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 پیغام

 MANUU( ��� آزاد � اردو ��ر�  ا� اے اے � � ��ى �� � �� �ر� � ا� ا� � ذر� �� � �۔ � ا�  1998) 

 � � ���� A+  �� � ورا� اور � � � اردو �� � �� ر�� 2) اردو ز�ن � �وغ، (1(� �م � �� �: �� اس �۔ � (

اس ��ى �� � � �ت وہ ) �ا� � � � �� �� د�۔ � 4��، اور () روا� اور ��� ��ٴ � � ذر� � �ا� 3اور د�ب ��، (

� � �درى ز��ں اور ��� ز��ں � �  2020� د� �م ��ى ��ت � �ز �� � اور ا� ا� ا�اد� � �۔ �� � �� 

  �۔�� �� � زور د� �

�� �� � اردو ا� اردو � ذر� � � �وغ � � � �� اردو �� وا� � �� �ى �م اور �� � ر�� آ�ن �� ��۔ 

اس �اد � ا�� �ر�  � �� � ز�دہ ��ں � ذ�ہ ��د � اور � � 350� در� �اد � � ر� �۔ اردو ��ر� � �س اب اردو � 

 �۔ 

� وژن � �� �درى/�� ز�ن � � �اد �ا� �� � �� � � � � � ا� � ا� ا�از � �۔  2020اردو ��ر� ا� اى � 

�ا�ں � �زہ ��  �� � � اردو �� وا� � اردو � �� � �اد � �م د�� � � � اُ�� �ں اور �� � ��ت � ��دہ

ت � � �ر �ار �ا � � � اردو ��ت و ا��ت � �ل � �وم � ر� �۔ ��رہ �� �ا�ں � �اد � د�� � �و� �لِ ��

 داں � � دا�را� �� � ا� ا�از ��۔ 

س ا� آن �� ا��
ف
ئ
ٹ
اردو اور �  (CDOE)��� اور آن �� � � � � و �ر� � � � � �� � � ��ر� � � �ر ڈسئ

 ) � �رى � � �� �۔ SLM� �اد (�� �  �د ا�

MANUU � � � � �� �� اور آن ��� SLM � ردو � ذر� � �� �� � د� ر� وا� اُ  �اد � �و� �ا� �� �۔ �

 اردو/�ى/ا��ى/�� �� � � �� دا�ے � �� �� � د�ب �۔ � � ر�� �ا� �م � ��  ، eSLM 

 �۔ر� � � ڈاؤن �ڈ � � د�ب � ��ر� � و� �� 

�۔اے، �۔ا� � اور �۔�م � ��ں � ا�� � �  FYUG � � � �� � � � � � � اور � � � �ون � �و�

� �رى اور ا�� � � ��ر� �  (SLM) �ادا�� �� � �وع � � �۔ ��� اور آن �� �� � � � �� � � �د �ے 

� � �� �ں � اور اس � �ور�ت � �را �وا� ا� �ے � � ا� ر� �۔ � � � � � ا� �د � �اد � ذر� اردو �� 

 � �را �� � اور ا� � � ا� ��د� � �� �ا � �۔�م  ��ر� � �ِ

 !� �ؤں � ��

 �و� � � ا�

 �� � ا��، 

 



 
 

 پیغام
��ٴ � � �ر � � � �� � اور �ى �اد � �گ اس ��ٴ � � ��ہ ا� ��دہ دور � ��� � � د� � � ا� �� �� اور � 

و� � � ��� � �  ر� �۔ ��� آزاد � اردو ��ر� � � اردو ز�ن �� وا� �ام � � �ور�ت � �� ر� �� ا� �م �

س ا�� 1998رف �ا�۔ ��� آزاد � اردو ��ر� � �� �
ف
ئ
ٹ
آ�ز � اور �م � � ��  (�� ��� �) � ڈا��ر� آف ڈسئ

 � ���ہ �و�ام �وع ��، اس � � � � �ت �� � �۔ 2004

س ��� � � � � � �م � � �� �ر � 
نن

ٹ
�ڈ � � � وا� � (ODL)� �� � ا� ا� �دار ادا � �۔ او� ا� ڈسن

س ا� آن �� ا��
ف
ئ
ٹ
ڈى اى � � ��� اور -�ر �ہ �۔ � � � ڈى اى � �-� � ر� �، � � �(CDOE)�و�ام، � � �ر ڈسئ

� � �� ��۔ �� ��� آزاد � اردو � �ر  � آ� �� � زور د� � �� ��� � �� �� وا� � ���ہ � � �ب �

ڈى -� � � � ���ر� � � ��� اور روا� دو�ں ��ٴ � � ��ت �ا� �� �، اس � ا� ��  )ڈو� �ڈدُ�ے �ز (��ر� ا� 

  �  �  ��  ��  ��  �   �ط  ر� �  �   اى �   �اس  ��ٹ �   (CBCS)�ا� �   �ا�  ��رف �    Self)�اد ا���د

Learning Materials)  �� � �� ۔� �� �ے � �ر � �� � � ��ا�  اور ��ٹ 

س ا�
فن

ٹ
) �و�ام � �� � � � � �، � �، � ا�، ڈ�� اور �� �و�ام �� �۔ 19� ا� ((CDOE) آن �� ا��� �ر ڈسن

� � � � �� �ر � 2020-ا� اى ��  2025اس � �� �� � �ر�ں � � �و�ام � �وع � � ر� �۔ � ڈى او اى � ��� 

� � آ�ز ڈ�ى �� �� � � � ا� � ا� � �� ڈ�ا� � � � � آ�ز �و�ا�ں �و�ام � آ�ز � �۔ � اے، � ا� � اور � �م 

 � ا� � اے �و�ام او ڈى ا� �ڈ � �رف �ا� � �۔ 2026-2025�ل � �۔ � �د 

ز (�رآ�د، �،  � �� � � � ر� �ز (�رو، ��ل، در�، د�، ���، �، �، را� اور �ى �) اور � � ر� ���� � 

� �� � � �۔ ان ر� اور � �ں، �ح، وارا� اور ا�اؤ�) � ا� و� � ورك �� � �۔ اس � �وہ و� واڑا � ا� ا� � 

اور � �و�ام � � و� �� � ر� � �� � � � اور ا��  (LSCs) � ز�دہ �� �رٹ � �س� � ا� �  وںر� �

س ا� آن �� ا�� ا� � ا
ف
ئ
ٹ
ور ا�� ���ں � آ� � � � ��ر ا�ل �� � اور ا� �م ��ت �ا� � � �۔ � �ر ڈسئ

 � �ف آن �� �ڈ � ذر� � دا� �ا� �� �۔ ں�و�ا�

ى�ر� �
ٹ
س ا� آن �� ا�� � و� �� � د�ب �ا� �� � اور آڈ� و و�� (SLM)� � � � �� مبىب

ف
ئ
ٹ
� �� �� � �ر ڈسئ

� � �  ر�رڈ� � � � و� �� � �ا� � �� �۔ اس � �وہ � � اى۔� اور وا� ا� �وپ � �� � �ا� � � ر�

گ � ذر� ا� �و�
خ
س�ئ

خ
گ، ا��ت و�ہ � �رے � � � �� �۔ ���ہ �ؤئ

خ
س�ئ

خ
ام � � �ؤں � �رس ر��، ا��، �ؤئ

گ � �ا� � � ر� �۔) Remedialزا� �ار� (�وہ �� دو ��ں � � � � �ر � � �� � � 
فئ
س�

ف
 آن �� �ؤئ

س ا� آن �� ا�� � اور �� �ر � ��ہ آ�دى � �ى � � د�رے � ��ا
ف
ئ
ٹ
�� � ا� ا� �دار  � � �� � � � �ر ڈسئ

ں � � � اور �� � � اس � �� � �و�ا� � ��(NEP-2020)ادا �ے �۔ � �ور�ت � �� ر� �� � � ��

س �� � �م � �� �� اور �رآ� �� � �د � �۔
زب

ٹ
 � او� ا� ڈسب

 �و� � ر� ا� �ن

 ڈا��، � ڈى او اى،��

 



 
 

 �رس � �رف

 �رس � �رف

ادارہ � � �م �� � �م � اردو ز�ن � � �� � ��ر �ش �� �۔ ��� آزاد � اردو ��ر� ا� �رى اور � � 

� �  اس ��ر� � � � � � � �اد � اردو � د�ب �وا � � � �ل � آ�ن �� ��۔ �� � ��ت اور �رات

 � �� � �� اور � �� � و� � � � � ان � � � �� �۔� �درى ز�ن � � � �، �� �

 � �۔ اس � �رس ا� � � � � �ر � � � �� �م ��ت � � اور د� ���ت � آ�ن اور � اردو ز�ن � �ن �

ا�ور اردو ا� � �� � � � � �� � � � � د�ارى � � اور � � � � � � �  �رس � �� ا��ت � �

 ورا� �ان � � � �� � �� �ے۔

�،  "1-�� ��ت"�۔ �رس � �ان � �رس � ا� � (� �) � � � � � د� � � اور ا� دو �� � � � � 

 � � � � ��، ا�ل اور � ��ت � � � رو� ڈا� � �۔

ىاات" � � �، � � �و�ر�� اور ���� �ت � �� � �از� اور ان � ا� ا�اء � ب
خ
�  � �ك "� � �� اور عض

ڈ �� � اور �� ��� �ڈل  � �
ڈ
� و�� � � �۔ �ز� � � �� اور اس � ا�ل � �ص �ر � ز� � �� � �، � � �پ

ىسوو�،  و��، ��� ا�م، �وكسئ
ئ

و�، �� �، �� ى
ٹ ����ر� اور � �� �۔ اس � �وہ �� ��ت � ا�و�ز� ر�ى

ىس � ��، �� �، �� �ر �، ��ازم اور  ئ
ئ
��� � � را��� � � � � رو� ڈا� � �۔ �� �آں، �ك�ئ

 � �� � � �۔

) � � �ں اور ان � ا�ل � �� �� �۔ دو�ا �ك � ��ت � � �، � � �� �رد� (�ؤ� ��و�پ

 � � � �� �آں، �و�ر�� اور ���� �ت � �� اور � � ��ہ � � �� �۔ �� ز�� � �� � � �ا� � �

 � �ر � � �۔�� � �� � �� � �� ز�� اور �� ��ارى � 

��� آزاد �  �� �� � اردو � �م د�� ا� �ا � ر� �، � � �� � اور ا��ہ دو�ں � د�ارى � �� �� �� �۔

 ا� � �� ��۔ اس �رس � �ہ �� اردو ��ر� � � �وش ا� � � � � ر� � � اردو داں � اور ا��ہ � �

 �اد � �� آ�ن اور �م � ا�از � � � � � �� � � �ل � �� ر�وٹ � ر�۔

 

 

 �رف ا� ڈا�

 ىى � آرڈ �رس
نن
�ر ىى 

ٹ � 



 
 

 

 

 

 

 

 

 -1�� ��ت
 (Cell Biology-1) 

� 

 � �ل
(Lab Manual) 
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 � ��ا��اور  ���و�ر :1 ا��
                                                      (Prokaryotic and Eukaryotic cell) 

