Compare between: 
1. Natural and acquired immunity in human.
2. Structural and biochemical immunity in plants.
3. B -lymphocytes and T -lymphocytes. 
4. Cytotoxic T- cells and suppressor T- cells. 
5. Chemokines (cytokines) and interleukins.
6. Complement system and interferons. 
7. Primary and secondary immune responses. 
8. Humoral and cellular immunity.

Question 5: What is meant by:  
1. Biochemical immunity in plants
2. Tyloses 
3. Lymph nodes     
4. T- lymphocytes  
5. Macrophages     
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6. Chemokines.   
7. Interferons     
8. Complement system
9. Inflammatory response      
10. cell- mediated immunity. 

Question 6:  state the site and the function of :
1. Thymus gland    2. Spleen 
3. Tonsils      4. Peyer’s patches   
5. Natural killer cells    6. Cerumen 

The opposite figure shows the structure of the antibody. Use the figure to answer 
the following questions: 
1. Label the opposite figure. 
2. What are the heavy chains and the 

light chains and how they bid to each 
other? 

3. How antibodies differ from one to 
another? 

4. What is meant by the constant and the 
variable regions of the antibody? 

5. How antigen- antibody complex is 
formed?

Question 8: The inflammatory response is produced when a body cell is harmed
a) What is the role of histamine in the inflammatory response?
b) What is the benefit obtained from the involvement of different types of white blood 

cells in in the inflammatory response?

Question 9: Identify the role of memory cells in protecting the body from diseases. 

Question 10: Mention some of the natural immunity mechanisms that represent 
the first line of body defense in man.  
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س6 اذكر مكان ووظيفة كل من : 

1- الغدة التيمو�شية                       2- الطحال                                3- اللوزاتان 

4- بقع باير                                   5- الخلايا القاتلة الطبيعية       6- ال�شملاخ 

س7 الشكل المقابل يوضح تركيب الجسم المضاد، من خلال هذا الشكل أجب عن الأتى : 

اليها  ت�شير  التى  البيانات  اكتب   -1

الاأرقام 

هى  وم��ا  الثقيلة  ال�شلا�شل  ه��ى  م��ا   -2

ترتبط  وك��ي��ف  ؟  الخفيفة  ال�شلا�شل 

ببع�شها ؟ 

3- كيف تختلف الاأج�شام الم�شاده عن 

بع�شها ؟ 

4- ما المق�شود بالجزء الثابت والجزء 

المتغير من الج�شم الم�شاد ؟ 

5- كيف يتكون معقد الاأنتيجن والج�شم الم�شاد ؟ 

س8 تنتج الاستجابة الالتهابية عن اصابة خلية بأذى 

اأ - ما دور اله�شتامين فى الا�شتجابة الالتهابية ؟ 

ب - ما الفائدة من ا�شتجابة اأكثر من نوع من خلايا الدم البي�شاء فى الا�شتجابة الاألتهابية ؟ 

س9 حدد الدور الذى تؤديه خلايا الذاكرة فى حماية الجسم من الاصابة بالأمراض ؟ 

س10 اذكر بعض وسائل المناعة الطبيعية التى تمثل خط الدفاع الأول فى الانسان 

س11 وضح التغيرات الشكلية التى تحدث لخلايا النبات عند اصابتها بالميكروبات 

ثم   .. الانسان  فى  المناعة  جهاز  فى  هاما  دورا  تلعب  ليمفاوية  أعضاء  ثلاث  اذكر  س12 

وضح دور  كل  عضو من هذه الأعضاء فى حماية الجسم   
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Question 11: Mention the morphological changes that take place in the plant cells 
after being infected by microbes..

Question 12: Mention three lymphatic organs that play an important role in the 
immune system in human, then explain the role of each organ  in 
protecting the body.

Questions 13: Explain withdrawing the different types of white blood cells. 

Question 14: Explain the different mechanisms of antibody action. 

Question 15: Describe how lymphocytes identify pathogens and they bind to them?    



At the end of this chapter the student should be able 
to :

 Recognize the role of scientists in knowing the 
genetic material.

 Recognize the structure of the nucleic acid DNA.
 Recognize how DNA is replicated and the importance 

of this to the cells.
 Appreciate the role played by the scientists in 

elucidating the structure of the double helix of DNA 
and its replication.

 State the differences between DNA in prokaryotes 
and eukaryotes.

 Imagine the length of DNA and how it is condensed 
to occupy the small space of the nucleus.

 Recognize the genome.
 Know the mutation and its kinds.
 Discover the causes of mutations and their results.

Chapter One

DNA and Genetic Information

Molecular Biology

Unit Two
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DNA and Genetic 

Information

In the following we will address some fundamental questions of life: What directed 
the single fertilized egg, from which each of us originated to divide, and the resulting 
mass of cells to grow and take shape as a unique individual? What makes each of 
us distinct from other people, but gives us all a basic similarity as members of the 
human species? The answer to all such questions is genetic information. And the units 
of genetic information that govern the inherited characters are called genes. Biologists 
found that at cell division, the chromosomes in the nucleus separate from each other and 
at the end each cell contains the number of chromosomes found in the original cell. This 
convinced biologists that chromosomes were the bearers of genetic information. But, 
chromosomes are composed of two substances: DNA and proteins, but which of them 
carries the genetic information?

Obviously genes must contain a variety of information. It was known that proteins 
are a diverse and complex group of molecules. Proteins contain 20 different kinds of 
amino acid monomers in different combinations, whereas DNA contains only four kinds 
of nucleotide monomers. Thereforem scientists thought at first that proteins carried the 
genetic information, but in the 1940 this was shown to be wrong: DNA contains the 
genetic information. The discovery that DNA is the genetic material led scientists to 
study the molecular basis of inheritance, often called Molecular Biology, one of the 
most exciting and fast-growing fields of modern science.

112
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Evidences that DNA
is the Genetic Material

1. Bacterial Transformation

The first evidence to cast doubt on the belief that genes were made of proteins 
came in 1928 when the British scientist Griffith was studying bacterial pneumonia. He 
discovered that one strain of pneumonia bacteria could be transformed into a genetically 
different strain Fig (1). 
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الأدلة على أن DNA هو المادة الوراثية
(Bacterial Transformation): 1-التحول البكتيرى

اأن الجينات تتكون من البروتين فى عام 1928 حين كان العالم  اأول دليل يثير ال�ضك حول اعتبار    ظهر 

جريفث  اأجرى  وقد  الرئوى.  اللتهاب  لمر�ض  الم�ضببة  البكتيريا  يدر�ض   (Griffith) جريفث  البريطانى 

تجاربه على الفئران )�ضكل 1( م�ضتخدمًا نوعين من �ضلالة البكتيريا الم�ضببة للالتهاب الرئوى وهم���ا :

- �ضلالة مميتة (S): توؤدى اإلى موت الفئران ب�ضبب اللتهاب الرئوى الحاد .

- �ضلالة غير مميتة (R): توؤدى اإلى اإ�ضابة الفئران باللتهاب الرئوى ول ت�ضبب موتها .

الفئران  من  اأخرى  مجموعة  حقن  عند  بينما  فماتت،   (S) ببكتيريا  فئران  حقن  بعد  ذلك  من  تاأكد  وقد 

ببكتيريا (R) فلم تمت .

حقنت مجموعة من الفئران ببكتيريا (S) التى �ضبق قتلها بالحرارة فلم تمت الفئران .

وعندما حقنت مجموعة اأخرى من الفئران ببكتيريا (S) الميتة مع بكتيريا (R) الحية لحظ جريفث 

فح�ض  وعن����د   ، الفئران  بع�ض  م��وت  

 (S) بكتيريا  بها  وجد  الميتة  الفئران 

المادة  اأن  جريفث  ا�ضتنتج   . حية 

قد   (S) بالبكتيريا  الخا�ضة  الوراثية 

 (R) البكت�يريا  داخ���ل  اإل��ى  انتق���لت 

النوع  من  مميتة  بكتيريا  اإلى  وحولتها 

ا�ضم  ال��ظ��اه��رة  ه��ذه  على  اأط��ل��ق   (S)

لنا  يف�ضر  ول��م  البكتيرى(  )التحول 

من  ال��وراث��ي��ة  ال��م��ادة  انتقال  كيفية 

 (R) اإلى بكتيريا (S) بكتيريا

م��ن عزل  وزم���لاوؤه  اإف���رى  وق��د تمكن 

مادة التحول البكتيرى التى ت�ضببت فى 

تحول بكتيريا  غير المميتة اإلى �ضلالة 

تحليل  وعند  المميتة   (S) البكتيريا 

DNA. هذه المادة وجد اأنها تتكون من
 �شكل )1( تجربة جريفث 

  
  

   

  

   
   

Fig. (1) Griffith's experiment

Virulent 
bacteria (S)

Nonvirulent 
bacteria (R)

Nonliving 
virulent 
bacteria (S)

Nonliving bacteria (S)
+ Living bacteria (R)

Living virulent 
bacteria (S)

- One of the two strains he studied was virulent (S) type, that killed mice into which it 
had been injected. 

- The other strain was nonvirulent and did not kill the mice (R) type. He made sure of 
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that.if virulent bacteria which have been killed by heating were injected into mice, the 
mice did not die.

When another group of mice were injected with non-living virulent bacteria (S) 
along with living non-virulent bacteria (R), some mice died and by examining the 
mice, he found that they contain living virulent bacteria(S). Griffith concluded that 
some of the genetic material from the virulent bacteria had entered the nonvirulent 
ones, transforming them to the virulent form. This phenomenon was named bacterial 
transformation, and he didnot explain how the genetic material transformed from (S) 
bacteria to (R) bacteria.

Avery and his colleagues isolated from the virulent bacteria a material that was 
capable of inducing genetic transformation in the nonvirulent bacteria. The chemical 
and physical analysis showed that this material is DNA.

The bacterial transformation experiment can be explained as follows: a strain of 
bacteria absorbed DNA of another strain by a method which is not known till now 
and gained the characteristics of the bacterial strain from which DNA came, and more 
important is that this bacterial transformation of recipient bacteria was transferred to the  
next generations.

Crucial experiment
Anobjection was carried out at fiast that DNA is genetic material. Some which based 

on that the DNA used was hot pure enough out was contaminated with protein, perhaps 
this protein was the transforming material. However, the crucial experiment was carried 
out when an enzyme capable of hydrolysing DNA completely was isolated. This enzyme 
which is called deoxyribonuclease hydrolyses DNA completely but it does not affect 
the proteins or RNA. It was found that when the  transforming material was treated with 
this enzyme, transformation did not occur indicating that DNA is the genetic material.

2. Bacteriophages:
Another evidence that DNA is the genetic material came from studies of bacteriophages 

(phages for short). A virus particle consists of a molecule of DNA inside a protein coat. 
The phage used in these experiments was known to consist of a DNA molecule and a 
protein coat which extends to something like a tail which attaches to the bacterial cell 
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wall. It was observed that after 32 minutes of the attachment of the phage to the bacterial 
cell wall, the bacterial cell burst and comes out of it about 100 new complete phages. It 
is obvious then that some material (or group of materials) passed from the virus to the 
inside of the bacterial cell and caused the formation of new viruses. Thus, this material 
which entered to the inside of the bacterial cell must contain the virus genes.

It is known that DNA contains phosphorus in its structure whereas proteins do not 
and proteins contain sulphur in its structure whereas DNA does not. Hershy and Chase 
made use of this fact in carrying out an important experiment (Fig. 2). They labelled 
phage protein with radioactive sulphur and phage DNA with radioactive phosphorus 
they allow the phage to attack bacteria and they detect the radio active phosphrons and 
radioactive sulphur inside and outside the bacterial cells.
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وال�ضتنتاج من تجارب التحول البكتيرى والتجارب التى اأجريت على الفاج هو اأن الجينات على الأقل تلك 

 DNA. الخا�ضة ببكتيريا اللتهاب الرئوى والفاج - تتكون من

التالى  وال�ضوؤال  التجارب.  عليها  اأجريت  التى  الحية  الكائنات  على  ال�ضتنتاجات  هذه  ق�ضرنا  اأننا  لحظ 

هو: هل كل الجينات عبارة عن DNA؟

DNA فى تركيبها بل ثبت  والإجابة عن هذا ال�ضوؤال بالنفى وذلك لأن هناك بع�ض الفيرو�ضات ليدخل 

اأن RNA هو المادة الوراثية فى هذه الفيرو�ضات ، اإل اأن هذه الفيرو�ضات بالتاأكيد ت�ضذ عن القاعدة حيث 

 
 

 
ا

Fig. (2) Infection of a bacterium by a bacteriophage
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The results of this experiment showed that all viral DNA almost enter to inside the 
bacterial cell, where as viral protein did not enter to inside the bacteria except less than 
3%, which mean that DNA entered to the bacterial cell and push it to build new viruses).

The conclusion from bacterial transformation experiments and the experiments on 
the phage is that the genes, at least those of pneumonia bacteria and the phage are 
composed of DNA. 

Note that we restricted this conclusion to the living organisms on which the 
experiments were carried out and the following question is:

Are all genes composed of DNA? The answer to this question is no, because there 
are some viruses which do not contain DNA in their structure, but contain RNA and 
it was proven that the genetic material in these viruses is RNA. But these viruses are 
exceptions to the rule as they form a small part of the forms of life. And in view of the 
various studies that were carried out till now it is confirmed that DNA is the genetic 
material in nearly all the forms of life.

3. The quantaty of DNA in cells:

There is another evidence that DNA is the genetic material in eukaryotis came from 
measuring the quantity of DNA in different kinds of somatic cells of a certain living 
orgamism as (chicken) it was  found that they are equal, but when the amount of proteins 
in the same cells was measured it was unequal.

And by comparing DNA in somatic cells and in reproductive cells (gametes) of 
the same living organism, it was found that the quantity of DNA in reproductive cells 
(gametes) equal half the amount of DNA in somatic cell. Since the new indvidual 
results from combination of male gamete and female gamete, so each gamete must 
contain half the genetic informations found in somatic cell or the genetic material will 
be doublicated in each generation while this not agree with protein which prove that 
protein not work as agenetic material.

On the other hand, proteins and RNA are constantly being made and destroyed, but 
DNA once made, is remarkably stable.
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The Structure of DNA

By the early 1950's there was strong evidence that DNA carries a cell's genetic 
information of the cell and many people were trying to work out the structure of the 
DNA molecule and make a model of it. Any model of DNA structure must take into 
consideration the following in formations which came out from many experiments: 

1. DNA is made up of nucleotides, a nucleotide is made up of three parts: a five - carbon 
sugar (deoxyribose in the case of nucleotides in DNA), phosphate group connected 
with convalent bond to the sugar's fifth carbon atom and one of four possible nitrogen 
containing bases connected with covalent bond to the sugar's first carbon atom. The 
nitrogen base may be one of the single-ring pyrimidine derivatives thymine (T) or 
cytosine (C) or one of the double ring purine derivatives adenine (A) or guanine (G).

2. When the nucleotides are linked 
together in a strand of DNA, the 
phosphate group attached to the 5 
(pronounced "five prime") carbon 
of the deoxyribose sugar of one 
nucleotide becomes joined to the 3 
carbon on the sugar of an adjacent 
nucleotide. (Fig.3) the strand in which 
the sugar alternate with phosphate is 
called sugar phosphate back bone. 
The backbone is not symmetrical. It 
has a definite orientation, with a free 
3` hydroxyl group at one end and a 
free 5` phosphate group at the other 
end. The purine and pyrimidine bases 
stick out to one side of the sugar - 
phosphate backbone.

3. In each DNA molecule, the number of nucleotides containing adenine (A) equals the 
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DNA على نف�ض الم�ضافة من بع�ضها البع�ض على امتداد جزىء DNA ويكون �ضريطا

ولكى تتكون الروابط الهيدروجينية ب�ضكل �ضليم بين زوجى القواعد النيتروجينية راأى واط�ضون وكريك اأن 

�ضريطى جزىء DNA يكون اأحدهما فى و�ضع معاك�ض للاآخر بمعنى اأن مجموعة الفو�ضفات الطرفية المت�ضلة 

بذرة الكربون رقم 5 فى ال�ضكر الخما�ضى فى �ضريطى DNA تكون عند الطرفين المعاك�ضين )�ضكل 3(.

DNA ككل يلتف ) يجدل ( بحيث يوجد ع�ضر نيوكليوتيدات فى كل لفة على ال�ضريط  واأخيرًا فاإن �ضلم 

يلتفان حول  ( يتكون من �ضريطين  الحلزون  اأو   ( اللولب  اإن  ، وحيث   DNA اأو حلزون  لولب  ليتكون  الواحد 

 

sugar

sugar

sugar

sugarsugar

sugar

sugar

sugar

Fig. (3) The structure of DNA
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number containing thymine (T) and the number containing guanine (G) equals the 
number containing cytosine (C). That is A = T, and G = C.

4. The direct evidence of the DNA structure from studies made by Franklin where she 
used X-rays diffraction technology to get pictures of highly purified DNA crystals. 
In this technology X-ras pass through crystals of molecules which have regular 
structure and result from it a scattaring of X-rays. This produce a pattern of dots that 
its analysis gives information about the shape of the molecule. In 1952, Franklin 
produced such photographs for crystals of highly purified DNA. Her results showed 
that DNA is twisted into a spiral or helix, with the bases perpendicular to the length of 
the fibre. These pictures also provided evidence that the sugar-phosphate backbone is 
on the outside of the helix with the bases on the 
inside. Furthermore, the diameter of the helix 
showed that it must be composed of more than 
one strand of DNA.

After Franklin made her pictures a race started 
between scientists to put all the available data 
together into a consistent model of DNA structure. 
But the two British scientists Watson and Crick 
were the first to put an acceptable model. The 
model of DNA structure put by them consists of 
two strands of DNA. The two strands are arranged 
like a ladder, with the ladder's sides being the 
sugar-phosphate backbones of the two strands and 
the rungs being the bases. (Fig. 4).

A rung may consist of either an adenine paired 
to a thymine, or a guanine paired to a cytosine. 
In each rung, either base may be on either strand. 
The pair of bases in each rung is held together by 
hydrogen bonds. Two hydrogen bonds hold an 
adenine thymine pair together, while a guanine 
cytosine hold together by three hydrogen bonds. 
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اللولب  عليه  يطلق   DNA ج��زىء  ف��اإن   ، البع�ض  بع�ضهما 

المزدوج )�ضكل 4( .

 DNA  تضاعف
 DNA تت�ضاعف كمية  النق�ضام  فى  الخلية  تبداأ  اأن  قبل 

من  الأ�ضل  طبق  ن�ضخة  جديدة  خلية  كل  ت�ضتقبل  حتى  بها 
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  �شكل )4 ( اللولب المزدوج 

لفة واحدة

Fig. (4) DNA double helix

one turn
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And since each pair consists of one single and one doublering, all the rungs of the ladder 
are the same width, and the backbones of the two DNA strands are always the same 
distance from one another along the length of DNA molecule.

Watson and Crick also saw that for hydrogen bonds to form properly between the 
base pairs in DNA, the two nucleotide strands of the DNA molecule had to run in 
opposite directions with the free 5`phosphate groups of the two strands at opposite ends 
of the molecule (Fig. 3).

Finally, the whole ladder of DNA is twisted, with ten nucleotide pairs per turn, to 
form the spiral detected by Franklin's x-ray photographs. Because the spiral is composed 
of two strands wound around each other, the DNA molecule is referred to as a double 
helix (Fig. 4).

DNA Replication:

Before a cell divides, its DNA is replicated (or duplicated), so that each new cell 
receives a complete copy of the original cell's genetic information. Watson and Crick 
pointed out that the double-stranded, base-paired structure of the DNA molecule 
incorporates a means whereby the genetic information can be replicated accurately. 
Because the two strands have complementary base pairs, the nucleotide sequence of 
each strand automatically supplies the information needed to produce its partner (for 
example, if a portion of one strand runs 5`A - A - T - C - C 3`, its partner must run 3`T - 
T - A - G - G 5`). If the two strands of a DNA molecule are separated, each can be used 
as a mold or template, to produce a complementary strand. Scientists proved that this is 
the case after carrying out several experiments.
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Enzymes and DNA Replication

The replication of DNA demands the integrated action of a number of enzymes and 
proteins. For replication to occur, the following must happen:

1. The double helix must be unwound.

2. DNA - helicase enzymes move along the double helix, separating the two strands 
from each other by breaking the hydrogen bonds between the paired bases to expose 
the bases so that they can form hydrogen-bonds to new nucleotide partners.

3. DNA - polymerase enzymes build the new DNA strands which catalyze the addition 
of monomers, one by one, to the 3` end of the new DNA strand. To be added to the 
new strand, a monomer must be paired to a base exposed on the opposite, template 
DNA strand (Fig. 5).
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باإ�ضافة  وذل��ك  الجديدة   DNA اأ�ضرطة  ببناء   (DNA-Polymerases) البلمرة  اإنزيمات  تقوم   -3  

النيوكليوتيدات واحدة بعد الأخرى اإلى النهاية 3´ ل�ضريط DNA الجديد ، ولكى يتم اإ�ضافة النيوكليوتيدة 

القاعدة  مع  النيوكليوتيدة  فى  النيتروجينية  القاعدة  ت��ت��زاوج  اأن  اأولً  لب��د  الجديد  ال�ضريط  اإل��ى 

النيتروجينية الموجودة على �ضريط القالب ) �ضكل 5( .

3´ لل�ضريط الجديد  5´ فى اتجاه  ومن المعروف اأن اإنزيم البلمرة يعمل فى اتجاه واحد فقط من الطرف 

اأحدهما  اأن  اأى  المزدوج متوازيان عك�ضيًا    DNA اأن �ضريطى لولب  اأن ذكرنا  ، ولقد �ضبق  بناوؤه  الذى يجرى 

اإلى   ´3 اأى فى اتجاه  3´ ، بينما ال�ضريط المتزاوج معه يتوجه فى التجاه المعاك�ض  اإلى   ´5 يكون فى اتجاه 

 ´3 DNA يتم ذلك فى اتجاه النهاية  اإنزيم اللولب على ف�ضل �ضريطى جزىء  5´ ، وعلى ذلك فعندما يعمل 

5´-3´ لي�ضت هناك م�ضكلة حيث  5´ لل�ضريط الآخر . وبالن�ضبة لل�ضريط القالب  لأحد ال�ضريطين والنهاية 

ذلك  اأن  اإل    ´3 النهاية  اإلى  جديدة  نيوكليوتيدات  م�ضيفاً  مبا�ضرة  اللولب  اإنزيم  يتبع  البلمرة  اإنزيم  اإن 

، ولذا فاإن   ´3-´5 ل يعمل فى اتجاه  البلمرة  انزيم  المعاك�ض . وذلك لأن  لل�ضريط الآخر  ليحدث بالن�ضبة 

هذا ال�ضريط يتم بناوؤه على �ضكل قطع �ضغيرة فى اتجاه 3´-5´ ، ثم ترتبط هذه القطع ال�ضغيرة مع بع�ضها 

البع�ض بوا�ضطة اإنزيم الربط  (DNA ligase) ) �ضكل 6(.