 ا�� � ا�ا

1.0 �)  Introduction( 

1.1    ��(Objectives) 

 )The Cell - An Overview ��ہ (�ا - � 1.2

 Cell: A Fundamental Theory and Modern) � �اور � �� ىد� �: ا� 1.3

Research) 

1.4 ��  �� �� ) ��Biochemical Composition of Cell( 

 (Water: The Solvent of Life) � �ل : ز���� 1.5

 (Domains of Life) � �ت ز�� 1.6

 �م ىدر� � �ت � � � � �رل وو� 

 (The Prokaryotic Cell) � ���و�ر 1.7

 (Eukaryotic Cell) � ���ر� 1.8

 (Comparison of Cellular Organisation) � �از� � �� 1.9

 � � ں� ���ر�اور  ���از�: �و�ر �و� 

 ا�ل اور �� اور ��اروں � ں� 

 Difference Between Prokarotic and)�ق � � ���ر�اور  ���و�ر 

Eukaryotic cell) 

 (Learning Outcomes) �� ا�� 1.10

 (Keywords) ا�ظ ى� 1.11

 (Model Examination Questions)�ا�ت  �� ا�� 1.12
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 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  

 (Long Answer Type Questions) �ا�ت � �� �ا�ت �� 

1.13  ��(Glossary) 

 

1.0 �  )Introduction( 

� (Cell)  ا�ح ��� �  "�"ز�� � �دى ا�� � � �م �ورى ��� ا�ل ا�م د� �۔ �"Kytos"  �

� �  1665�  (Robert Hooke) � � � را�ٹ �ك ��ذ �، � � � "�" � "�� �" �۔ � � �ر

� �ت � ��ہ �۔ ا�ں � ��، ڈ� � �� د� اور ا�  (Cork) � � ا�ں � �رد� � ذر� ا� � �رك

"� (Cells)" م د�۔ � در�� � ��ت� � (Cell Biology)  اس �ت � � � � �م � � � �م � ا�ا � اور

 ��اروں � �دى �� اور � ا��ں �۔

   ازاں، ا�ن 1839-1838�
ش

�  ىااس ھئ
ت
ىئ  مئ � (Matthias Schleiden) ان�   �ڈور  Theodor) اور

Schwann) � �� � (Cell Theory) د�۔ اس �� � �� � �، � � ��� �م � ا�ب � ��: 

 �م ��ار �ت � � �� �۔ .1

 � �م ز�ہ ا�م � �دى �� اور � ا�� �۔ .2

� ��  1855�  (Rudolf Virchow) �م � � � ��د �ں � �ا �� �، اس �ر � رُڈو� ور� .3

 و�� دى۔

� �� � � � �� � � �� �  (Molecular Biology)  �رد� اور ��� ��تو� � �� ��

 :� � �د دى۔ آج، �ت � دو �ى ا�م � � � �� �

 �ا� � .1 ِ� (Prokaryotic Cells) – � � � � �� � �ىس� �دہ اور ا�ا� �� ر� وا ئ
ئ
  �ك�ئ

(Nucleus) ىاات ت
ض
 عض  �ے �  �   �� (Organelles) اور  ��۔ ��  � (Bacteria) �آر   اور

(Archaea) اس � �� �۔ 

ىس – (Eukaryotic Cells) �ِ �ا� � .2 ئ
ئ
اور �  (Nucleus) � �ہ � �� � � � ا� �ح � � �ك�ئ

ىاات ت
ض
اور  (Fungi) ��د �� �۔ � � �ا�ت، ��ت، �� (Membrane-bound Organelles) دار عض

 � �� �� �۔ (Protists) �و�
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اور ���� �ا� � ردِ � � �ى  (Metabolism) ، ���م(Reproduction) ، ��(Growth) � �و�

 ا  �� �۔  ادا  ا�ل � � ��ت، �ت�دار  اور ��� ��� (Medicine) ، �(Genetics) ن � �� اور

(Biotechnology)  ��ں � ا�� ا� ر� �۔ �ِ �ا� اور �ِ �ا� �ں � �ق � ار�� �ت اور ز� � �

  � �د د� �۔� �� � �د� � � �

1.1      ��(Objectives) 

 ۔� � � � �� � آ�� � �� � �� ز اور ان � ا�ل اور �ا� ىدر� � ا�م � � اس ا��

  � � ��، � ت�� �� �� � � � � � ن� � � و�� � � �اور اس � �ر ��در اس 

)Cell Biologyار� � � �۔ � ( 

  � �� )Cell Theory� ( �ن� �ا� � آ�ن ا�ظ � �� ��ا�ں � اور اس � ت � �  �� �

 �د �۔ ا�ل � � ىد� � اس � �

  � � � ا� �ا�م  ىددو� ِ� � )Prokaryotic Cell�اور �ِ �ا ( � )Eukaryotic Cell�ن) � در 

 �۔ � � � � � � ت�� اور � �� ا� �ق اور ان �

  � � �ىد �   ( ا�اء  �Cytoplasm���زم ،( 
ئ
ى ك�ئ  �Nucleus( سى ،(� � )Cell Membrane ،(

 
ض
ى عض  �� � � �ر � � � �۔ ا�رو� � � �� � � و�� � � ہ) و�Organelles( ااتى

  � � � � و �� ( � ا�ل �Locomotion� ( ىر� )، �اNutrition) ا�اج ،(Excretion�� ،( 

)Reproduction۔� � �ا� � ت� � ں��� ��� �) اور د 

 ) The Cell - An Overview��ہ ( �ا - � 1.2

�") "Cell� ( ) ا�ح � � � **را�ٹ �كRobert Hooke � **(1664 � � ا�ل �،  �

و �Cork�رك ( �) � ذرMicroscope( �رد� ا�ں � ا�ا�
ش ٹ

۔ �ك � � � ���، ڈ� � �� د ) � �

 ��در ا� ت� � �� ذر �رد� )** � �Antonie van Leeuwenhoek( و�ك� �و *ا����ان *

 )** اور � ا�م � �رد ��ى Red Blood Cells( ت)، �خ �ن � �Sperm Cells( ت� **� � � ،�

)Microorganismsى � **"ا ) �� �۔ ا�ں � ان � ��اروں
ى

 
نن


ى 
ى
ى �  ى � ى  ۔  �د �م)** � Animalcules" (كوو�ى

 �ت آ� � ں� �� �۔ و� � �� �رد� ں�دو � �� �� � ��ڈ�� در ا�رو� �� � � ��،

� **را�ٹ  ،** �1831۔ **� ���ں � در ہ� �� � �د � ��ا�ں � � � ں��ر �رد� دہ�اور ز ،�
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�ص �� �  �� ا�ر ا ا�ا� � � � � �� � ر� �، � ا�ں � � )** �دوں �Robert Brown�اؤن (

  �د
ك�
ن
ن
سىى اور ا� **"

ئ
 ۔  ���ہ** � �م د �) Nucleus" (ئ

�دہ  ��ف ا اس � �م �ا � � ��م �، � ا�� �ا � د� ) �Cell Biology( ت�� �� ��در �

� **��ہ  �� � ��  ت� �� �� ،۔ � �ا� ا�اء ��د �� � � �، � � ا�� ہ� �� ا �� �

)Nucleus�اد ( ��، �ں اس � �م � �ول � ىد� � � )** در�Genetic Material   ) �ظ �� �۔ 

 اBiology( ت�� آج � ،ر� د� ) �Cell Theory( �� �� � �ں�در ا�ا� ان �  ا�ل � اور �م  ىد� �)

 �۔ ��د د �� اور ا�ل � � � ��اروں �

 
 

 Cell: A Fundamental Theory and Modern) �دى �� اور �� � �: ا� 1.3

Research) 

ا�ن (Theodor Schwann) � �ڈور �ان 1838
ش

� � ��ہ � �  (Matthias Schleiden) اور �س �

ت � ��ں �� �� �� �۔ � ��د � (Animal Tissues) اور �ا� ��ں (Plant Cells) �دوں � �ت

��  � د�� � � �ر � � � � � � �م ��ار �ت � � �� �، � ز�� � �دى �� اور � ا��ں �، 1830

 .M.J� �د �، �  (Cell Theory) "��� �"�م �� ڈ��ں � �دى ا�� �۔ � ��  (Atom) ا� �ح � ا�

Schleiden  اورT. Schwann  �1838-39 ۔� � � 

��  �   ��ار، � (Bacteria) و�زوا�   �ى(Protozoa) اور �   اور �  ��  �  �  �   ا�  �ف ، 

(Unicellular)  � ،ار �� �، � د� ��ار���� (Fungi)دے� ، (Plants) اور ��ر (Animals) � ت� � ،

��ار �� �۔ �� � ا� � �ت �� �� �، � �دے اور ��ر  (Multicellular) � �� � اور � �ى
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   ��ار � ��   �اہ �   �۔ ��  �  �   � �ت  ا�م � ��  ��  �  �   �ت �   اس  �ى، �  �  �  �ى

 ��د �� � اور ان � � ��� ا�ل �ں �� � �ا�م �� �۔ (Structural Features) ��ت

 �ت � �� � �� �ں � �� �  �� �ت(Biochemistry) آج � دور � ، (Biophysics) ،

��ں �  35� �� � � � �� �۔ ��  (Physiology) اور �ت (Histology) ، ��ت(Genetics) ورا�ت

 � � �ت � �رے � � ا� در�� � � �، � � � � �، � �م �� �، اور �ہ ��اروں � � �ح ��ط

 ز�� � ا�ل �ا�م د� �۔ � اب � اس �ان � �� در��ں � �ورت �� �۔

�� �� (Cell Theory) � � ان اس � � � � � �ت � � ��د �ت�� � � � (Cell 

Division) ذر� � �۔ ا�� �ى � (19th Century)  �آ� � ��ا�ں � � در�� � � �ت � ورا �

 � �رت � ��د �� �۔ � � �ت � �� �� (Chromosomes) �و��� (Genetic Material) �اد

(Biochemical)� ، (Physiological) �اور ورا (Genetic)  � ،� � � � وا� � � � � �ى اور � ��ت

 Biochemical) �ى دو�ں ا�م � ��اروں � � � وہ �دى �� ا�� � � �� �اد � ذ�ہ �� � اور ��� �

Organization) ار ر� �، � ز�� � و�د � و�� �� �۔�� � 

   ��ت �  �   ��ت �  �   اس ��  ،�   ا� ��  ��  � (Health)ادو�ت  ، (Drugs)ر�ں�  ، 

(Illnesses)ج�  �  ، (Medical Treatment)��  ، (Reproduction)��  ����  ، (Environmental 

Problems)ار�ء ، (Evolution) ��اور �� �ر � ز (Life) � � د � �۔ � � �ر� � 

� � ڈا� � اور � ا� � � �ں � �  (Biochemical Composition) اب � � � �� �� ��

 ا�م � و�� �� �۔

1.4 � � �� �� ) ��Biochemical Composition of Cell( 

) Bacteria( ���د � ) �Rocks��ں ( (ارب) �ل �ا� � 3.5 �� ��ا�ں � � آپ �� � �

 �ل � و�د � � 3.5� �ر �  �� �� � � ز�� �اس �  ؟� � ��) درFossils�دہ ��اروں � �� ( �

 زآ� �  �   ز�� � �� ل� دہ�۔ �   ( ى�ر � �Ocean Surface�  �   �� ،�� ا)  ز� �ں  ��ل  � �

)Atmosphere�( آ�� �ر� ڈا� ا�اء ��د �، � � �� اس و� � � ) � را� �ا۔ زCO₂� �و�� ،( 

)N₂�� رات ( �� �ار � ) اور� �H₂O۔� �� ( 
 

) N₂)، ��و� (Sulfur: S�� ( �� � �د � رو�۔ � ��� ��د � ز� ) �H₂( � رو���
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 NH₃( )، ا��H₂S( �� رو�� �� آ� ) � �� �� �Carbon: Cاور �ر� (
م
 ) اور 

ى ى
ھ 
ت
�

ى  ��ت و�د  ) �CH₄( نن ى

 ا) �Nucleic Acids( ز�ا �) اور �Amino Acids( ز�ا �ا ���ت � ذر �� �۔ ان ��ت � �آ� �

 ۔�رت � � � �� � ىد� � � ز�� ،�
 

 � �ر ار�� ز�� � �  � � ،ى�ا�   ،�رت � � �ص �� �  � �ر�  ىد� ز�� ں�اور �ر

) �� �� Elements� �� ( �� � 50 �� ۔ �م ��اروں �� � � �) Carbon Compounds��ت (

)، Nitrogen)، ��و� (Hydrogen( رو�)، ��Carbon)، �ر� (Oxygen( آ� -� �ف � ��  � ان � ،�

� )Calcium: Ca) اور ��رس (Phosphorus: P� ۔�� � � 99� وزن �  ) ��اروں 
 

 ہا�م � � و� �� � �ر� ا �و�  ى� �ا �� � د� � ) � �م ز��Carbon�� � �ر� ( � �رت

 �)، �ڈPotassium: K( ��� ا� �� � �ر� �۔ د �� ) �� �Organic Compounds��ت ( ���

)Sodium: Naر� ،(� )Chlorine: Cl� اور ( )Magnesium: Mg� � � (� 0.8 � � �� وزن، �� � 

 ا �� � ،��د �� � �ار � �� � � 0.2�� 
ى ى
 
�

ى 
ى

س
ٹ
ننن

� )Trace Elements� ۔ �م ��اروں� �� � ( 

 �۔ �� �� �� ں�� � ءا� �� �� وا� ��

 )Chemical Composition of Cell( �� �� � : �1.1�ول 

 (Element) � (%) وزن � �ظ � � (Element) � (%) وزن � �ظ � �

 0.25% �� (Sulphur) (Oxygen) آ� 68%

 0.20% ��� (Potassium) (Carbon) �ر� 18%

 (Sodium) �ڈ� 0.15% (Hydrogen) ��رو� 10%

 (Chlorine) �ر� 0.15% (Nitrogen) ��و� 3%

1.5% � (Calcium) 0.05% � (Magnesium) 

 �� �ار (Phosphorus) ��رس 1.0%
 (Trace amounts) 

 و�ہ �  ،��   ز�،  آ�ن،
(Fe, Zn, Cu, Mn, etc.) 
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 (Water: The Solvent of Life) ��: ز�� � �ل 1.5

� ��  (Solvent of Life) "ز�� � �ل"� �� �، ا� � ا�  %80-60�� ��اروں � � وزن � �� 

 و�ع �� �� �۔ (Cellular Reactions) �۔ �� وہ �دى و� � � � �م �� ��ت

ىوو� (Dry Weight) � � �� � وزن ىكت �� �� �، �  (Biomolecules) � � ا�م � �� ��ت

ر
زز  ى

ٹ
ڈز(Proteins) �و�

ڈ
۔ آپ ان ا� (Carbohydrates) اور �ر���ر� (Nucleic Acids) ، �� ا�ز(Lipids) ، �پ

ىوو� � �ت اس �رس � د� ا��ں � �� �� �۔ ىكئ  �� ��ئ
 

ىوو� � � وزن � �ظ � � �ار1.2�ول  ىكت  : � � �� ��ت

�  �   وزن � 
(%) 

ىوول ىكت  � (Biomolecule) �� ��ت �   وزن � 
(%) 

ىوول ىكت  (Biomolecule) �� ��ت

ر 71%
زز  ى

ٹ
 (Carbohydrates) �ر���ر� 5% (Proteins) �و�

ڈز 12%
ڈ
 ��ت 5% (Lipids) �پ ���  � (Inorganic 

Minerals) 

 ا�ز 7% �� (Nucleic 
Acids) 

- - 

 

 (Self-Assessment Questions - SAQ) ا� ��ت � ��

 :�� زد �ن � �ن �) ✗( � �) ✓(درج ذ� ��ت � � 

1. ( ) ��� (Potassium) �اور �ڈ (Sodium) �� �� � � (Trace Elements)  �� ر � ��د� �

 �۔

ر ( ) .2
زز  ى

ٹ
 � � �دى ا�اء � � � ز�دہ �ار � �� �� �۔ (Proteins) �و�

 �م ��ار �ت � � �� �۔ ( ) .3

 ��ل � ا�م � � �۔ (Aqueous) �� وا� �� � ا� آ�� �  ( ) .4

 � �ن � �ن زد ��۔ (✗) � � (✓) ذ� � د� � �ں � � .5

(a)��� (Potassium) �اور �ڈ (Sodium) س
ٹ
نخن

ى� ى�ى ن

 �۔ (Trace Elements) � � ��د �� ا
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(b) ر
زز  ى

ٹ
 � � �دى ا�اء � �� �۔ (Proteins) �و�

(c) م ��ار �ت � � �� �۔� 

(d) وا� ��ت �� � � (Cellular Reactions) آ� �ل (Aqueous Medium) ۔� � � � 

 ✗ (d)، ✓ (c)، ✓ (b)، ✗ (a) :(Answers) � �ا�ت
 

 (Domains of Life) ز�� � �ت 1.6

 :ا�ا� ��ت دا�ں � �� � � ز� � �� �� وا� �م ز�� دو �دى �و�ں � � �

��ار ��  (Single-celled) اور � � �ى (Fungi) � � ��ر، �دے، �� – (Eukaryotes) ��ر�� .1

 �۔

 اور �� �م �د� ��ار �� �۔ (Bacteria) � � �� – (Prokaryotes) �و�ر�� .2

�  (Ralph S. Wolfe) اور ان � �� را� ا� وو� (Carl Woese) ��، ا�� ��ت دان �رل وو�

 (Prokaryotes) در�� � � در� ز�� � �دى �و�ں � � �۔ ان � � � �م �ا � � � �و�ر��

�  (Eukaryotes) �� �، وہ ��� �ر � دو �� � �و�ں � � � اور ان � �� �� ا��ر�� ��اروں

 :� � �۔ ��، �و�ر�� � �� دو ا� �و�ں � � � �

1. ��� (Eubacteria) – �� �ا � (True Bacteria)۔ 

 � �م د� �۔ (Archaea) � � � آر� – (Archaebacteria) آر� �� .2

 (Terrestrial) � ز� (Aquatic) � � � � آ� (Microorganisms) ا� ��و آر�� (Archaea) آر�

� �� � �� �۔ � � آر�  (True Bacteria) � ا� ����ل � �� �� �۔ ان � ��� اور �� �

 ��ار ا�� � ��ت � ز�ہ رہ � �، � �� �� � ز�دہ �ت وا� ��ل �۔

 �رل وو� � � �ت � � در� �ى �م 

 :� �دى �ت � � � (Tree of Life) "ز�� � در�"�رل وو� � �� 

 (Archaea) آر� .1

2. �� (Bacteria) 

 (Eukaryota) ��ر�� .3
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ىس (Single-celled) � �ى (Bacteria) اور �� (Archaea) آر� ئ
ئ
 ��ار �، � � �ت � �ك�ئ

(Nucleus) د � ��۔�� 

ىس�  (Eukaryota) � ��ر�� ئ
ئ
ر (Well-defined Nucleus) �ت � ا� وا� �ك�ئ

ز
ى�ر نزن


 اور � � �ے آرگ

(Membrane-bound Organelles) د �� �۔ اس � ��ر، �دے، �� اور �و�زوا�� (Protozoa) ۔� �� 

"Karyon"  � � � � � ��� �ىس"ا ئ
ئ
 �۔ ��، "�ك�ئ

ىس � �"� � �  (Prokaryote) "�و�ر�ٹ" • ئ
ئ
، � ا� � � � وا� (Before a nucleus) "�ك�ئ

ىس ��د � ��۔ ئ
ئ
 �ك�ئ

ىس"� � �  (Eukaryote) "ا��ر�ٹ" • ئ
ئ
ىس ا� (True nucleus) "ا� �ك�ئ ئ

ئ
، � ا� � � � �ك�ئ

� (Nuclear membrane) ��� �زم� ذر (Cytoplasm) ا� �� �۔ � 

 � در� �ى ��اروں � ��� ار� اور ان � �� � � � �د د� �۔

 
 

 ز�� � � �ت اور �� � � �د � در� �ى1.2� 

� (Cells) ��  ��    (Structural Complexity) ا� �   �د اور  (Prokaryotes) �و�ر���

� � � � � �۔ ا�� �و�ر�� اور ا��ر�� � �� � ��ں �ق �� �� �، �  (Eukaryotes) ا��ر��

 :ان � � �دى ��ت �ك � �، � � � درج ذ� �

 م � �� ��ت� (Genetic Information) � (Genes) ظ ر� �۔� � 

 ���ر (Ribosomes) �م �ت � �و� (Protein) رى � �د د� �۔� � 

 �� � � ر
خخ  ى

ٹ
 � �ول �� �۔ (Functions) اور ا�ل (Structure) �و�
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 � � اے (ATP - Adenosine Triphosphate) �ىوول �ا ىكئ � � � � � �م �ں � ا�ل �� وا� �دى ��ئ

 �۔

 � �م �ت � �ز� (Plasma Membrane)  �� �د �� �، � � � ا�رو� � � �و� ��ل � ا��

 �۔

 اب � �و�ر�� � � �� ��ت � � � � �۔
 

 (The Prokaryotic Cell) �ر�� ��و 1.7

�، � ز� � �� �� وا�  (Microorganisms) ��و آر�� (Single-celled) �و�ر�� � � �ى

 �� �۔ (Archaea) اور آر� (Bacteria) ا�ا� ��اروں � �ر �� �۔ �و�ر�� � ��

 : � �دى ��ت�و�ر�� � •

ر � • ى
ئ

ر (Nuclear Membrane) ان � � � ��
ز
ى�ر ئ

ز
 Membrane-bound) اور � � �ے �� آرگئ

Organelles) �ر���� � � (Mitochondria)ڈى� �� ، (Golgi Bodies)��رو� ، (Chloroplast) 