من  واحد  جزىء  على  �ضبغى  كل  يحتوى  حيث  �ضبغيات  �ضورة  فى  النواة  حقيقيات  فى   DNA ينتظم   -

DNA يمتد من اأحد طرفيه اإلى الطرف الآخر ، ويبداأ ن�ضخ DNA عند اى نقطة على امتداد الجزىء.

اأما فى اأوليات النواة فاإن جزىء DNA يوجد على �ضكل لولب مزدوج اإل اأن نهاياته تلتحم بع�ضها مع بع�ض 

DNA. وهذا الجزىء يت�ضل بالغ�ضاء البلازمى للخلية عند نقطة واحدة يبداأ عندها ن�ضخ جزىء ،

 DNA شكل )5( ت�شاعف�

1234
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Fig. (5) DNA replication

(1) (2) (3) (4)

It is known that DNA polymerase can work only in one direction from the 5` toward 
the 3`and on the new strand it is synthesizing, and we have said before that the two strands 
of the DNA double helix are antiparallel, that is one runs in the 5`to the 3`direction 
whereas its partner runs in the opposite, 3`to 5`. Therefore, as a helicase moves along, 
separating the two strands, it works towards the 3`ed of one strand and the 5`end of 
the other. For the 3`to 5`template strand, there is no difficulty, a polymerase follows 
the helicase, adding new nucleotides to the 3`end. However, this would not work on 
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the opposite strand because DNA polymerase cannot work from the 3`end toward the 
5`end of the strand which is synthesizing. This strand has to be made in short pieces in 
the direction 5`to 3`, and these short pieces are soon joined together by another enzyme, 
DNA-ligase. (Fig. 6). 

علم الأحياء للثانوية العامة 118

DNA  إصلاح عيوب
بنائية  وحدات  من  تتكون  طويلة  مركبات   ( بوليمرات  �ضكل  على  توجد  التى  البيولوجية  المركبات  كل 

متكررة كالن�ضا والبروتين ، والأحما�ض النووية ( معر�ضة للتلف من حرارة الج�ضم ومن البيئة المائية فى 

 ) اأدينين وجوانين   ( بيورينية  5000 قاعدة  اأن حوالى  يقدر  DNA عن ذلك، حيث  الخلية ولي�ضذ  داخل 

الروابط  ك�ضر  على  تعمل  الحرارة  لأن  وذل��ك   . الب�ضرية  الخلية  فى  الموجود   DNA من  يوم  كل  تفقد 

من  بالعديد  يتلف  اأن  يمكن   DNA فاإن  ذلك  اإلى  وبالإ�ضافة   ، الخما�ضية  ال�ضكريات  تربط  التى  الت�ضاهمية 

المعلومات  اأن يحدث تغييرًا فى  DNA يمكن  ، وكذلك بالإ�ضعاع، واأى تلف فى جزىء  الكيميائية  المركبات 

الموجودة به، مما قد ينتج عنه تغيرات خطيرة فى بروتينات الخلية .

 DNA فى  ي�ضتمر  ل  اأنه  اإل   ، يوم  كل   DNA لجزىء  تحدث  التى  التغيرات  اآلف  هناك  اأن  ورغم  ذلك  ومع 

الخلية من هذه التغيرات كل عام اإل تغيران اأو ثلاثة تكون لها �ضفة الدوام، اأما الغالبية العظمى من التغيرات 

عليها  يطلق   DNA عيوب  اإ�ضلاح  على  تعمل  اإنزيمًا   20 من  مجموعة  لن�ضاط  نتيجة  عالية  بكفاءة  فتزال 

اإنزيمات الربط  (DNA ligases)التى تعمل فى تناغم لتعرف المنطقة التالفة من جزىء DNA واإ�ضلاحها 

  
Fig. (6) Duplication de l’ADN

(1)

polymerase enzyme

(2)

ligase enzyme

DNA pieces

The DNA of eukaryotes is organized into several chromosomes. Each chromosome 
contains a single DNA molecule which runs from one end of the chromosome to the 
other, and replication starts at many different points along the molecule.

In a prokaryote, the DNA exists as a double helix with its ends joined to form a circle. 
The molecule is attached to the plasma membrane at one point. This point is where 
replication occurs.
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DNA Repair

All biological polymers (long molecules formed of repeating units such as starch, 
protein and nucleic acid) are subject to damage from the body's own heat and from the 
aqueous environment inside the cell, and DNA is no exception. It was estimated that 
5000 purine bases (A) and (G) are lost each day from the DNA of each human cell 
because heat breaks the covalent bonds linking them to deoxyribose. In addition, DNA 
can be damaged by various chemical compounds and radiation. Any form of damage to 
the DNA could alter its information content and produce disastrous changes in the cells 
proteins.

Although thousands of changes occur in a DNA molecule every day, no more than 
two or three stable changes accumulate in a cells DNA each year. The vast majority of 
changes are eliminated with remarkable efficiency by a group of 20 different kinds of 
DNA repair enzymes.

These enzymes which are called DNA-ligases, working in harmony can recognize 
and remove a damaged area of DNA and repairit where replacing it with nucleotides 
complementary to those on the strand opposite the damaged portion.

DNA repair depends on the existence of two copies of the genetic information, one 
in each strand of the double helix. As long as one of these strands remains undamaged, 
the repair enzymes can use it as a template to replace a damaged segment in its partner. 
Thus, most damage is remedied unless both strands are altered at the same location 
and the same time. The genetic material of some viruses occurs in the form of single 
stranded RNA, which cannot be repaired. These viruses show high rates of genetic 
change resulting from damage to their RNA. The double helix is, therefore, vital to the 
genetic stability of organisms that contain it.
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DNA in prokaryotes

The genetic material of prokaryote is one double helix of DNA with its ends joined 
to each other to form a circle.

If the DNA of the bacterium (Escherichia coli) were stretched out in a straight line, it 
would be about 1.4 millimeter long, whereas the cell itself is only about 2 micron long. 
The circular bacterial DNA is folded many times, and occupies a nuclear area about one 
tenth of the cell's volume. This DNA molecule is attached to plasma membrane at one 
or more points (Fig. 7).

In addition, some bacteria also contain one or several additional, much smaller, circular 
DNA molecules called plasmids. Plasmids are widely used in genetic engineering as 
will be discussed later. A bacterial cell replicates any plasmids it contains at the same 
time as its main DNA replicate scientists take advantage of this activity by introducing 
artificial plasmids into bacteria in order to obtain several copies of them.
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حيث ت�ضتبدلها بنيوكليوتيدات تتزاوج مع تلك الموجودة على ال�ضريط المقابل فى الجزء التالف .

ويعتمد اإ�ضلاح عيوب DNA على وجود ن�ضختين من المعلومات الوراثية واحدة على كل من �ضريطى اللولب 

المزدوج ، وطالما ظل اأحد هذين ال�ضريطين دون تلف ت�ضتطيع تلك الإنزيمات اأن ت�ضتخدمه كقالب لإ�ضلاح 

ال�ضريطين فى  اإذا حدث فى  اإل  اإ�ضلاحه  المقابل، وعلى ذلك فكل تلف يمكن  ال�ضريط  التلف الموجود على 

من  مفرد  �ضريط  �ضورة  على  توجد  الفيرو�ضات  لبع�ض  الوراثية  المادة  لكن   ، الوقت  ذات  وفى  الموقع  نف�ض 

RNA ، ولذلك يظهر بها معدل مرتفع من التغير الوراثى الذى ين�ضاأ عن تلف فى �ضريط RNA ، وعلى ذلك 

فاللولب المزدوج يعتبر حيويًا للثبات الوراثى للكائنات الحية التى يوجد بها .

DNA فى أوليات النواة
، فاإذا ت�ضورنا  اأوليات النواة يوجد على �ضكل لولب مزدوج تلتحم نهايتاه معاً  DNA فى  اأن ذكرنا اأن  �ضبق 

م�ضتقيم  خط  �ضكل  على   (Escherichia coli) كولى  اإي�ضيري�ضيا  ببكتيريا  الخا�ض   DNA فرد  اأمكن  اأنه 

ويلتف   ، ميكرون   2 حوالى  اإلى  اإل  ي�ضل  ل  نف�ضها  البكتيرية  الخلية  طول  بينما   ، مم   1،4 اإلى  طوله  لو�ضل 

جزىء DNA البكتيرى الدائرى على نف�ضه عدة مرات ليحتل منطقة نووية ت�ضل اإلى حوالى 0،1 من حجم 

الخلية ، ويت�ضل هذا الجزىء بالغ�ضاء البلازمى للخلية فى موقع اأو اأكثر )�ضكل 7( .

ال�ضغيرة   DNA جزيئات  من  اأكثر  اأو  واحدة  على  تحتوى  البكتيريا  بع�ض  فاإن  �ضبق،  ما  اإلى  وبالإ�ضافة 

كما  الوراثية  الهند�ضة  فى  وا�ضع  نطاق  ع���لى  ت�ض��تخ���دم   Plasmids بلازميدات  ا�ضم  عليها  يطلق  الدائرية 

�ضنرى فيما بعد. وت�ضاعف الخلايا البكتيرية البلازميدات الموجودة بها فى نف�ض الوقت الذى ت�ضاعف فيه 

DNA الرئي�ضى بها، وي�ضتغل العلماء هذا الن�ضاط باإدخال بلازميدات �ضناعية اإلى داخل الخلايا البكتيرية 

بهدف الح�ضول على ن�ضخ كثيرة من هذه البلازميدات. 

فى  ت���وج���د  ال���ت���ى   DNA وج���زي���ئ���ات 

الميتوكوندريا وفى البلا�ضتيدات الخ�ضراء 

تلك  ت�ضبه  ال��ن��واة(  حقيقيات  )ع�ضيات 

الموجودة فى اأوليات الن�����واة ، كم����ا ثبت 

الخمي���رة  خلاي�ا  فى  البلازمي��دات  وج��ود 

جزيئات  كلها  وهى  النواة(  حقيقيات  )من 

دائرية من DNA ل تتعقد بوجود بروتين 

معها .

Fig. (7) Electron micrograph showing DNA in prokaryotes�شكل )7( �شورة DNA بالمجهر الإلكترونى فى اأوليات النواة

The DNA molecules of mitochondria and chloroplasts (organelles of eukaryotic 
cells) is very similar to that of prokaryote. The DNA of these organelles and the yeast 
plasmids are all circular and not complexed with proteins that are always found with 
eukaryotic DNA. 
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Structure of Eukaryotic 
Chromosomes

Chromosomes appear in eukaryotic cells during cell division. Each chromosome is 
thought to contain a single DNA molecule extending from one end of the chromosome to 
the other, but coiled and folded many times. The DNA is associated with various proteins, 
forming what is called chromatin which contains roughly equal amounts of DNA and 
protein. The chromosomal proteins may be divided into histone and nonhistone proteins.

Histones make up a well-defined group of structural proteins. Histones are all small, 
and they have a high content of the basic amino acids arginine and lysine. At the pH 
inside the cell, these amino acids have positively charged R groups, and so they bind 
strongly to the negatively charged phosphate groups of DNA. Histones occur in enormous 
amounts in the chromatin of any cell. The nonhistone proteins are a heterogeneous 
group with many functions. They include some structural proteins, which play a role in 
the spatial organization of the DNA within the nucleus, and also include the regulatory 
proteins, which determine whether or not the DNA code is used to make RNA, proteins 
and enzymes.

The human somatic cell contains 46 chromosomes. If we imagine that DNA double 
helices from these chromosomes were lined up and stretched out, they would be about 
2 meters long. The histone and other proteins are responsible for packing these long 
molecules into a nucleus 2-3 micrometer in diameter. Biochemical analysis and electron 
micrographs have shown that the DNA is wound around clusters of histones, forming a 
string of particles called nucleosomes (Fig. 8). This shortens the molecule about tenfold, 
but it must be packed about 100,000 times more tightly to fit into the nucleus. The string 
of nucleosomes is coiled so as to pack the nucleosomes together. However, even this is 
not sufficient to shorten a DNA molecule to the length actually observed. The tightly 
coiled strings of nucleosomes are arranged in large loops, believed to be held in place 
by structural nonhistone proteins of the chromatin. Chromatin packed up as tightly as 
possible is said to be condensed. When the DNA is in this state, enzymes apparently 
cannot get at it. The package must be unwound at least into a string of nucleosomes, 
before the DNA can serve as a template for DNA or RNA synthesis.
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تركيب المحتوى الجينى
يطلق على كل الجينات وبالتالى كل DNA الموجودة فى الخلية ا�ضم المحتوى الجينى  (genome)لهذا 

الفرد، ولقد تمكن الباحثون فى عام 1977 من التو�ضل اإلى طرق يمكن بها تحديد تتابعات النيوكليوتيدات 

فى   DNA جزيئات  داخل  الجينات  لترتيب  الدقيق  للو�ضف  الأدوات  وفر  مما   RNAوDNA جزيئات  فى 

الخلية .

اللازمة  التعليمات  يحمل  الجينات  من  فالعديد   ، الجينى  المحتوى  من  لأجزاء  �ضبق  فيما  تعر�ضنا  ولقد 

 RNA لبناء مركبات بروتينية ، والبع�ض الآخر يحمل التعليمات اللازمة لتتابع النيوكليوتيدات فى جزىء

اأثناء  الأمينية  الأحما�ض  الذى يحمل  الناقل   RNA وفى  الريبو�ضومات  بناء  الذى يدخل فى  الريبو�ضومى 

المحتوى  والبروتينات معظم   RNA بناء  الم�ضئولة عن  الجينات  النواة تمثل  اأوليات  ، وفى  البروتين  بناء 

فهو  الباقى  اأما   . ال�ضابقة  بالوظائف  يقوم  الجينات  من   ٪70 من  اأقل  فاإن  النواة  حقيقيات  فى  اأما  الجينى، 

 RNA التى ل تمثل �ضفرة لبناء DNA غير معلوم الوظيفة ، ولقد تعرف  الباحثون على العديد من اأجزاء

اأو البروتينات واأطلقوا عليها العديد من الأ�ضماء اإل اأننا مازلنا فى حاجة اإلى معرفة الكثير عن وظائفها .

 DNA  تكثيف �ضبغى فى الطور 

الا�ضتوائى

كروماتين

نيكلو�ضومات

�شكل )8 ب (  �شكل تخطيطى

لولب  DNA المزدوج

�ضكل )8 اأ (  �ضورة ميكرو�ضكوبية
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Fig. (8) The way in which DNA is packed in chromatin
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Structure of the Genome

An individual's genome consists of the total of all the genes (and, therefore, of all the 
DNA) in any one of its body cells.

In 1977, researchers found methods of determining the sequence of nucleotides in 
DNA and RNA molecules. This provided the tools to describe precisely how genes are 
arranged within a cell's DNA molecule.

We have already met some parts of the genome. Many genes carry instructions for 
making proteins. Others dictate the sequence of nucleotides in the ribosomal RNA which 
enter in building of ribosomes and in transfer RNA, which carries amino acids during 
protein synthesis. In prokaryotes, genes dictating RNA and protein synthesis make 
up most of the genome. However, in many eukaryotes less than 70% of the genome 
serves these functions and the rest of the genome is unaccounted for. Researchers have 
identified and named various kinds of noncoding DNA (DNA that dose not code for 
RNA or proteins), but we still have much to learn about their function.
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Repetitive DNA

Most genes are present in only one or a few copies in a genome. However every 
eukaryotic cell carries many - often hundreds - of copies of the genes needed to synthesize 
ribosomal RNA and histones. These are molecules the cell needs in large amounts, and 
it is reasonable to suppose that having multiple copies of these genes speeds up cells 
production of new ribosomes and histones.

DNA sequencing has turned up many more repeating sequences of DNA. The role of 
most of this repetitive DNA is still unclear. For instance, in the fruit fly Drosophila, the 
brief nucleotide sequence A - G - A - A - G is repeated about 100,000 times in the middle 
of one chromosome. These and many other repeated sequences are noncoding DNA.

Other Noncoding DNA

In addition to satellite DNA, eukaryotic genomes contain great deal of other 
noncoding DNA. Even befor DNA sequencing became possible, geneticists observed 
that the amount of DNA in species' genome bears little relationship to the complexity of 
the organism or the number of proteins it produces. Remarkably little of the DNA of the 
plants and animals actually codes for proteins. For example, the largest known genome 
belongs to a salamander; its cells contain about 30 times the amount of DNA found in 
human cells, although they produce fewer proteins.

Perhaps some of non coding DA act on keeping chromosomes structure, as shown 
that some regions of DNA are references to places at which the mRNA synthesis should 
start. These regions are importaint in synthesis of proteins.
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Mutations

Mutation can be defined as a sudden change in the nature of the hereditary factors 
controlling certain traits which leads to change in these traits in the living organism. 
The mutation is considered true if it is transferred through different generations. We 
have to distinguish between the mutation which results from changes in the structure of 
the hereditary factor and the changes which result from environmental effects, or from 
segregation and recombination of genes. Most mutations lead to undesirable traits such 
as some deformations in man. Mutations in plants may lead to their sterility causing a 
deficiency in crop yield of these plants.

In rare cases, mutation leads to some desirable changes; and man tries all possible 
scientific ways to induce them artificially. For example, an American farmer discovered 
in his sheep one with short curved legs. He considered this a desired trait as it could 
not climb over fences and damage cultivated plants. The farmer took care of breeding 
this mutant sheep until it gave rise to a new strain known as the Ancon strain. Other 
examples of desirable mutations are those induced by man in crop plants in order to 
increase their yield.

Kinds of Mutations

Mutations are divided into two main kinds: gene mutations and chromosomal 
mutations.

1. Gene mutations:

These are due to chemical changes in the gene structure, mainly in the arrangement 
of the nitrogen containing bases of the DNA molecule. These changes finally lead to the 
production of a different enzyme which would in turn develop a new trait. Such change 
in the chemical structure of the gene is often accompanied by a change from dominant 
to recessive state, although the opposite may occur in some rare cases.
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2. Chromosomal mutations:
These mutations occur by two ways:

a) Change in the number of chromosomes:
 This means a loss or gain of one or more chromosomes during gamete production 

in the process of meiosis as in Klinefelter and Turner syndromes in man. The cells 
contain one or more extra chromosomes as in the first case or the cells may contain 
one chromosome less as in the second syndrome. The number of chromosomes may 
be duplicated in a cell due to the non-separation of the chromatids after centromere 
divison and failure of membrane formation between the two daughter cells, thus 
causing polyploidy. This phenomenon of polyploidy may take place in any living 
organism, yet it is more common in plants, where a large proportion of known plants 
have polyploidy (3N, 4N, 6N, 8N up to 16N), where chromosomes are duplicated 
during gamete formation. This results in the production of individuals with new 
characteristics. This is because each gene is represented by many copies, thus its 
effect becomes more pronounced. Thus the plant becomes taller and consequently, 
its organs become bigger especially flowers and fruits. Nowadays, there are 
many tetraploid (4N) crops and fruits such as cotton, wheat, apple, grapes, pears, 
strawberries and others.

Polyploidy is less common among a animals. This is because sex determination in animals 
demands delicate balance between the numbers of autosomes and sex chromosomes. Thus 
polyploidy in animals is restricted to some hermaphrodite snails and worms where sex 
determination problem does not exist. Triploidy in man was found to be lethal and cause 
miscarriage. However, polyploidy may occur in some liver and pancreas cells in man.

b) Change in the structure of the chromosome: 
 The sequence of genes on a chromosome changes when a piece is separated from it 

during cell division and rotates 180° around itself and rejoin the same chromosome 
again in an inverted position. It is also possible that two nonhomologous chromosomes 
exchange segments. In another case, a small segment of a chromosome may be lost 
or gained.
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If the above mentioned mutations occurred in reproductive cells, the new trait will 
appear in the resulting embryo. This kind of mutation is then called gamete mutation, 
and it occurs in living organisms that reproduce sexually. Mutation may also occur in 
somatic cells where sudden appearance of symptoms occur in the organ whose cells 
mutated. This sort of mutation is known as somatic mutation. It is more common in 
plants that are propagated vegetatively, where a new branch may grow from the normal 
plant having a new trait. This branch may be cut off and propagated vegetatively if the 
trait is desirable.

Origin of Mutations:

Mutations may be spontaneous or induced. The spontaneous mutation originates by 
itself without any human interference, and it is  rare in all organisms. It is due to the 
effect of certain environmental factors around the living organism, such as ultraviolet 
and cosmic rays in addition to different chemical compounds to which the living 
organism is exposed. Spontaneous mutations play an important role in the evolution of 
the living organisms.

Induced mutations are those mutations which are induced by man to produce desired 
changes in the traits of specific organisms. For this purpose, man uses some factors 
that are found in nature such as gamma and ultraviolet rays. He may also use some 
chemicals, such as mustard gas, colchicine, nitrous acid and others. Such treatments 
cause atrophy and death of the growing tip cells in plants. New tissues are regenerated 
underneath the dead cells. These new tissues contain some polyploid cells.

Most induced mutations produce undesirable traits, yet man selects from them the 
useful ones. For example, some useful mutations may produce fruit trees with high 
sweet and seedless fruits. It was also possible to induce mutations in micro organisms 
such as penicillium which is capable of producing large quantities of antibiotics.
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At the end of this chapter the student should be able to :

 Know the kinds of proteins.

 know the structure of the nucleic acid RNA.

 Compare between these kinds of RNA (ribosomal - transfer - 
messenger).

 Know the genetic code.

 Know the steps of protein synthesis.

 Know the modern techniques of molecular technology.

 Know the concept of the human genome and its importance in drug 
manufacture.