 �۔��د � � (Lysosomes) اور ��وزو�

� ا� �ص �� � ��د �� �،  (Cytoplasm) � � �ا �ا � ��، � ���زم (DNA) ڈى ا� اے •

��� � (Nucleoid) ۔� �� � 

ى��چرر� �� •  ا� �م �و�ر�� ��ار – (Escherichia coli) اى

� �� �� � اور ���  (Intestinal Tract) ، � ا�� آ�ںا� �م �و�ر�� ��ار � (E. coli) اى۔��

 � � ا� �ے �� � ا�ل � �� �۔

وو �� (Rod-shaped) اى۔�� ا� �ى � •
ٹ
بنىگبىب


 �۔ (Gram-negative Bacterium) �ام ب

 � � �� �۔ (Lipopolysaccharides) اس � � � �و� � ���� �ا�ز •

ىنن  (Cytoplasmic Membrane) اس � ���ز� � • ڈو گ�نىكن
ٹ
ىڈ ن

ٹ
� � ��د ��  (Peptidoglycan) اور نپنىنپن

 �، � � � ا� �ص � اور �� �ا� �� �۔

 �ڑا �� �۔ (µm) ��و� 1� اور  (µm) ��و� 2اى۔�� � � ��  •

 Diagrammatic) اور � �� (Electron Micrograph Image) اى۔�� � ا�ان ��و�اف ��
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Sketch)  � ���1.3 (a) اور (b) د� � �۔ � 

 
 

(a) (b) 

 � 1.3 :(a) E. coli �و�اف�� ان� ا (b) E. coli � ۔ �� � �� �� اس � ��� �ا��ڈا� 

 � ����ہ �و�ر �ا – ت�� �� ) �E. coli( ۔��ىا

 �: � � � ن�د � � �ت � ��� درج ذ ��ار �، � ���و�ر �� ا ،۔��ىا

 

 )Cell Wall( ار�د �� .1

�  �ا � ار��۔ اس د � � � �� �، � � �� � � � � ) �Sugar) اور � (Protein( �و� �� �ا �

 ىى �� � � تپ  �ورك � ��
ٹ
ى ٹپٹ ڈوى

ڈ
  ڈ

گ�
ى ك ىى   ۔) � �Peptidoglycan( نن ى

  �ام
نن
ووىى گ ىى 

ٹ
 ىى پپ  ) �Gram-negative Bacteria( �� ٹ

ٹ
ى ٹپٹ ڈوى

ڈ
  ڈ

گ�
ى ك ىى   % �� �۔10 �� � وزن � � ار�د �� نن ى

% � 20 �� � وزن � � ار�د �� �� اور  �� دہ��ار ز اس � ) �Gram-positive Bacteria( �� ��ز �ام

 �۔

 ىى پپ  ا��
ٹ
ى ٹپٹ ڈوى

ڈ
  ڈ

گ�
ى ك ىى  اس  �، � ��د د ) ��ار ر� �Shape) اور � (Mechanical Strength( �� �� � � نن ى

 ىى �۔ پپ  �ا�زت د � � �و� اور � � � � �� � � �
ٹ
ى ٹپٹ ڈوى

ڈ
  ڈ

گ�
ى ك ىى   �۔ � د�� � 1.4b�� �  � نن ى
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a                                             b                         

�� 1.4) :a� ( ىد� وال � � � �� ) �ام � اور �ام ��b� (� � 
ئ
ئ
ى �و�  ۔كنن ى

 )Plasma Membrane( . �ز� � .2

 � ،� �ز� � �� )Cell Membrane�  ( �  ،�  ��   �� ا�رو� � ار�د ��  ��د �  ڈ ��۔ �
ڈ
پ  ز���ى

(Phospholipids) - 45% ر
زز  ى

ٹ
ى �م ��  ىد� � اس �۔ � � �� 55% - (Proteins) اور �و� ى ك ى  ) � �Molecules( وو�ى

 ) � �ول �� �۔Transport� ا�ر اور �� � �ؤ (

و .3
ٹ ى

ئ
 )Cytoplasm( �زم��

 �۔ �� ى) � �Plasma Membrane( �� � � �ز� � ا�رو� � � �

4. ��� )Nucleoid( 

و
ٹ ى

ئ
ى وا� ��  �) � اDouble-stranded DNAاے ( �ا ىڈ ڈ�) � ا�ر ڈ� ا�Cytoplasm( �زم�� ى ك ى ��د �� �، �  وولى

 �� �۔ � � ) �Circular DNAدار � ( � �ا

ر � د ��اس � � ���،  � �ا �ا � � �) �� �۔Bacterial Chromosome�و��م ( ��� � ى
ئ

� �� 

)Nuclear Membrane� ۔�� ) ��د 

 )Plasmids�ز�ز ( .5

 � دہ�ز  ( ا�ا � ��  ڈExtrachromosomal�و���  � �ا ى) ��   ��د  �ے ��  ��  �   � ،اے

 ) � �� �۔Plasmids�ز�ز (

 ۔� ) � آزاد ��Bacterial Chromosome�و��م ( ��� � ،� ��ت �� �� � �ز�ز

 ��۔ ا) �Antibiotic Resistanceدواؤں � �ف �ا� ( � ،� ��د د ز�ہ ر� � ��اروں � � ��ت � �
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 )Ribosomes. را��� (6

و
ٹ ى

ئ
را���  � ،) ��د �� �Granular Structures�� �ا�� ڈ�� ( �� � 25,000 �� � �زم��

)Ribosomes۔� �� � ( 

 ۔��ت �� � ىد) � �Protein Synthesis( ىر� � �و� را���

ج ىى . ف� 7 ى �  )Flagella( �اى

 Protein-based� � ( �و� �
ت
تخ

�
ى ) �  ۔� �د �� ) �� �Motility� �� ( �� � ،� �� ںى

8� .� )Pili( 

  � ��ر ) � � وا�Cell Wall( ار�د �� � ت� ۔��ىا �
ت
تخ

�
ى �  ) � �� �۔Pili( �� � ،� �� ںى

 ۔� � � � � �دو�ے �) Copies of Plasmids( ں�� �ز�ز � ��د � � � ��

 )Capsule( ل. �9

پ�پ  و�� � � � � � پ�
�پ�

 ) � � ��ل �Eubacteria( ��� ل��۔ ) ��Sticky Outermost Layer� ( ى

 �۔ ��د د ز�ہ ر� �

 )Storage Granules( ےا�اء � ذ� . �ا�10

و �� � �
ٹ ى

ئ
 �� � � ہ�دے ذ� �ا� �) اور دFats) �� ،(Starch( �� ا�اء � � �ا� � �زم� ��

 ۔) ��د �� �Storage Granules( ��� �ا�ر

 ا� ��ت � ��

 :درج ذ� �ا�ت � �ا�ت د� �� آپ ا� � �� � �� �

1. � (Cell) ز�� � �دى ا�� �ں � �� �؟ ��� � 

 �ں � �دى �ق � �؟ (Eukaryotic) اور ��ر�� (Prokaryotic) �و�ر�� .2

 �ں � ��؟ (Nuclear membrane) �و�ر�� � � ��� � .3

 وا� ��ں � �م �� اور ان � ا�ل � و�� ��۔ � � � �� �� (E. coli) اى۔ �� .4

 � � اور � �� � � �ح �د د� �؟ (Plasmid) �ز� .5

ىنن  .6 ڈو گ�نىكن
ٹ
ىڈ ن

ٹ
 �� � � � د�ار � � �دار ادا �� �؟ (Peptidoglycan) نپنىنپن
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 � � �ن � ا�اء ذ� دار �� �؟ (Protein synthesis) �و�ر�� � � �و� �� .7

 � ��د ذ�ى ا�اء �ن �ن � �� � اور ان � � �م �؟ (Cytoplasm) �و�ر�� � � ���زم .8

 � � � � ا�ل �� �؟ (Capsule) �� � �� �� وا� �ل .9

10. �� (Flagella) �� اور (Pili) اور ا�ل � �اً �ن ��۔ �� � 

 (Eukaryotic Cell) ��ر�� � 1.8

 ا�� � اور اس � � ا� �� ��ت ��د �� � � �دہ  (Eukaryotic cell) ��ر�� � ا� �ہ

ىس� � �� ��۔ ��ر�� � (Prokaryotic cell) �و�ر�� � ئ
ئ
��د  (Nucleus)  ا� وا� �ر � � �ك�ئ

ر
خ
ى�ر ئ

خ
 :� �� �� �، � � (Organelles) �� �۔ اس � �وہ، ��ر�� �ں � � � � � آرگئ

� �د � �  (Cellular energy exchange) � � � ا�ر �ا�� � �د� – (Mitochondria) ����ر� •

 د� �۔

ىوو� • ىكن ن
ٹ
� � ا� �ى  (Membranes) � � � ا�ر �ں – (Endoplasmic reticulum) ا�و�ز� رنىن

 � � �دوں � � و � � �د د� �۔ (Canal-like system) �م

ا�م د� � اور � �دوں � �� و  ا�ل (Secretory) � � � ��ى – (Golgi apparatus) �� ا�� •

 �و� � �د د� �۔

و �� •
ئ

�� (Lysosomes) – ا�ر ��� ا�ل � � � (Digestive processes)  � ا�م د� � اور � �ورى

 �� �دوں � � �� � �د�ر �� �۔

 �1.6 (Fig. 1.6) � ر�� �ا� �� ا� �م� (Eukaryotic animal cell)  � ��ت � د�� �� �

 �۔

� ڈ� �� �، � � �ف � � اس �  (Cell wall) ا� �� اور � د�ار (Plant cells) ز�دہ � ��� �

ى�ى د�ؤ بخب

� � �ظ  (Osmotic pressure) ور او�� د�ؤا (Mechanical pressure) �ص � د� � � ا� مكبى

 ر� �۔

ر  (Polysaccharides) � ر�ں � � �� � � � د� �� �ا�ز (Cellulose) � د�ار ��ز
زز  ى

ٹ
 اور �و�

(Proteins) �� � (Matrix) ا� � �� �۔� � 

� ا�ر  (Plasma membrane) � � ا�ر � �، � �ز� � (Materials) � �� د�ار �� وا� �دے
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 � � � �� �۔ (Cell wall) �� �، اور آ� �ر �� د�ار (Release) ذ�ہ � �� �، � � � � �رج
a 

   

a                                                                              b                                

        � 1.6) :a� � و�اف؛ ( ان� ا� ) ��روں��b� � ۔�� � ��� � ) ��روں 

 (Comparison of Cellular Organisation) �� � � �از� 1.9

ر
خ
ى�ر نخن


� �� اور ا�ل � � � �� ��  (Organelles) � اس �� � د� �ں � ��ر�� � � آرگ

�  (Cell Organisation) � �� � (Eukaryotes) اور ��ر�� (Prokaryotes) �۔ �، آ� �و�ر��

 از� ��۔�

 �و� �از�: �و�ر�� اور ��ر�� �ں � � 

 �و�ر�� ��ر��

�� � � ،�� (Blue-green algae) ار�� (Organisms) 