 Appreciate the greatness of God concerning the genetic 
information and its role in characterising humans with traits that 
differ from one person to another.

Chapter Two

Nucleic Acids
and Protein Synthesis

Molecular Biology
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Structure and synthesis
of proteins

The enormous variety of proteins in living systems can be divided into two main 
groups:

1. Structural proteins:

These are proteins that constitute building materials in the living organisms. Major 
types of fibrous proteins that act as structural elements include actin and myosin of 
muscles and other contractile systems, collagens that form connective ligaments within 
the body, keratins that form protective coverings such as skin, hair, hooves, horns, 
feathers and others.

2. Regulatory Proteins:

These are the proteins that regulate the numerous processes and activities for the 
organism. These include enzymes that modulate chemical reactions, antibodies that 
provide immunity against infection, hormones and 
various other substances that make each life form 
respond appropriately to the constantly changing 
internal and external environments.

There is a common plan of construction for the 
thousands of kinds of proteins in living systems. 
The twenty kinds of naturally - occurring amino 
acid monomers are joined together in unbranched, 
linear polymer chains of proteins. All 20 amino acids have the same basic structure. 
There is a  carboxyl group COOH and an amino group - NH2 joined to the first or 
α-carbon atom and a hydrogen atom as a third unit bonded to this carbon in all amino 
acids.

Except for glycine, which has a second hydrogen atom joined to the α-carbon, the 
other 19 amino acids have a fourth group (R) which differs from one amino acid to the 
other.

132
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In the presence of the appropriate enzymes, amino acids are joined together in a 
dehydration reaction by peptide bonds forming polypeptide polymers which form the 
protein. The differences between different proteins are due to the differences in the 
numbers, kind and arrangement of amino acids in polymers. It is also attributed to 
the number of polymers that form the protein, beside the weak hydrogen bonds that 
may give the protein molecule its special shape. Protein synthesis is very complicated 
process and it includes the interaction of different kinds of molecules.

Ribonucleic acids (RNAs)

Like DNA, RNA comes in long unbranched macromolecules made up of nucleotide 
subunits. Each nucleotide is made up of a sugar molecule, a nitrogenous base and a 
phosphate group. A nucleotide phosphate group is bonded to the third carbon of the 
sugar in the previous nucleotide to form the sugar-phosphate backbone of a nucleic 
acid. RNA, however, differs from DNA in several aspects:

1. The sugar in the RNA is ribose, whereas the suger in DNA is deoxyribose, which 
contains one less oxygen atom than ribose, hence the names ribonucleic acid and 
doxyribnucleic acid.

2. RNA usually consists of a single strand of nucleotides, although it can form double - 
stranded sections, DNA is usually double-stranded, consisting of two complementary 
chains of nucleotides.

3. DNA and RNA differ in the kinds of nitrogenous bases they contain. In DNA we find 
adenine, guanine, cytosine and thymine. RNA also contains adenine, guanine and 
cytosine, but uracil is present instead of thymine. Like thymine, uracil base-pairs 
with adenine.

Three main types of RNA participate in protein synthesis, these are:

1. Messenger RNA (mRNA):
The transcription of DNA into RNA begins when the enzyme RNA polymerase 

binds to a sequence of nucleotides on the DNA called the promoter. Next, the two 
strands of DNA are separated, and one strand serves as a template for the formation of 
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a complementary strand of RNA. RNA polymerase moves along the DNA and joins 
the complementary nucleotides to the growing RNA strand one by one. The enzyme 
works only in the 3`to the 5`direction on its DNA template, assembling RNA in the 
5`to 3`direction. This process is much like the replication of DNA with one important 
difference. Whereas DNA replication, once begun, usually copies all the DNA in the 
cell, RNA synthesis transcribes only selected portions of the DNA.

Since DNA molecules are double-stranded, any section of DNA could, in principle, 
be transcribed into the different RNA molecules, one complementary to each strand. 
In practice, only one of the strands is transcribed in any one segment of DNA. The 
orientation of the promoter indicates which strand is to be transcribed. In prokaryotes, 
a single RNA polymerase transcribes rRNA, mRNA and tRNA, but in eukaryotes there 
are three different kinds of polymerases.

The messenger RNA of prokaryotes is ready for translation as soon as it is transcribed. 
At the beginningof each mRNA is a ribosome binding site, a sequence of nucleotides 
that binds to a ribosome in such a way that the first codon (AUG) is positioned correctly 
for translation (Fig. 1). At the other end of mRNA molecule, there is a polyadenine 
(ploy-A) tail composed of up to 200 adenine residues. It appears that this tail protects 
mRNA from breakdown by enzymes in the cytoplasm. In prokaryotes ribosomes may 
attach to the beginning of the mRNA and start translating it into protein while the end of 
the molecule is still being synthesized on the DNA template. In eukaryotes, on the other 
hand, the original mRNA transcript must be processed further in the nucleus before the 
mature mRNA is ready to enter the cytoplasm and participate in protein synthesis.
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على �ل�سريط �لذى �سين�سخ ، ويوجد فى �أوليات �لنو�ة �إنزيم و�حد من RNA-polymerase هو �لذى يقوم 

�أن  .وما  منها  بكل  �إنزيم خا�ش  فهناك  �لنو�ة  �أما فى حقيقات  �لثلاثة،  �لريبوزية  �لنووية  �لأحما�ش  بن�سخ 

يتم بناء mRNA فى �أوليات �لنو�ة حتى ي�سبح على ��ستعد�د لعملية �لترجمة ، حيث ترتبط �لريبو�سومات 

ببد�ية mRNA وتبد�أ فى ترجمته �إلى بروتين بينما يكون �لطرف �لأخر للجزىء ماز�ل فى مرحلة �لبناء 

�إلى  �نتقاله  ثم  �لنو�ة  فى  كاملًا   mRNA بناء   يتعين  فاإنه  �لنو�ة  حقيقيات  فى  �أما   ،  DNA قالب  على 

�لمقابل وعند بد�ية كل جزئ من  �لبروتين  �إلى  �لنووى ليتم ترجمته  �لغ�ساء  �ل�سيتوبلازم من خلال ثقوب 

ي�سبح  بحيث  بالريبو�سوم  يرتبط  للنيوكليوتيد�ت  تتابع  وهو  بالريبو�سوم  �لرتباط  موقع  يوجد   mRNA

�أول كودون AUG متجها �إلى �أعلى وهو �لو�سع �ل�سحيح للترجمة )�سكل1(.

�أما عند �لطرف �لآخر mRNA فيوجد نهاية من عديد �لأدينين ) ذيل مكون من حو�لى 200 �أدينوزين( 

ويظهر �أن هذ� �لذيل يحمى mRNA من �لنحلال بو��سطة �لإنزيمات �لموجودة فى �ل�سيتوبلازم . 

: )rRNA( الريبوسومى  RNA 2- حمض
 70 وحو�لى  �لريبو�سومى   RNA من  �أنو�ع  عدة  �لبروتين(  بناء  )ع�سيات  �لريبو�سومات  بناء  فى  يدخل 

�لنوية   ت�سمى  �لنو�ة  من  منطقة  فى  �لنو�ة  حقيقيات  فى  �لريبو�سومات  بناء  ويتم   ، �لببتيد  عديد  من  نوعًا 

DNA فى  �ل�سريع ممكنا هو �أن  �ل�ساعة ، ومما يجعل هذ� �لمعدل  �لآلف من �لريبو�سومات فى  يتم بها بناء 

خلايا حقيقيات �لنو�ة يحتوى على ما يزيد على 600 ن�سخة من جينات RNA �لريبو�سومى �لتى ين�سخ منها 

rRNA ، وهناك �أربعة �أنو�ع مختلفة من rRNA تدخل مع �لبروتين فى بناء �لريبو�سومات .

ويتكون �لريبو�سوم �لوظيفى من تحت وحدتين )Subunits(، �إحد�هما كبيرة و�لآخرى �أ�سغر ، وعندما ل 

كل  وتتحرك  بع�سهما  عن  تنف�سلان  �لوحدتين  تحت  فاإن  �لبروتين  �إنتاج  فى  بعمله  قائمًا  �لريبو�سوم  يكون 

بناء  عملية  تبد�أ  عندما  �لمقابل  �لنوع  من  �أخــرى  وحدة  تحت  مع  منهما  كل  يرتبط  وقد   ، بحرية  منهما 

�لبروتين مرة �أخرى ، ويتم بناء بروتينات �لريبو�سومات فى �ل�سيتوبلازم ، ثم تنتقل عبر غ�ساء �لنو�ة �إلى 

بناء  عملية  و�أثناء   ، �لريبو�سوم  وحد�ت  تحت  �لببتيد  وعديد�ت   rRNA من  كل  يكون  حيث  �لنو�ة  د�خل 

. rRNA و  mRNA  لبروتين يحدث تد�خل بين�

�سكل )1( ر�سم تخطيطى لجزىء mRNA يظهر به موقع �لارتباط بالريبو�سوم 

وذيل عديد �لاأدينين وكودون �لبدء

Fig. (1) Diagram of mRNA molecule to show the site of ribosome and polyadenine tail

Ribosmal binging site stort codon

mRNA

polyadenine tail

2. Ribosomal RNA (rRNA):
Ribosomes, the organells of protein synthesis, consist of several types of rRNA and 

bout 70 kinds of polypeptides. In eukaryotes, the production of ribosomes takes place 
in an area of the nucleus called the nucleolus, where several hundred thousands of 
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ribosomes are produced per hour. Such rapid production is possible only because an 
eukaryotic cell's DNA contains up to 600 copies of the ribosomal-RNA genes from 
which rRNA is transcribed. There are four different kinds of rRNA that participate with 
the protein in ribosome structure.

A functional ribosome consists of two subunits, one large and one small. When not 
engaged in protein synthesis, the subunits separate and move around independently. 
Each may join to a different subunit of the opposite type the next time they participate 
in protein synthesis. In eukaryotes, the polypeptides of ribosomes are made in the 
cytoplasm and then pass through the nuclear envelope and enter the nucleolus where the 
rRNA and polypeptides are assembled into ribosomal subunits. During protein synthesis, 
interaction occurs between mRNA and rRNA.

3. Transfer RNA (tRNA):
The third kind of RNA that participates in protein 

synthesis is transfer RNA (tRNA), which carries 
amino acids to the ribosomes. For each kind of amino 
acid, there is a specific kind of tRNA molecule that 
will recognize and transport it. (Amino acids for 
which there are several different codons have more 
than one distinct kind of tRNA). Transfer RNA is 
transcribed from tRNA genes, often arranged in 
clusters of seven or eight tRNA genes in the same 
part of DNA molecule.

All tRNA molecules have the same general shape 
parts of the molecule (Fig. 2), fold back in characteristic loops, which are held in shape 
by basepairing between different areas of the molecule.