 (Cell size) � � �� � � (µm) ��ون 1-10

 (Metabolism) ���م (Aerobic) � ا�و� (Anaerobic) ا�و�

ر � � �� �
ز
ى�ر نزن


 (Organelles) آرگ

  (Circular DNA) � ��د۔ �� �اد دا�ہ � ڈى ا� اے ر ى
ئ

�� � � � �

� �� � � 
ىس ئ

ئ
 (Nucleus) �ك�ئ
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 �و�ر�� ��ر��

ىس � ��د ئ
ئ
 (Nucleolus) �ك�ئ

 (Cell division) �� � (Binary fission) � ��ى � (Amitosis) اى �س

ھتىسس � ��ے
ت
سىت

�ز� � � ��د  (Enzymes) � ��د، �� � اور ��

� �� 
 (Mitochondria) ����ر�

 (Chloroplasts) �رو�� � ��د

نز 
ٹ
ى�ئىئ  (Cytoplasm) ���زم � �� (Cytoskeleton) ���زم � �� ��سكئ

� وا� � � ان دو�ں � � �ں � � ��ں �ق �� �� �۔ �و�ر��، � � ��، �م �ر � � 

�  � � � � ر� �، اور � آ� � د�� � د�۔ اس � ��، ��ر��، (µm) �� �� �، ا� ��ون

اور ��  (Shapes) � �ے �� �، اور ان � ا�ل 10� �دوں اور ��روں � �، �� � �ں � �� � � از � 

 � � �� � � �ق �� �� �۔

 �ں اور ��اروں � ا�ل اور �� 

� �� د� �� �،  (Tissues) �، � � ا�م � ��ں� ز�دہ � � � �� ��  200ا�� � � 

� �: 

ىم • ى�ى ھت
ت
ىى تپت

 (Epithelium) ا

و •
ش ٹ

ىوو � ن
ٹ
نننىكن


 (Connective tissues) ك

• �� �� (Muscle tissue) 

 (Nervous tissue) ا�� �� •

 (Blood) �ن •

• � � (Germ cells) 

• � � (Sensory cells) و�ہ۔ 

�ت � � ا� � �� �، �� �  (Biochemical) �و�ر�� � ا� �دہ �� � و� � �� �وى

ى��پرر� �� �  20  �30�� �  (Escherichia coli) � �ى � �ى �اد � ا�ا� � � �۔ �ل � �ر �، ائ
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 ، اور � و� � � � د� � � � ز�دہ �� � �� وا� �و�ر�� � �۔� � � � �

ىوو� اور � � ا�اء � �� ��1.4�ول  ىكئ  : ��� ��ئ

(���) �� (1 nm 

= 10⁻⁹ m) 
ىوول / � � �و ىكت  ��� ��ت

(���) �� (1 nm = 

10⁻⁹ m) 
ىوول / � � �و��� ىكى   ��ى

0.5 nm ��ا (Alanine) 300 nm 
 Tobacco) �� �ز� وا�س

mosaic virus) 

0.7 nm ز�� (Glucose) 2000 nm � �� اى۔ (E. coli cell) 

3.5 nm ڈز
ڈ
پ  18 nm (Phospholipids) ���ى

 اى۔ �� � را���

(Ribosomes in E. coli) 

6.8 nm ��� (Haemoglobin) 20,000 nm � � � (Liver cell) 

160 nm ��� (Myosin) 1500 nm 
 Mitochondria in) ����ر�

liver cell) 

25 nm 
ب 

ى
ف

��� OX 174 

(Bacteriophage OX 174) 
8000 nm 

 Chloroplast in) �رو��

leaf cell) 

 

 (Difference Between Prokarotic and Eukaryotic cell)� � �ق�و�ر�� اور ��ر��  

 �� ��ر�� � �و�ر�� �

 ��اروں � ا�م �و�زوا، ا�، �دے اور ��ر ��، � � ا�

 � � �� ��ون � � 100-10 ��ون � � 1-10

 ���م (Aerobic) ز�دہ � ا�و� (Aerobic) � ا�و� (Anaerobic) ا�و�

� � � � 
و �م 

ئ
ىس، ����ر�، �رو��، �� ئ

ئ
�ك�ئ

 و�ہ ��د
ر
ز
ى�ر نزن


 آرگ

�� �� � �  (DNA) � ��د، �� �اد

 ��د �� �

ىس ��د، � �و��� � � ئ
ئ
 �� �ك�ئ

� 
ىس ئ

ئ
 �ك�ئ



26 
 

 �� ��ر�� � �و�ر�� �

س ��د � ��د
ئ
 ���ئىئ

نف 
ش
فش

 �ى � �س � �س � ذر� � ذر� (Amitosis) ��ى 

� ��د، �� � اور رو� � �د � �ا�� �� وا� 

 ا�ا� �ز� �� � ��د �� �

ا�ل ��د، اور �ا�� �ا �� � � 

� �� 
 ����ر�

 �رو�� �دوں � �ت � ��د � ��د

نز 
ٹ
ى�ئىئ  (Cytoskeleton) ���زم � �� ��اسكئ

 ��د � ��

ا� � 
ئ

 �و� �� نض
ٹ
ى�ئىئ ا� وا� ��اسكئ

� �� � 

 ���زم

 � ز�دہ �ہ، �ے اور �� �� �� �۔��ر�� � �و�ر�� �ں � �� 

  (Learning Outcomes) �� ا�� 1.10

 ۔ � �� �  � اس ا�� 

 ا�م � در� �ى اور اس � ا�ل و �ا� � � � �ن � � �� � � آ�� � � � �د �۔ 

  �رو� ڈا� � �� �� ��ت � � در��، �� اور �ر � � � (Cell Biology)  � �ار �

 � � �۔

  �� � (Cell Theory)  اور اس � �� ��ا�ں � �ا� � وا� � � �� اس � �دى ا��ں

 � � � �۔

  ��و�ر� (Prokaryotic) ��اور ��ر (Eukaryotic)  ں � �از� � � �� ان � �� اور�

 ا�ل � �ق � � � �۔

  ىاات ئ
خ
ىس، �� �، اور عض ئ

ئ
� �ت �ا� �  (Organelles) � � �دى ا�اء � ���زم، �ك�ئ

 �۔
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 (Keywords) �ى ا�ظ 1.11

ىس � ��۔ وہ � � � �� � ��ہ � � � ئ
ئ
 �ِ �ا� � Prokaryotic Cell �ا �ا �ك�ئ

ىاات ��د  ئ
خ
ىس اور � � �ے عض ئ

ئ
وہ � � � ا� وا� � دار �ك�ئ

 �� �۔
Eukaryotic Cell � �ا� ِ� 

اور وہ �� � �ن �� � � �م ��ار ا� � ز�دہ �ت � � �� � 

 � ز�� � �دى ا�� �۔
Cell Theory �� � 

��اروں � در� �ى � ا� �م � ا� �� �دى �� � � �� 

 �۔
Five Kingdom 
Classification 

�� �م در� 

 �ى

ىاات Organelles د� �۔� � ا�ر ��د �� �� اور � ا�اء � �ص �م ا�م  ت
ض
 عض

 

  (Model Examination Questions)�� ا�� �ا�ت  1.12

  (Objective Answer Type Questions) �� � � �� /� �ا�ت � �� �ا�ت 

 )MCQs�ا�ت ( �د ا��

 ��د �� �؟ �ن � �و � � ت� ���و�ر .1

)A� ( 
ئ
ى ك�ئ  ) ���زمB(            سى

)C� �ز� (            )D���را ( 

 ) �A�اب: ( �
ئ
ى ك�ئ  سى

 ؟� � ) �Domainsدا�وں ( ىد� ��اروں � � � وو� �رل .2

)Aدو (              )B� ( 

)Cر� (             )D�� ( 

 ) �B�اب: ( �

 �؟ ز�ہ رہ � � تدر� �ارت اور � � � � ا�� وہ �ن � ) �Microorganisms( ت�� �ذ .3

)A� (�             )B�آر ( 

)C�� (             )D 
ٹ ٹ

 ) �و�
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 ) آر�B�اب: ( �

 ؟� � � ���� � � �و�ر �� � � ���ر�� �ن � �  � �ذ �ر� .4

)Aرا��م (            )B� �ز� ( 

)Cر���� (�            )Dزم��� ( 

 �) ����رC�اب: ( �

 �� �؟ ��اد �ں � �� � ت� ���و�ر .5

)A� ( 
ئ
ى ك�ئ  � ��) �B(           � سى

)C� (�� �            )D( � زم��� 

 � ��) �C�اب: ( �

 �؟ ��د د ز�ہ ر� � � � ��ت � �ن � �و � �� � و�� � �� .6

)A� �ز� (            )B� ( 
ئ
ى ك�ئ  سى

)C� (ل            )Dرا��م ( 

 ل) �C�اب: ( �

 ؟) �ں �� �� �Enzymes�� وا� ��ے ( ا� �ا�� � � ���و�ر .7

)A� ( 
ئ
ى ك�ئ  ) ���زمB(            سى

)C� �ز� (            )Dر���� (� 

 ) �ز� �C�اب: ( �

 �ل �: �) اE. coli( ۔ ��ىا .8

)A�� (             )B (�ٹ��ر 

)C� (�             )Dوا�س ( 

 �) �C�اب: ( �

 ؟�ن � ��ار �� � � ىدر� � � ت� ���ر� .9

)Aو�زوا� (            )B� (� 

)C�� (             )Dدے� ( 

 �) �B�اب: ( �

  � ت� ���ر� .10
ن
ى �� �� وا� آرگئ زززى


 �؟ ��د د ) �Transport( �� � �ن � �اد � � �
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)A�� ( ى�ڈ            )B� ( 
ئ
ى ك�ئ  سى

)Cرا��م (            )D� (�� 

 ى�ڈ ) ��A�اب: ( �

 (Short Answer Type Questions)ت � �� �ا�ت �ا� � 

1. � (Cell) اور اس � در�� � �رے � � � �ن ��؟ � � 

� در�ن �دى �ق �  (Eukaryotic Cell) اور ��ر�� � (Prokaryotic Cell) �و�ر�� � .2

 �؟

3. �� � (Cell Theory) دى ا�ل � � اور � ��ا�ں � اس � ا� �دار ادا �؟� � 

 � � � �ن ��؟� �� اور اس � � ا�اء � ا�ل  (E. coli) اى۔ �� .4

 Carl) � �� ��ت �ن � � اور �رل وو� (Biological Classification) ��� در� �ى .5

Woese) � �ح � ڈو� � � (Three Domain System) رف �ا�؟� 

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 

1. �� � (Cell Theory) و�� �� اور اس � �دى ا��ں � � � رو� ڈا�؟ � 

� �� اور � ��ت �  (Eukaryotic Cell) اور ��ر�� � (Prokaryotic Cell) �و�ر�� � .2

 � �از� ��؟

� � �ن ��، � اس � ��� ا� � رو� � � � ��، ا�اء اور ان � ا�ل �  (E. coli) اى۔ �� .3

 ڈا�؟

 (Carl Woese) � �� ��ت � رو� ڈا� اور �رل وو� (Biological Classification) ��� در� �ى .4

 � و�� ��؟ (Three Domain System) � � ڈو� �

ىاات � (Eukaryotic Cell) ��ر�� � .5 ت
ض
� �ت �ن �� اور ان � ا�ل �  (Organelles) ��د عض