There are two sites on tRNA molecule which are important in protein synthesis. 
The first site is where the amino acid is attached to the molecule. This site consists of 
the three bases (CCA) at the 3`end of the molecule. The other site is the anticodon site 
which base-pairs with the appropriate mRNA codon at the mRNA ribosome complex. 
This temporarily binds the tRNA to the mRNA, allowing the amino acid carried by the 
tRNA to be incorporated into the polypeptide in its proper place.
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: )tRNA( الناقل  RNA 3- حمض
�إلى  �لأمينية  �لذى يحمل �لأحما�ش   tRNA �لذى ي�سارك فى بناء �لبروتين هو   RNA و�لنوع �لثالث من 

�لأحما�ش   ( وينقله  �لأمينى  �لحم�ش  يتعرف    tRNA من  خا�ش  نوع  �أمينى  حم�ش  ولكل   ، �لريبو�سومات 

�لأمينية �لتى لها �أكثر من �سفرة يكون لها �أكثر من نوع من tRNA(، وين�سخ tRNA من جينات tRNA �لتى 

DNA توجد عادة على �سكل تجم+عات من 7 - 8 جينات على نف�ش �لجزء من جزىء

2 (، حيث  �ل�سكل �لعام ) �سكل  tRNA نف�ش  ولكل جزيئات 

ب�سكلها  تحتفظ  حلقات  لتكون  �لــجــزىء  مــن  �أجـــز�ء  تلتف 

باإزدو�ج �لقو�عد فى مناطق مختلفة من �لجزىء .

بناء  فى  دور  لهما   tRNA جــزىء  على  موقعان  يوجد   -

�لبروتين، �لموقع �لأول هو �لذى يتحد فيه �لجزىء بالحم�ش 

قو�عد  ثلاث  من  �لموقع  هذ�  ويتكون  به،  �لخا�ش  �لأميني 

CCA عند �لطرف 3´ من �لجزىء.

و�لموقع �لآخر هو مقابل �لكودون �لذى تتز�وج قو�عده مع 

كودونات mRNA �لمنا�سبة عند مركب mRNA و�لريبو�سوم 

ي�سمح   mRNA و   tRNA بين  موؤقت  �رتباط  يحدث  حيث 

�سل�سلة  فى  يدخل  �أن   tRNA على  �لمحمول  �لأمينى  للحم�ش 

عديد �لببتيد فى �لمكان �لمحدد  .

 The Genetic code   الشفرة الوراثية
mRNA و�لتى تم ن�سخها من �أحد �سريطى  �ل�سفرة �لور�ثية هى تتابع �لنيوكليوتيد�ت فى ثلاثيات على 

DNA وينتقل mRNA �إلى �لريبو�سوم حيث يترجم �إلى تتابع للاأحما�ش �لأمينية فى �سل�سلة عديد �لببتيد 

 tRNA لذى يكون بروتينًا معينًا . و�ل�سوؤ�ل �لآن : ماهو عدد �لنيوكليوتيد�ت �لم�سئولة عن �ختيار جزيئات�

�لخا�سة بكل حم�ش �أمينى ؟

�أربع  هناك  و�أن  �لبروتينات  بناء  فى  تدخل  مختلفاً  �أمينيا  حم�ساً  ع�سرين  هناك  �أن  �لمعروف  من 

نيوكليوتيد�ت فقط تدخل فى بناء كل من DNA و RNA وعلى ذلك ، '' فاللغة '' �لور�ثية تحتوى على �أربع 

'' تدل كل  �أن ت�سكل ع�سرين  كلمة  �لنيوكليوتيد�ت يجب  �لأربعة من  �لحروف  ، وهذه   '' �أبجدية  '' حروف 

منها على حم�ش �أمينى معين ، ول يمكن �أن تتكون كل كلمة من حرف و�حد لأن ذلك يعنى وجود �أربع كلمات 

�سكل )2( �ل�سكل �لعام لجزىء 

حم�ض RNA �لناقل 

م�ضاد الكودون

موقع ارتباط 

الحم�ض الأمينى

anticodonsite 

Fig. (2) tRNA molecule

Site of
amino acid
attachment

3'

5'
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The Genetic Code

We have said before that the genetic code represented by a particular sequence of 
nucleotides in DNA is transcribed to a complementary sequence in triplet on mRNA 
which goes to the ribosome where it is translated into a particular sequence of amino acids 
in a polypeptide which makes a particular protein. And now, the question is : what is the 
number of nucleotides responsible for selecting tRNA molecules which carry each amino 
acid? Twenty different amino acids are known to take part in the synthesis of proteins. 
At the same time, there are only four nucleotides involved in the structure of both DNA 
and RNA. Thus, the genetic "language" must have a four-letter "alphabet". These four 
nucleotides "letters" must some how make up "words" each of which stands for a particular 
amino acid. There must be at least 20 different genetic codes to specify the 20 amino acids. 
The words cannot be only one letter long; because in that case there would be only four 
possible code words (A, C, G and U) and proteins could contain only four different amino 
acids. Similarly, the words cannot be just combinations of two nucleotides long, because 
four letters arranged in all possible combinations of two gives only 42 = 16 different code 
words, still not enough to specify 20 different amino acids. The four nucleotides  arranged 
in triplets, however, produce 43 = 64 different code words, more than enough to produce 
a unique code word for each amino acid. The smallest theoretical size for a code word in 
DNA is, therefore; three nucleotides.

By 1960, there was considerable evidence of a triplet code, but deciding which 
sequence of three uncleotides coded for which amino acid (called codon) appeared very 
difficult. By 1965, these codons were derived in table 1. It should be noticed that the 
codons shown in the table are code words found in RNA, but the DNA code triplets are 
the compliments of those shown in Table 1, also reveals that the code is degenerate, that 
is, there is more than one codon for most of the amino acids. Besides, there is codon for 
the start of protein synthesis (AUG) and three stop codons (UAG, UAA and UAG) at 
which protein synthesis mechanism stops and give signal.

The genetic code is to the point of termination of poly peptide ehain universal, the 
same codons code for the same amino acids in all viruses, bacteria, plants, animals 
and fungi that have been examined. This is a strong evidence that all living organisms 
on earth now have been originated from common ancestors, and so it seems that the 



137Shorouk Press2015 - 2016

code must have been established shortly after life originated and has continued almost 
unchanged for billions of years since this time.

Table (1) Codons of Amino acids
(for reading only)

First
base

Second Base Third
baseU C A G

U

UUU
Phenylalanine

UCU
Serine

UAU
Tyrosine

UGU
Cystenine U

UUC
Phenylalanine

UCC
Serine

UAC
Tyrosine

UGC
Cystenine C

UUA
Leucine

UCA
Serine

UAA
stop

UGA
stop A

UUG
Leucine

UCG
Serine

UAG
stop

UGG
Tryptophan G

C

CUU
Leucine

CCU
Proline

CAU
Histidine

CGU
Arginine U

CUC
Leucine

CCC
Proline

CAC
Histidine

CGC
Arginine C

VUA
Leucine

CCA
Proline

CAA
Glutamine

CGA
Arginine A

CUG
Leucine

CCG
Proline

CAG
Ghitamine

CGG
Arginine G

A

AUU
lsoleucine

ACU
Threenine

AAU
Asparagine

AGU
Serine U

AUC
lsoleucine

ACC
Threenine

AAC
Asparagine

AGC
Serine C

AUA
lsoleucine

ACA
Threonine

AAA
Lysine

AGA
Argininc A

AUG (START)
Methionine

ACG
Threonine

AAG
Lysine

AGG
Arginine G

G

GUU
Valine

GCU
Alanine

GAU
Asparagine

GGU
Glycine U

GUC
Valine

GCC
Alanine

GAC
Asparagine

GGC
Glycine C

GUA
Valine

GCA
Alanine

GAA
Glutamic acide

GGA
Glycine A

GUG
Valine

GCG
Alanine

GAG
Glutamic acide

GGG
Glycine G
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Protein Synthesis

Protein synthesis starts when the mRNA binds to a small ribosomal subunit and the 
first codon (AUG) is positioned correctly for the initiation of protein synthesis. The 
AUG codon then base-pairs with the anticodon of tRNA carrying methionine. This 
methionine eventually becomes the first amino acid in the polypeptide chain. Now a 
large ribosomal subunit binds to the complex and the reaction of protein synthesis itself 
can begin (Fig. 3).
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�سكل  )3( خطو�ت تخليق �لبروتين 

P A

P AP A

P A

Fig. (3) Steps of protein synthesis
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A ribosome has two sites where tRNA can bind. As a result of the events outlined 
above, the initiation codon, AUG, on the mRNA molecule is positioned at the first of 
these sites on the ribosome, Peptidyl (P) site. The mRNA codon for the second amino 
acid is lined up with the second site, the aminoacyl site. From this point, the polypeptide 
chain elongates by a cycle of three steps.

1. The first step is the binding of the next tRNA to an anticodon complementary to the 
next mRNA codon. The amino acid carried by this tRNA will be the next amino acid 
in the polypeptide chain.

2. The second step is the peptidyl transferase reaction, which results in the peptide 
bond formation. The peptidyl transferase enzyme, which catalyzes the reaction, is an 
integral part of the large ribosomal unit. This enzyme attaches the first amino acid to 
the second one by a peptide bond, so that the first tRNA is now empty and the second 
is holding both amino acids.

3. The third step in the cycle moves the ribosome along mRNA. This brings the next 
codon to the ribosomes Psite, and the cycle starts over again as the anticodon of the 
appropriate tRNA binds to the codone, bringing the third amino acid into position at 
the A site. The growing polypeptide chain is attached to the newly arrived amino acid 
on this third tRNA and the sequence repeats.

Protein synthesis stops when the ribosome reaches a stop codon on the mRNA. A 
special protein, called a releasing factor binds to the stop codon and causes the mRNA 
to leave the ribosome. The ribosomal subunits separate, as the 5`end of the mRNA 
emerges from the ribosome, it may bind to another small ribosomal subunit which 
initiates protein synthesis again. Each mRNA molecule typically has from several to 
over 100 ribosomes attached to it and transcribing its message as they move along. One 
mRNA with many ribosomes attached to it forms a cluster called a polyribosome or 
polysome.
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Molecular Technology

After the advances in knowing the gene stractur and how protein is synthesized. It is 
possible now to isolate a desired gene and grow millions of copies of it in the cells of 
bacteria or yeasts. It is also possible to analyze these copies to determine the nucleotide 
sequence in this gene and to compare the structures of different genes in the same or 
different organisms.

Once we have found the sequence of nucleotides we can determine the sequence of 
amino acids in the corresponding protein. In several cases, it was possible to transfer 
functioning genes into the cells of plants or animals.

It is possible now to make DNA by order.
In 1979 Khorana produced an artificial gene and introduced it into a laboratory 

culture of bacteria. Many laboratories are now equipped with "gene machines" that can 
be programmed to produce short strands of DNA in any desired sequence of nucleotides  
which can be used in experiments of protein synthesis. By changing the code so as to 
eliminate particular amino acids from a protein, biochemists can determine how the 
amino acids affect the function of the protein as a whole.

These achievements are products of the new technology of genetic engineering.

Techniques of molecular technology

Nucleic Acid Hybridization:
When DNA is heated to 100°C, the hydrogen bonds linking the base pairs are disrupted 

and the two strands of the double helix separate to produce single stranded DNA. Single 
stranded DNA is unstable and  when the temperature is lowered, it tends to stabilize by 
sticking (or annealing) to another single strand to form a double helix once again. Any 
two single-stranded chains of DNA or RNA can form double strands provided they have 
at least short complementary base sequences. The degree of annealing between any two 
nucleotide strands can be measured by the heat required to separate them again.

The more tightly the strands are bound together, the more heat will be required to 
separate them.
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The ability of single-stranded DNA and RNA to anneal can be used to produce 
hybrid, or mixed double helices by mixing nucleic acids from two different sources 
(for instance from two different species of organisms) and then heating thm. When 
the mixture is allowed to cool, some of the original helices will reform, but many new 
hybrid double-stranded helices will form, each made up of one strand from each source.

Uses of hybridized DNA

1. DNA hybridization can be used to tell whether a particular gene is present in its 
genom and in what amount. A single stranded sequence of nucleotides complementary 
to one strand of the gene in question is prepared; using radio-active nucleotides so that, 
the sequence is labelled and can easily be identified later. This preparation is then mixed 
with the unknown sample. The concentration of the gene in the sample is indicated by 
the rate of formation of radio-activedouble helices.

2. DNA hybridization can be used to determine evolutionary relationships between 
different species. The closer the evolutionary relationship between two species, the 
more similar their DNA sequences should be, and therefore the greater the degree of 
hybridization between them.

Bacterial Restriction 
Enzymes

It was known that viruses invade certain strains of E-coli which are restricted to these 
strains and cannot grow inside other strains of these bacteria. It was found in the seventies 
that the resistance strains of bacteria produce enzymes that attack specific nucleotide 
sequences in the viral DNA and break the DNA into useless fragments. These enzymes 
were called restriction endonucleases. The question now is why don't these enzymes 
destroy the bacterium's own DNA? In addition to the restriction endonucleases, each 
species of bacteria has modification enzymes. The modification enzymes bind to those 
particular sequences and attach methyl groups (-CH3) to the nucleotides on the bacterial 
DNA which are similar to the recognetion sites of virues which make the bactarial DNA 
more resistant to the action of these enzymes.
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It was found that resteriction enzyms are spread in micorganisms, and about more 
than 250 enzymes from defferent strains of bacteria. Each enzyme recognizes a specific 
sequence of four to seven nucleotides in DNA and cut the DNA at or near this recognition 
site. (Fig.4)

137مطابع روزاليوسف

�لجزء يحتوى  ما د�م هذ�  �أو حيو�نى  نباتى  �أو  بكتيرى  �أو  DNA فيرو�سى  �لنظر عن م�سدره   DNA بغ�ش 

على ن�سخة �أو �أكثر من تتابعات �لتعرف .

وتوفر �إنزيمات �لق�سر و�سيلة لق�ش DNA �إلى قطع معلومة �لنيوكليوتيد�ت عند �أطر�فها، كما �أن �لعديد 

 '' عليها  يطلق  �ل�سريط  مفردى  طرفين  ذ�ت  �لمزدوج  �للولب  قطع  تكون  حيث  مائلة  �أطر�فا  يكون  منها 

نف�ش  ��ستخد�م  عن  نتج  �آخر  ل�سريط  �أخــرى  قطعة  طرف  مع  تتز�وج  قو�عدها  لأن   '' �للا�سقة  �لأطــر�ف 

�إنزيم  بو��سطة  و�حد  �سريط  �إلى  �لطرفين  ربط  ذلك  بعد  ويمكن   )4 )�سكل   ، �آخر   DNA �أى  على  �لإنزيم 

جزئ  من  �أخرى  بقطعة   DNA جزىء  من  معينة  قطعة  ل�سق  �لباحث  ي�ستطيع  �لطريقة  وبهذه   . �لربط 

�آخر.

´3

´5

´3

´5

´5

´3

´5

´3

´5

´3

´5

´3

اأنزيم القطع

اأنزيم الربط

اأنزيم القطع

)�سكل 4( دور �نزيمات �لق�سر و�لربط فى قطع وربط قطعتين مختلفتين من  DNA عند مو�قع محددة 
Fig. (4) The role of restriction and DNA ligase enzymes to cut

and past two different DNA peices at recognition sites

DNA ligase
enzyme

The sequence of bases on the two strands of DNA at the recognition site are the same 
when each is read in the 5`→ 3`direction. Each restriction enzyme will cleave DNA 
from any source (viral, bacterial, plant or animal) as long as that DNA contains one or 
more copies of its specific recognition sites.

Restriction endonucleases provide a way to cut DNA into pieces with known 
nucleotides at their ends. Many of them also produce staggered cut ends in which the 
double helix is left with two single-stranded ends. These are called "sticky ends" because 
they will base-pair with any other single-stranded end produced by the same restriction 
endonuclease, and the cut ends can then be joined into a single strand by DNA ligase. In 
this way, researchers can splice a specific section of DNA into another DNA molecule.

Restriction
enzyme
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Cloning DNA Sequences

Biologists can produce several identical copies of a gene or piece of DNA (Fig. 5) by 
splicing it to a molecule that can carry it into a bacterial cell. This carrier may be phage 
or a plasmid.

To splice a foreign gene or a piece of DNA into a plasmid, samples of the plasmid and 
the gene (or DNA) of interest are both treated with the same restriction endonuclease to 
create complementary, single-stranded sticky ends. When the two are mixed, some of the
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 DNA استنساخ تتابعات
يقوم علماء �لبيولوجى باإنتاج �لعديد من ن�سخ جين ما �أو قطعة من DNA )�سكل 5( وذلك بل�سقها بجزىء 

ما، يحملها �إلى خلية بكتيرية ، وعادة ما يكون هذ� �لحامل فاج �أو بلازميد.

ولكى يل�سق �لجين �لغريب �أو قطعة DNA بالبلازميد يعامل كل من �لجين و�لبلازميد بنف�ش �إنزيم �لق�سر 

�لنهايات  بع�ش  فاإن  �لثنين  خلط  يتم  وعندما   ، ل�سقة  �لقو�عد  متكاملة  �ل�سريط  مفردة  نهايات  لتكوين 

�إنزيم  با�ستخد�م  �لثنين  ربط  يتم  ثم   ، للجين  �للا�سقة  �لنهايات  مع  قو�عدها  تتز�وج  للبلازميد  �للا�سقة 

�لربط .

بعد ذلك ي�ساف �لبلازميد �إلى مزرعة من �لبكتيريا ، �أو خلايا �لخميرة �لتى �سبق معاملتها لزيادة نفاذيتها 

�لبلازميد�ت  DNA حيث تدخل بع�ش  لـ 

هذه  نمت  وكلما   ، �لــخــلايــا  د�خـــل  �إلـــى 

�لخلايا و�نق�سمت تت�ساعف �لبلازميد�ت 

 ، للخلية  �لجينى  �لمحتوى  ت�ساعف  مع 

وتحرير  �لخلايا  تك�سير  يتم  ذلــك  بعد 

من  �لجين  ــلاق  �إط ويتم   . �لبلازميد�ت 

�إنزيم  نف�ش  با�ستخد�م  �لــبــلازمــيــد�ت 

يتم  ثم   ، ��ستخد�مه  �سبق  �لــذى  �لق�سر 

عزل �لجينات بالطرد �لمركزى �لمفرق ، 

كافية  كمية  �لباحث  لدى  ي�سبح  وبذلك 

�لمتماثلة   DNA قطع  �أو  �لجين  مــن 

تتابع  لــمــعــرفــة  يحللها  �أن  ي�ستطيع 

فى  زر�عتها  يمكن  �أو  بها  �لنيوكليوتيد�ت 

خلية �أخرى .

قطع  على  للح�سول  طريقتان  وهناك 

DNA لم�ساعفتها : فاإما �أن يتم �لح�سول 

)ف�سل  للخلية  �لجينى  �لمحتوى  على 

ق�ش  يتم  ثــم  بها(  �لتى    DNA كمية 

DNA سكل )5( �إ�ستن�ساخ� 

DNA قطعة من

  اأنزيم القطع

بلازميد

اأنزيم الربط

 Fig. (5) DNA Cloning
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plasmids sticky ends will base-pair with those of the desired gene, and the two can be 
joined together by DNA ligase.

After that, the prepared plasmids are added to a culture of bacteria or yeast cells which 
have been treated to make them more permeable to DNA. Some of the plasmids are 
taken up by cells, and as the cells grow and divide, so they replicate the plasmid along 
with their own genome. Now, the cells can be broken up and the plasmids recovered. 
Treatment with the same restriction endonuclease release the cloned gene from the 
plasmid. The genes and plasmids can then be separated by differential centrifugation. 
The investigator now has a sizable quantity of identical DNA molecules which can 
be analyzed to determine their nucleotide sequence, or treated so that they can be 
transplanted into another cell.

DNA for cloning may be obtained in two ways: cells are broken up and the entire 
genome cleaved with restriction endonuclease. A mammalian genome treated in this 
way may produce millions of DNA fragments. These DNA pieces are spliced into 
plasmids or phages and cloned. Then various selection techniques are used to isolate 
the DNA sequences desired.

The other way and the better, to obtain DNA for cloning, is to start with cells in 
which the gene of interest is active. For example, cells in the pancreas produce insulin 
and the precursors of red blood cells produce hemoglobin. In these cells there is great 
deal of mRNA carrying the message necessary to make the protein. Investigators can 
isolate this RNA and use it as a template to make complementary DNA, a process 
very similar to the replication of DNA. The enzyme that can make DNA on mRNA 
template is called reverse transcriptase. The enzyme is produced by viruses with RNA 
genomes which use it to convert their own RNA genomes into DNA that can be joined 
to hosts DNA genome. Once reverse transcriptase has produced a single strand of DNA 
its complement can be synthesized by DNA polymerase. The resulting double stranded 
DNA can then be cloned.

Now, the polymerase chain reaction (PCR) can clone pieces of DNA. This machine 
uses taq polymerase enzyme which works, at high temperatures. This machine is capable 
of making many thousand copies of DNA in few minutes.
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Recombinant DNA
The last decade or so has seen new accomplishments in the technology of recombinant 

DNA; the introduction of DNA from one organism into cells of another. Some scientists 
imagine a time when we will be able to introduce copies of normal genes into human 
beings whose genes are defective, thereby preventing much suffering and eliminating 
the need for the treatment of genetic deficiencies. (Obviously this could be a very 
dangerous technology if used for other purposes, and many people strongly oppose 
permitting research in this area).

The practical application of recombinant DNA

A) The production of useful proteins on a commercial scale. In 1982, the USA licensed 
the first recombinant DNA protein-human insulin, a hormone needed daily by 
millions of people with diabetes. Previously, all the insulin available was extracted 
from the pancreas glands of cattle and pigs, a long and expensive process.

 Althought bacteria-grown insulin is just as expensive, it is better for some patients, 
who cannot tolerate the slight differences between human insulin and that of other 
species. With improvements in production methods, bacterial insulin should become 
less expensive.

B) Researchers have also, developed micro organisms containing the genes for human 
interferon, proteins that interfere with replication of viruses (particularly viruses with 
RNA genomes such as those that cause influenza and pliomyelitiys). In the body, 
interferons are made and released by virus-infected cells, thereby protecting the cells 
healthy neighbours. It seems that interferons ought to be very useful for treating viral 
diseases (including some cancers). During the 1970s, the interferon for medical use 
was laboriously extracted from human cells and so was scarce and very expensive. 
In the 1980's, drug company research workers introduced 15 human interferon genes 
into bacteria, and relatively abundant and inexpensive interferons are now available. 
Preliminary studies using interferons to treat cancer have been disappointing, but this 
may be due to technical problems that can be overcome.