 رو� ڈا�؟
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1.13  ��(Glossary) 

 ا��ى ا�ح اردو ا� اردو �دل ��

 � ان � �دى �� اور  �م ��ار �ت � � �� �،

 � ا�� �۔

 �دى  �  ��اروں

 ا��
� Cell 

وہ �� � �ن �� � � �م ��ار �ت � � � اور � 

 � � � ��د �ں � �ا �� �۔
 Cell Theory �ى �� � ��

ىاات ��د  تخ

ا� � � � � � �ا �ا ��ہ اور � دار عض

 � ��، � ��۔
 Prokaryotic Cell �و�ر�� � � �� �� �

ىاات ��د ��  تخ

وہ � � � وا� � دار ��ہ اور � دار عض

 �، � ��روں اور �دوں � �۔
 Eukaryotic Cell ��ر�� � �� �� �
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 ��ر��۔
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 در�   وو� �رل

 �ى
Three Domain 

System 

وہ �� �� � � � ا�ر ��د �� � اور �ص ا�ل 

ىس۔ ئ
ئ
 ا�م د� �، � ����ر�، �� �ڈى، اور �ك�ئ

ىااتع  �� ا�اء ت
ض
 Organelles ض

وہ �� � �و�ر�� �ں � ��ہ � � ��د� � ڈى 
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 اور  �  ��   ��د �  ��  �  ىوول ىكب  ��ب  اے  ا�  ڈى  ا�� وہ

 �ص �� ��ت ر� �۔

 اے   ا�  ڈى ا��

 �و
 Plasmid �ز�

� � �و� � � ا�رو� ا�اء � �� �� � اور �دوں � 

 دا� اور ا�اج � �ول �� �۔
 Plasma �ى � �و� �� �

Membrane 
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2.0 �(Introduction) 

اور �ك ��  ىد� �� �� �، ا ) �Plasma Membrane� � (� � )Cell Membrane( �ز� �

� ر�وٹ  �ا ��۔  ��ل � �� روا� �� �� � اور �ر� � ��ار ر� � �، اس � ر� ے� � � � �

)Selective Barrier�� ل � �ظ  ا�رو� ں��،  � ا�ر اور �� �ر� � � �� � � �دوں � � ) � �ر � �م��

�اہ وہ  ں،�� �م ��ار � ىد� ��۔  �و� �� ) �Physiological Processes�ں ( ��ر� �� � �

 Prokaryotic( ���ر �  �ں  �Eukaryotic( ���ر � �) ،( ��   � ��د  اور �� )   Cellular�ازن

Homeostasis� �۔ �دار ادا �� ى� ) � ��ار ر� 

�ر ) ر�وٹ � Responsive( ) اور �ا�Flexible�ار ( �ا �� �  � � � �� ذ� �� � � �ز�

�ت � ا�ر  ى�۔ اس دو� ��ار ر� ) � �Structural Stabilityا�م ( � � �� ر� �� � �م �� �

ڈ��  ىد� � � ) � � ��Lipid Bilayer� ( ىدو� � �ر � �� ىد� �۔ �ز� � � اور � �د �� اس �

)Structural Framework� ( � ��  ىدو� ��۔ ) ڈز
ڈ
ڈز (Phospholipids� ���پ

ڈ
)، Glycolipids)، ���پ

��  �د �� � � �ار ا�از � �� � � ) � � ��Molecules) � ��ت (Cholesterol( ولاور ��

 ۔�

ڈز
ڈ
��رو��  ان � � ،�ت � �� �� � ى� � وہ دو� � �� �� ) �Phospholipids( ���پ

)Hydrophobic - �� �ُى اور ��روف  � �ف ر� وا�) د  �۔ � � �� وا�) � �� � �� - Hydrophilic( لكى

دز � �د�د د �� ىدو�
ڈ
اور  � �� �� ا�ر � �، �ں ��رو�� دُ� �ا�زت د � �د �� � � ىو����پ

ى ��روف   ۔) �� �Interaction� ��ت � �� �� ( � ارد�د � �� ،�� �� � � �� � لكى

�، �  � � ن� �) � ذرFluid Mosaic Model�� ( ��ز ل� � � ��ر� � �� � � �ز�

 �� �۔ اس �� � ��، � � ) � �G.L. Nicolson�� ( �ا ) اور �S.J. Singer� � ( �ا � 1972

ر  ں� � �� ��ز ل�ك اور � �� ا � �� �
ز ز ى

ٹ
 � � ا�ر �� ى� ��ت دو� � � �۔ �� اور �و�

) ��Lateral Mobility� �� ڈ� � ��  �� اور � اور � � � �ار �� � � � ،) � ��ہ �� �

 ۔�� �

ر ل� اس
خخ  ى

ٹ
ر ��( � �ر �ر� � � � �ر � � ��  �� �� � ڈ�� � ا�ر � �و�

ز ز ى
ٹ

 Integral - �و�
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Proteins (� � � � �� ے� � � �) ر
ز ز ى

ٹ
ر �)۔ Peripheral Proteins - �و�

ز ز ى
ٹ

 � � �� ا�ل � ا�م د �و�

 اور Enzymatic Activity( ��� ى)، ��Transport� � ،( �� )Signal Transduction( �� �دوں � ،(

�  �
خ
ى ا�خ  )۔Intercellular Communicationروا� ( اا�ى

) اور ا�م � ��� �، �� Cholesterol� ( � � � �� �� � �� )Fluidity( ول�� � � �ز�

 ��د �� � � �ر�ر��� � ۔ اس � �وہ، �ر� دہ�ز � � � � � � � اور � � ں�� در� �ارت � �

ڈز  ���  �� 
ڈ
ر �) Glycolipids -(���پ

ز ز ى
ٹ

ر �و�
ز ز ى

ٹ
 �ر�ر��� �۔ ) � �� �ے �� �Glycoproteins - (���و�

 (Cell Recognition�� ( �اور � � � � �دار �� و�� � � �ز�  �ؤ ،(Adhesion�اور �ا  رد�  )،

)Immune Response� ( ۔� �دار ادا �� �ا 

آ�ں،  ��ل � �۔  �) � اCellular Functionality( � �� � ر�وٹ � �� �� ا � �ز�

 �� �ا� �  �   ا�اج  اور  دا� �   �دوں ��   اور  � ا�اء، �   � و�� ��  �   Signal( ��  ���ل

Transmission( ��� �ذ ا�� � �۔ � ��روا� ��  �) � ذرSelective Permeability� (  ا�ر ��د �

 ) اور � � �Metabolic Functionsا�ل ( ��� � ا� �، � � �� آ�ں اور ��ت � �ازن � ��ار ر� �

 �۔ ى�ور

 � ،�از �وہ  �ر �� �ز�  اور �� �Cell Signaling( ىا�رہ ( ��   ادا � � ��د  � �۔ � ا� �دار

ر
ٹ پ )، Gene Expressionا�ر ( � � ،رد� � �ك �� � اور ا�رو� ) � �� �Ligands� ( �� و�� زر�ى

 ۔� � �� � ��م� �� �)، Enzyme Activation( ��� ى��

گ، اور �ؤ  �ا�اء � �ل، � � ا�اج، � �ا� �ں � ��� ىد�� اور � � � � � � �ز�
نن
�

نن
سگ

ر ��، اور � ��ز ل��، � � � �ب � �ا� �۔  �� � � � �
ز ز ى

ٹ
 ل� ا� �راور �ر��� � وا� �و�

�، �  اس � �دار � � �� � �� �� � � ��� اور � � ڈا� �۔ اس �ب � ا�م �، آپ � � رو�

 �۔ ى�ور �� � � اور ار�ء � � ز�� ��

2.1 ��(Objectives) 

 �: � � �اس �ب � � �� � � آپ 
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 �ز� � )Plasma Membrane� ( �� ۔ � � � �� اور� 

 ڈ
ڈ
 �۔ � � ن� � ا� اس � �� � � ) اور �Lipid Bilayer( � �� �پ

 �� ��� ) ڈل�Fluid Mosaic Model� اور   � ��ار ر� �Fluidity( روا� � ) ( �   اس � �دار

 �۔ و�� � �

 �ر � � �ز
خخ  ى

ٹ
  ) �Proteins( ��د � ا�م � �و�

ٹ
ن
ن
ى ان رPeripheral( ل�) اور �Integral( گررلى

ز ز ى
ٹ

 � ) �و�

 �۔ �� � �

 �  ر
ز ز ى

ٹ
 Cellرا� ( �)، اور �Signal Transduction� �ا�� ()، Transport( � � ا�ل � �و�

Communication� � (۔ � � ن� 

 � �ول�� � ��ار ر� � � ا�م اور روا )Cholesterol� � � ۔ ) � �دار� 

 ر
ز ز ى

ٹ
 ��� Glycoproteins( ���و�  اور ى پپ ىى ) ڈزى

ڈ
 Glycolipids( ڈ �  (�� )   اور Cell Recognition�ن (

 �۔ �دار � وا� � � ) �Adhesionا�ل (

 �۔ � � نا�ر اور �� � و �� � �ا� � � �دوں � �� ذر � �ز� 

 �اس � � � � �ز � ��� )Physiological� � ۔ ) ا�ل � �� ��ط� 

 � �� ) �Cellular Processes� ( � �ا� �� �ر � � � ى� � �ك �� � �ز � � 

 �۔

 (Structure of Plasma Membrane)�ز� � � ڈ�� 2.2

1. �   �(Plasma Membrane) �ز� �  �  ، (Cell Membrane)    ا��  ا� ،�  ��  �   �ك�

(dynamic) اور �ار (flexible) �� � � � � �� (boundary)  �ر � �م �� �۔ � ا�رو� �

� ا� �� �،  (extracellular space) � �و� �� � (intracellular environment) �� ��ل

�� � � (integrity) و� ��ل � �� را� � ��ار ر� � اور� (communication)  �� آ�ن �

دز
ڈ
ر(lipids) �۔ �ز� � �دى �ر � �پ

ز ز ى
ٹ

 �و� ، (proteins)�اور �ر���ر  ، (carbohydrates)  � �

�  (diverse functions) اور � ا�ل (unique characteristics) �� �، � اس � �د ��ت

 �دار ادا �� �۔
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 ر�وٹ (semi-permeable) � �� د� � � �� � �ر�ر (intricately) � ا�اء �� �ر� � .2

(barrier) دوں�  �  �  �   دى � (substances) �آ  �  ��   �ح  اس  اور  �ے، �  �   ر�  و  آ� � 

(cellular homeostasis) ار ر�۔�� � 

 ر�وٹ .3 �   ا� �   �و� �  �  ،�   ر� �   �دى �  �   ا�ل �   اس  ڈ�� �  �   selective) �ز�

barrier) �ر � �م �� � �� �� � �� �ا� � (cellular processes)  ل �دار ادا �� �۔� �

 دو �ت�ز� �  د
ڈ
 (structural integrity) � � �، � �� �� (lipid bilayer) � �دى �� ورك �پ