C) Agricultural researchers will probably soon be able to give crop plants genes for 
resistance to herbicides and important diseases. Much effort is going into attempts to 
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isolate and transplant the genes that enable members of legumes to house nitrogen 
fixing bacteria in their roots. If we can transplant the relevant genes into other 
crop plants and set them up with bacteria, it would eliminate the need for nitrogen 
fertilizers. These fertilizers are expensive to produce and apply, and often contribute 
to water pollution in agricultural areas.

D) Many uses of genetic engineering are still only dreams, but the dreams are coming 
true much faster than we might expect. Already workers have transplanted a gene 
from a strain of fruit flies into the embryos of another. The gene was inserted into 
cells destined to become reproductive organs. When the embryos grow up, they 
passed on the transplanted gene, which endowed their offspring with ruby-red eyes 
instead of brown (Since the gene was present only in the reproductive organs of the 
flies that received transplants, they themselves had brown eyes). Another team of 
researchers has introduced a gene for growth hormone from rats and humans into 
mice, who have grown to twice their normal size and also passed the gene on to their 
offspring.

On the other side, many people worry about what will happen if there is an accident. 
Suppose a strain of bacteria with a gene for a dangerous toxin were let loose on the 
world! Many workers feel that the chance of this happening is slight. Although the 
bacteria used in many recombinant DNA experiments are Escherichia coli, a species 
universally found in the human intestine, the actual strains used in the laboratory have 
been out of contact with real bodies for thousands of  generations. They have evolved in 
such a way that they can no longer survive outside their test-tube homes. 

The human Genome

In the fifties of the last century, the best biological discovery was the proof of Watson 
and Crick in 1953. It was that, the DNA is double helix strands. After that, scientists 
started to search all about genes and more discoveries succeeded. The idea of the genome 
appeared in 1980, the number of human genes was about 450 genes. In the middle of 
the eighties the number was doubled three times to be 1500 genes. Some of these genes 
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are the causes for the increase of cholesterol in blood (one reason of heart disease) and 
some cause cancer diseases. Scientists discovered that there is about 60000 - 80000 
genes in the human body which exist in 23 pairs of chromosomes which are known  as 
human genome. Only half of these genes are discovered till now. Chromosomes are 
arranged according to their sizes from number (1) to number (23), the chromosome 
(X) is not part of this arrangement as it follows the chromosome No (7) in size but it 
is arranged at the end of chromosomes. From genes which were determined the gene 
of finger print which is located on chromosome No (8), genes of blood groups which 
are located on chromosome No (9), the gene responsible for the formation of insulin 
and Haemoglobin are situated on chromosome (11), and genes of colour blindness and 
Haemophilia are situated on chromosome (X).

By continuing the research about genes and genome, to know the structure of the 
genome, we identified the function and structure of each gene in the human genome.

The uses of the human genome

1. Identifying the genes which cause the rare and common hereditary diseases.

2. Identifying the genes which cause the disabiliby of organs to perform vital activities.

3. Preparing drugs without side effects in the future.

4. Studying the evolution of living organisms by comparing the human genome with 
genes of living organisms.

5. Improving the offsprings by identifying the defected genes of the fetus before it is 
born and how to be cured (gene therapy).

Now, we can identify the characteristics of any human on Earth by analysing his hair 
or sperm to know his genome, thus we can draw a complete picture for his features by 
analysing one hair from his head.
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Questions

1. Choose the correct answer:

1. The ratios of the nitrogenous bases of a nucleic acid of an organism was found 
to be as follows:

 A = 12%                  U = 18%                  G = 39%                  C = 32%

 This nucleic acid is.

 a) ADN double helix   b) a single strand of DNA

 c) tRNA     d) rRNA.

2. The genetic material RNA is found in:
 a) rats     b) wheat

 c) the virus of AIDS   d) bacteriophage.

3. The codon is a three consecutive nucleotides on:
 a) DNA     b) mRNA

 c) tRNA     d) rRNA.

4. If the codone is triplet, the probability of the codones of different amino acids 
will be:

 a) 33     b) 43

 c) 34     d) 42.

5. A polypeptide is formed of 21 amino acids, the least possible number of 
nucleotides in its RNA would be :

 a) 21     b) 42

 c) 63     d) 69.
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2. The following is a part of a DNA strand.

143مطابع روزاليوسف

س1: اختر الإجابة الصحيحة :

1- عند قيا�ش ن�سبة �لقو�عد �لنيتروجينية لحم�ش نووى فى كائن حى معين كانت �لن�سبة كالآتى

C = 31%           G= 23%           A = 20%           T = 26%

هذ� �لحم�ش �لنووى يكون:

�أ- AND  لولب مزدوج                                           ب-AND  �سريط مفرد

  ANRr-د                                               ANRt-جـ

2- تكون �لمادة �لور�ثية ANR فى :

�أ-�لفئر�ن            ب-�لقمح            جـ-فيرو�ش �لإيدز          د-�لبكتريوفاج

3-�لكودون هو ثلاث نيوكليوتيد�ت متتالية على:

ANRr-د                ANRt -جـ         ANRm-ب           AND-أ�

4-�إذ� كانت �ل�سفرة ثلاثية فالحتمالت �لمختلفة لكودونات �لأحما�ش �لأمينية تكون

2
                          د-4

4
                   جـ-3

3
                ب-4

3
�أ-3

5-عديد ببتيد يتكون من 12 حم�ش �مينى ، �أقل عدد من �لنيكلوتيد�ت �لمكونة  mRNA تكون:

�أ- 12              ب-24                  جـ-36                          د-96

 DNA   س2: هذا الشكل يوضح جزء من شريط

�أ-�كتب تتابعات �ل�سريط �لمتكامل معه.

. ANRm ب-�كتب تتابعات

جـ-�ح�سب ن�سبة       من �للولب �لمزدوج

س1 اختر الاجابة الصحيحة مما يلى : أسئلة

1- من �أمثلة �لمناعة �لبيوكيمائية فى �لنباتات ............................ 

�أ- تكوين �لفلين       ب- �نتاج �لفينولت       ج- تر�سيب �ل�سموغ         د- تكوين �لتيلوز�ت 

2- كل ما يلى مو�د كيميائية تفرزها �لنباتات عقب �ل�سابة بالكائنات �لدقيقة عد� ...................

�أ- �لفينولت         ب- �لتيلوز�ت                    ج- �لجلوكوزيد�ت             د- �ل�سابونات 

3- من �أمثلة �لمناعة �لتركيبية فى �لنباتات �لناتجة كاأ�ستجابة للاإ�سابة بالميكروبات ................. 

�أ- تر�سيب �ل�سموغ       ب- تكوين �ل�سابونات    ج- �نتاج �لفينول     د- �نتاج �لجلوكوزيد�ت 

�نو�عها  �لى  وتمايزها    T �لتائية  �لخلايا  �لى  �لجذعية  �لليمفاوية  �لخلايا  ن�سج  يتم   -4

�لمختلفة فى .

�أ- نخاع �لعظام           ب- �لغدة �لتيمو�سية        ج- �لطحال                د- �للوزتان 

5- ت�سنع �لخلايا �لبائية B وتن�سج فى ...................................

�أ- �لغدة �لتيمو�سية       ب- نخاع �لعظام            ج- �لطحال               د- �للوزتان 

6- �لخلايا �لليمفاوية �لتى توجد فى �لدم هى ...........................

    T ب- �لخلايا �لتائية       B  أ- �لخلايا �لبائية�

ج- �لخلايا �لقاتلة �لطبيعية       د- جميع ما�سبق 

7- �لخلايا �لليمفاوية �لتى تهاجم �لخلايا �ل�سرطانية و�لأع�ساء �لمزروعة هى .....................

�أ- �لخلايا �لتائية T �لم�ساعدة                        ب- �لخلايا �لتائية T �ل�سامة 

ج- �لخلايا �لتائية T �لمثبطة                        د- جميع ما �سبق 

8- من �لخلايا �لتى لها �لقدرة على �لتهام �لميكروبات و�لج�سام �لغريبة..........................    

�أ- �لخلايا �لبلعمية �لكبيرة                           ب- خلايا �لدم �لبي�ساء عديدة �لأنوية 

ج- خلايا �لدم �لبي�ساء وحيدة �لنو�ة               د- جميع ما �سبق 

A   A   A   T   T   C   C   G   A   T   T   T   A   C

53

 a) Write down the sequence of its complementary strand.

 b) Write down the sequence of its mRNA.

 c) Calculate the ratio of  A  +  C
T  +  G

  from the double helix.

3. Gene X is formed of 150 pairs of nucleotides. What is the number of 
the amino acids that constitute the resulting protein?

4. Analysing a genetic material virus gave the following results concerning 
the ratio of its nitrogenous bases.

 G = 32%                  U = 18%                  C = 32%                  A = 18%

 What is the kind of nucleic acid this virus has? And why ?

5. In bacteria, the two processes of transcription and translation occur 
at the same time. This is because there is no nuclear membrane 
surrounding the genetic material.

 a) Both statements are true and there is a relation between both.

 b) The two statements are true and there is no relation between them.

 c) The two statements are wrong.

 d) The first statement is true and the second is wrong.

 e) The first statement is wrong and the second is true.

6. Which of the following statements is not true? Why?
 1. The two sub-units of ribosomes do not combine except during the translation of

          mRNA to the corresponding protein.

 2. The translation of mRNA occurs through one ribosome only.

 3. The mitochondria and ribosome have DNA.
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 4. The number of tRNA equals the number of the twenty amino acids.

 5. The gene is the protein that decides the appearance of the genetic trait.

7. Give reasons for the following:
 1. The position of one strand of DNA is opposite to the other.

 2. The ligases enzymes plays an important role in the genetic consistency of 

inheritance of living organisms.

 3. The genome of the salamander equals 30 times the human genome, but it represents 

a smaller number of traits.

 4. The ability of bacteria to degrade the viral DNA.

 5. The presence of the reverse transcriptase in viruses whose genome is RNA.

 6. The genetic code is an evidence for evolution.

 7. The viruses have quick mutations.

 8. Thousands of ribosomes are built in one hour.

 9. The polyadenine tail of mRNA is not translated into amino acids.

 10. Proteins are different despite the resemblance of their building units.

8. What is meant by each of the following:
 Plasmid - Polyribosome - Release factor - Human genome - The genetic code - 

Anticodon - Initiation codon - Stop codon.

9. Choose from column B what suites statements in column A.
       A                        B
 1. Deoxyribonucleic enzyme  a) repair defects in DNA.

 2. DNA helicase    b) separate DNA strands.

 3. DNA polymerase   c) degrade DNA completely.

 4. Reverse transcriptase   d) breaks DNA in certain places.

 5. Ligase enzymes   e) add new nucleotide in the direction 5`.

 6. Restriction endonuclease  f) transcribes mRNA from DNA.

 7. RNA polymerase   g) transcribes DNA from RNA.
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10. Compare between:
 a) DNA and RNA nucleotides.

 b) DNA in prokaryotes and eukaryotes.

 c) Structural and regulatory proteins.

 d) Replicated and recombinant DNA.

11. Most of the studies concerning the discovery of the true genetic material 
used viruses and bacteria. Explain one of these experiments where the 
viruses and bacteria were used to prove that the genetic material is 
DNA and not protein.

12. What is the importance of the human genome?

13. Briefly, explain the steps of protein synthesis starting with the 
transcription of the genetic information.
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