رز (fluidity) اور روا�
ٹ پ  �ے �� � � ر�ى ر

ز ز ى
ٹ

 اور اس � �� �د �و�  �ا� �� �۔ اس دو �ت � ا�ر

(receptors)�  ، (channels)ا�ر�ز�  ، (transporters)ت�   ��ہ  اور ، (enzymes)  م�  �   �ر �

ىلكس ىكووكئ  گ�ئ �  �   �و� �  �  ��  �  ��  �  ڈٹز

 �پ  اور ر

ز ز ى
ٹ

 �و�  �ر���ر�  �وہ، �   اس  �۔ �� 

(glycocalyx) �� �� � ،� �� (cell recognition) اور �ت (adhesion) ۔� �� � 

د دو �     2.2.1
ڈ
 (Lipid Bilayer) ت�پ

دز
ڈ
پ  ���ى �   �ر  �دى  اور �  ��   ڈ��  �دى �  �   �ز�  �ت  دو د

ڈ
 ��ول(phospholipids) �پ ، 

(cholesterol)ڈز
ڈ
ىكوو�پ � ��ار ر�  (fluidity) � � �� �۔ � دو �ت � ا�م � � روا� (glycolipids) ، اور گ�پ

 و �و� ��ل � در�ن � �ر�ر ر�وٹ �ا� �� � � �ورى �۔ اور ا�رو�

i. ڈز
ڈ
پ  (Phospholipids) ���ى

ىوو� ىكئ دز � � � � ز�دہ �� �� وا� ��ئ
ڈ
پ ��  (double layer) � � ا� � دو �ت (molecules) ���ى

ىوول � ا� �د دو�ى ىكن د ��ن
ڈ
پ ىلك (amphipathic nature) �ت �۔ � ���ى  �� �، � اس � ��رو فئ

(hydrophilic) �� اور ��رو (hydrophobic) � �� �� �: 

ىلك � • ڈ � � � :(Hydrophilic Head) ��رو فئ
ڈ
پ  phosphate) �� � اور �� �وپ (polar) ���ى

group) � � � �� � �ىوول ىكى  �� �۔ � � �� � �� (glycerol molecule) ول ��ى  � �ا

(interacting) اور � � ا�ر اور �� ��د آ� ��ل � �� (aqueous environment)  �� � �ا �

 �� �۔

ى ا� ز�وں :(Hydrophobic Tails) ��رو �� د� •
ٹ ىى � � �� �  (fatty acid chains) د� � فب
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� � � (nonpolar)  اور ��رو �� �� �۔ � د� �� � دور � � ا�ر � �ف � �� � اور ا� ��رو

 (water-soluble substances) � د� � � �� � � �� �دوں (hydrophobic core) �� �ر

 � ر�وٹ � �م �� �۔� 

ىلك  • دز �د �د دو �ت � � � �� �، � � ��رو �� د� ا�ر � �ف اور ��رو فئ
ڈ
پ آ� ��ل �، ���ى

 � �� � �ف �� �۔

ii. ول�� (Cholesterol) 

د دو �ت � در�ن �ے �� �، 
ٹ
پ ىوو� ���ى ىكب � � �� �۔  (fluidity) اور روا� (stability) � ا�م��ول ��ب

د د�ں � در�ن دا� � � درج ذ� ا� ا�ل ا�م د� �
ڈ
پ ىوو� ���ى ىكت  :� ��ت

ى ا� ز�وں � ا� دو�ے � � :(Stabilization) ا�م •
ٹ ىى � ��ول � � ا�م � ��ار ر� � اور فب

 آ� � رو� �۔

ا� در� �ارت �، ��ول � � روا� � � �� � � � در� �ارت  :(Fluidity Regulation) روا� � � •

 � � � � � �� �۔

 �ا� • �   �دوں :(Permeability Control) �ر�ر  �ل  آ� ��  �  �   water-soluble) ��ول

molecules) ر�ر � � �� �۔� � � 

 

ر 2.2.2
ز ز ى

ٹ
 (Membrane Proteins) � �و�

ر � � ا�ل � � ا�� ا� � �� � � و �
ز ز ى

ٹ
، ��ہ (communication) ، را�(transport) � �و�

��� �� (enzymatic activity)اور �� �د ، (structural support) ا� �� �۔� 

i. ر
ز ز ى

ٹ
 (Integral Proteins) � �و�

د دو �ت � ا�ر ��د �� � اور � � �ر � � � �ر �� �۔ � � � ��رو �� �ر � �� �
ٹ
ر �پ

ز ز ى
ٹ

� � � �و�

 �ے �� �۔

ر
ز ز ى

ٹ
ب�ر� �و� ��ىىم�

ز
ب
ر � � � � �ر �� � اور �و� و ا�رو� � � � آ�  :(Transmembrane Proteins) �ا

ز ز ى
ٹ

� � �و�

 �۔
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�� (Functionality): گ اور �� را�ں
خئ
�

خئ
ىوو� � � و �، سگ ىكئ � �دار ادا ��  (cell junctions) � آ� اور ��ئ

 �۔

 (Carbohydrates) �ر���ر�  2.2.3

ر
ز ز ى

ٹ
ڈز (glycoproteins) �ر���ر� � � �و� � � ��د �� � اور �و�

ڈ
� ��  (glycolipids) � �پ

ىلكس (adhesive layer) � �� �۔ � ا� �� اور � وا� �ت ىكووكب  � �۔ (glycocalyx) �� � � گ�ب

 :�ر���ر� � ا�ل �ز� � � •

• �� �� (Cell Recognition): ىلكس �ت � ا� دو�ے � �� �� � �د د� �۔ ىكووكت  گ�ت

� �  (extracellular matrix) �ر���ر� �ں � ا� دو�ے اور �و� �� :(Adhesion) �ؤ •

 ر� �۔

• � (Protection): ن�  ىكل نخ

 مكنىن �  �  ىلكس ىكووكن  ا�ط (mechanical damage) گ�ن ��   ��ہ  اور

(enzymatic degradation) ۔� �� � 

گ •
نن
�

نن
ىوو� � � ��� �� �ا� �� �۔ :(Signaling) سگ ىكئ گ ��ئ

ز
�ئ

ز
 � �ر���ر� سگئ

 
 )Figure: Structure of the Plasma Membrane�: �ز� � � �� (

) selectively permeable lipid bilayer) ا� ا�� �ر�ر �� دو�ى �ت (Plasma Membrane�ز� � (

)  ڈز
ڈ
پ  ���ى �  �phospholipids)  ر

ز ز ى
ٹ

 �و� ،(proteins)   ��ول ،(cholesterol �ىوو ىكئ  ��ئ  �ر���ر�  اور (

)carbohydrate molecules � () د دو�ى �ت
ڈ
پ ىلك Phospholipid Bilayer� �� �۔���ى ) � ��روفئ
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)hydrophilic) � � (polar heads) ��ف اور ��رو� � �� (hydrophobic) �د � � (nonpolar 

tails)   �� � � �� peripheral) اور ��ل (integral) ا�ر � �ف �� �۔� � ا�ر �ا� �ہ ر
خخ  ى

ٹ
) �و�

)structural) � و � ،(transport) �اور ا�ر (signaling) ر
ز ز ى

ٹ
) Glycoproteins) ا�ل ا�م د� �۔���و�

)  ڈز
ڈ
 ���پ  (Glycolipidsاور  ز��  �ر���ر� ��  �  �  ،(carbohydrate chains ��  ،�  ��   �ى (

  ��)cell recognition)   �ا�ت  اور (communication �ىوو ىكت  ��ت  �۔��ول ��   ادا  �دار �  (

)Cholesterol molecules) �� � � (fluidity) ا�م   اور (stability ل
ٹب
ىلبى  � �ا� �� �، � � اسكب (

) ��cytoskeletal filaments� �  ر
ز ز ى

ٹ
) � cell shape) �� � اور � � � (anchor ا�از () � � �و�

 �را د� �۔

 

 (Fluid Mosaic Model) �ل �ز� �ڈل 2.3

 �ڈل  �ز�   (Fluid Mosaic Model) �ل �  �   �ڈل  �ہ �   ز�دہ �  ��   Plasma) �ز�

Membrane)  ك�سنن � �� اور � � �ن �� �۔ � �ڈل
نن

� � � �  1972�  (Singer and Nicolson) � اور 

 اور �و� (lipids) ��� �ر � �ن �� � � �  ڈ�� (flexible) اور �ار (dynamic) �كاور � � � ا� 

(proteins) � (bilayer) � � ا�ر �� �� �� �۔ � �ڈل اس �ت ��� � � � �� �� (static)  � �

 �۔ (mosaic) �ل اور � �� وا� �ز�� 

�و� � �ح ��ؤ �� � � �  (lipid bilayer) �� � دو�ى �ت�ڈل � �ر اس ا�ل � � � � � 

� �و� �، �� اور � � � �� �، � � � �� �۔  (associated) � � (embedded) �ا� �ہ

�   ��ى �   �� �ز� �  �   �۔ ��    (fluidity) �ا� اا ا�
ت
 �ر�متىت  اور � (permeability)  �   ر� ��ار

 ا�زت د� �، � �د �� ا�ل � � �ورى �۔
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 (Fluid Mosaic Model of the Plasma Membrane) ز� �ڈل�: �ز� � � �ل �

�   �ك (Plasma Membrane) �ز�  ا� � (dynamic)ر�ر�  �  ، (semi-permeable)  �   �ر �  ��

د دو�ى �ت
ڈ
پ ر (phospholipid bilayer) د�� � � � ���ى

ز ز ى
ٹ

 embedded) � � �� �، � � �ا� �ہ �و�

proteins)�ر���ر� ، (carbohydrates) اور ��ول (cholesterol) ۔�ل �ز� �ڈل� �� �� (Fluid 

Mosaic Model) �� ار� � � (flexible nature) �� ن �� �، �ں� � (lipids)  ر
ز ز ى

ٹ
 (proteins) اور �و�

ر (lateral movement) �دو�ى �ت � ا�ر ��ً �
ز ز ى

ٹ
� � �ر  (Integral Proteins) �� �۔�ا� �ہ �و�

�   و �   اور �  �� (transport) ا�ل   ا�ر� ر (signaling functions) اور
ز ز ى

ٹ
 �و�  ��ل �  ،�   د�  ا�م

(Peripheral Proteins) ۔���و�  ��  �  �  �  �  ز�
ز ز ى

ٹ
� (Glycoproteins) ڈز

ڈ
 ���پ  اور

(Glycolipids)��ز   �ر���ر� ��  �  �  ، (carbohydrate chains) ��  ��  ،�  ��   cell) �ى

recognition) ا�ت�  ىوو� (communication) اور ىكت  ��ت  �۔��ول ��   ادا  �دار  ا� � (Cholesterol 

molecules) �ى �ت � ا�ر �� �ے �� �، � � � ا�مدو (stability) �� اور (fluidity)  ��� �

ل ��
ٹن
ىلنى  structural) � ا�ر �� �را (cytoplasm) ���زم (Cytoskeletal Filaments) �۔� اسكن

support) ا� �� �۔� 
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 (Key Features of the Fluid Mosaic Model) �ت�ل �ز� �ڈل � �ى � 2.4

2.4.1  �� (Fluidity) 

 lipid) �� � دو�ى �ت�۔ � �� �دى �ر �  (fluidity) ���ل �ز� �ڈل � ا� ا� �� � � 

bilayer)  �ىوو� ا ىكب  �� �۔ ���ت � ا�ر �� � و� � �� �، �ں �� � ��ب

ىوو�  :(Lipid Mobility) �� � � و �� • ىكب  lateral movement and) �� �� اور �دش�� � ��ب

rotation)  � � � ،� �� ہ�� �� (flexibility)  �� � ى ا� ز�وں� �ون �۔
ٹ ىى  � � �ہ فن

(unsaturated fatty acid chains) و� � � �� �، � �� � �� � �� � رو� �۔ � 

 �د � � ��اور  (stretch) �، (bend) ��� � �  :(Membrane Flexibility) � � �ارى •

(self-heal)  �� � ں� ا�زت د� �۔�� � � �� (cell shape changes)  � �� � اور

 � � �ورى �۔ (exocytosis) ا�و ��ساور  (endocytosis) ا�و��س� 

� �  (membrane proteins) � � �و��� � �ح،  :(Protein Mobility) �و� � � و �� •

� � ، (protein-protein interactions) ��ت�و� -�و��� �۔ � ��  �� ��� ا�ر 

� (signal transduction)  و � � ���ںاور � (transport activities) ا� �۔ � � 

 :(Factors Affecting Membrane Fluidity) �� � ا� ا�از �� وا� �ا� 2.4.2

رت � �� � ا�� �� �، � � در� �ارت � �� � ز�دہ در� �ا :(Temperature) در� �ارت •

 �� �۔

• �� � �� (Lipid Composition): ى ا�ز
ٹ ىى � ��د�  (unsaturated fatty acids) � � �ہ فٹ

ى ا�ز�� � ا�� �� �، � 
ٹ ىى  �۔ا� � ��  (saturated fatty acids) � �ہ فٹ

� �ر � �م �� �،  (fluidity buffer) �� ���ول ا�  :(Cholesterol Content) ��ول � �اد •

 � � � � در� �ارت � ز�دہ � اور ز�دہ در� �ارت � ز�دہ �ل � � رو� �۔

 (Mosaic Pattern) �ز� � �ن 2.4.3

 � �ن� �اد � � ��د �  (mosaic) �ز��ل �ز� �ڈل �  ر
ز ز ى

ٹ
 �� � دو�ى �ت� �  �و�
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(lipid bilayer)  � �اور ا�ل� �ے �� �۔ � �و �� ،�  � � � ،� �� �� �� (patchwork) 

 � د� �۔

 :(Types of Membrane Proteins) � � �و� � ا�م

ىگررل �و� .1 نٹ

ن
ن
 :(Integral Proteins) ان

o  � � �ا� �ہ� �و� (embedded)  � ،� �� ا� �� � اور � � �رى �ح �ر�

ب�ر� �و�  � �� �۔ (transmembrane proteins) �ىىم�

o  �� و � (transport) ، ر�
ٹ ىسٹىٹپ�  (cell adhesion) �� �ؤاور  (receptor functions) ا�لرٹ

 � �� �� �۔

o  �� (channels) ،ز�� (carriers) ،رز�
ٹ ىسٹىٹپ� � �ر �  (enzymes) ��ے�  (receptors) رٹ

 �م �� �۔

 :(Peripheral Proteins) ��ل �و� .2

o  � � �ا�رو� ��و� � � �و (outer or inner surface) ڈ� �ر � � �� �۔ � 

o  �گ
خت
�

خت
 enzymatic) ��ى ا�لاور  (structural support) �� �د، (cell signaling) �� سگ

functions) ا� �� �۔� 

o ا �� � � � � �ن ��۔� ��� � � � 

3. � ��� �  (Asymmetry of the Membrane) 

�  (lipid bilayer) � � زور د� �، � �� � دو�ى �ت (asymmetry) �ل �ز� �ڈل � � � ��

 ا� � � ��۔ (inner and outer leaflets) ا�رو� اور �و� ��

 :(Outer Leaflet) �و� �ت •

o ڈز
ڈ
ر اور  (Glycolipids) ���پ

ز ز ى
ٹ

 � ��ر �� �۔ (Glycoproteins) ���و�

o ��ىكوو  (protection) �اور  (cell recognition) �� ���� � �  (Glycocalyx) گ�ى

 � ا� �دار ادا �� �۔

 :(Inner Leaflet) ا�رو� �ت •
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o ڈز
ڈ
پ ا����  (Phospholipids) ���ى

ت ڈٹا� ا�ى

ىڈ ئٹئ


اور  (Phosphatidylethanolamine) �سفئى

ڈٹا� ��

ىڈ ئٹئ


 � � �� �۔ (Phosphatidylserine) �سفئى

o ��ڈ �� (cellular structures) را� � ر� �۔ � 

• � (Conclusion) 

�دار � �� و�� �� �۔ � �ڈل اس �ت  (dynamic and flexible) �ك اور �ار�ل �ز� �ڈل �ز� � � 

ر اور  (lipid bilayer) �� � دو�ى �ت� زور د� � � 
ز ز ى

ٹ
 cellular) �� ��� � �  (proteins) �و�

integrity) ،ا�ت� (communication)  دى � و ��اور� (material transport)  ار ر� �۔ � �ڈل�� �

 � � وا� �� �۔ (adaptation) ��� ��  (environmental changes) ���� ��ں�ں � 

 

  (Learning Outcomes) �� ا�� 2.5

 � �� �� � � �� � اب و�� �ے �: ا�� اس 

 � �ز� (Plasma Membrane) �� دى� � (basic structure) اور اس � ا�اء (components)  �

 � �ن �ے �۔

 ت�   دو�ى د
ڈ
پ  ا�ل (Phospholipid Bilayer) ���ى ى�ا� كت

ش
ش
ت
 ت � (structural principles) ��   اور

(fluidity) ۔� � � � 

 ول�� (Cholesterol)ڈز
ڈ
ر(Glycolipids) ، ���پ

ز ز ى
ٹ

 � �دار اور ان � � � �� (Proteins) ، اور �و�

(membrane fluidity) و�� �ے �۔ � �� � 

 ر
ز ز ى

ٹ
ر (Membrane Proteins) � �و�

ز ز ى
ٹ

 �و� اور ��ل  (Integral Proteins) � ا�م، � � �ا� �ہ

ر
ز ز ى

ٹ
 � �ن �ے �۔ (functions) اور ا�ل (structure) � �� (Peripheral Proteins) �و�

 ڈل�   �ز�  ��ت (Fluid Mosaic Model) �ل  ا� � (key features) �ا  ���  �   اس  اور

(biological significance) و�� �ے �۔ � 

 �ر���ر� (Carbohydrates) ر
ز ز ى

ٹ
 ���و�  � (Glycoproteins) اور ���  � (cell 

recognition) اور �ا�ت (communication) دار � � �۔� � 
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 �� � � (Membrane Structure) �� اور (Functionality) � �� � (relationship)  �

 و�� �ے �۔

 (Keywords) �ى ا�ظ 2.6

 �ى � (اردو) Keyword (English) و��

�ك اور �ار � � � � �د ��د �� � اور � � اس � ��ل  وہ

 � �ا �� �۔
Plasma Membrane � �ز� 

دز � دو�ى �ت � � �� � اور �� 
ڈ
پ � � �دى �� � ���ى

 � ��ار ر� � ا� �دار ادا �� �۔
Lipid Bilayer ڈ

ڈ
 دو�ى �ت �پ

وہ �ڈل � � � �� � ا� �ل اور �ز� � �ر � � �� �، � 

ر آزادا� �� �� �۔
ز ز ى

ٹ
دز اور �و�

ٹ
 � �پ

Fluid Mosaic Model ل �ز� �ڈل� 

گ � �دار ادا �� �، 
ز
�ب

ز
ر � � و �، را� اور سگب

ز ز ى
ٹ

� � ��د �و�

 ا�ر � اس � �� � � � �۔اور � � 
Membrane Proteins ر

ز ز ى
ٹ

 � �و�

ڈٹز � �� � �� � اور � � ��، را� 

ر � �پ

خخ  ى
ٹ

ىوو� � �و� ىكب وہ ��ب

گ � ا� �دار ادا �� �۔
نت
�

نت
 اور سگ

Glycoproteins and 

Glycolipids 

ر اور 
ز ز ى

ٹ
���و�

ڈز
ڈ
 ���پ

  (Model Examination Questions) ا�� �ا�ت �� 2.7

  (Objective Answer Type Questions) �� � � �� /� �ا�ت � �� �ا�ت 2.7.1

 � �دى �� � �؟ (Plasma Membrane) �ز� � .1

(A) � � �و�           (B) د دو�ى �ت
ڈ
 (Lipid Bilayer) �پ

(C) � � �ر���ر�         (D) ا�ز �� 

د دو�ى �ت (B) :� �اب 
ڈ
 �پ

 � ��، � � �� � �� �؟ (Fluid Mosaic Model) �ل �ز� �ڈل .2
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)A( � اور ��         (B) ل اور �ك� 

(C)� ف اور� �         (D) ف اور � �ك� 

 �ل اور �ك (B) :� �اب

 � � �� � ��ار ر� � � ��ول � �دار � �؟ .3

)A( �� � ز�دہ � �        (B) �� ز�دہ �ار � � 

(C) �� � � �         (D) �� � � � 

 � � ز�دہ �ار �� (B) :� �اب

ر � � � �ر � �ر � � �� � ا� � � �؟ � � �� �� .4
ز ز ى

ٹ
 وا� �و�

)A( ر
ز ز ى

ٹ
ر (B)   (Peripheral Proteins) �دى �و�

ز ز ى
ٹ

 (Integral Proteins) ا�رو� �و�

(C) ر
ز ز ى

ٹ
ڈز (D)     (Glycoproteins) �� �و�

ڈ
 (Glycolipids) ���پ

ر (B) :� �اب 
ز ز ى

ٹ
 ا�رو� �و�

ىوول � � �� اور را� � � ا� �؟ .5 ىكب  �ن � ��ب

)A( ول��         (B) ر
ز ز ى

ٹ
 ���و�

(C) ڈز
ڈ
پ  �ر���ر� (D          ���ى

ر (B) :� �اب
ز ز ى

ٹ
 ���و�

ىوول �ن � �؟ .6 ىكت  � � �� � ا�� �� وا� ��ت

)A( ى ا�ز
ٹ ىى  (Saturated Fatty Acids) � �ہ فٹ

(B) ى ا�ز
ٹ ىى  (Unsaturated Fatty Acids) � � �ہ فٹ

(C)  ر
ز ز ى

ٹ
 �ر���ر� (D)           �و�

ى ا�ز (B) :� �اب
ٹ ىى  � � �ہ فٹ

ر � � �دار �؟ .7
ز ز ى

ٹ
 �ز� � � �و�

)A( � و �(Transport)      (B) گ
نن
�

نن
 (Signaling) سگ

(C) د� �� (Structural Support)    (D) ر� �� �م� 
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 �ر� �� �م (D) :� �اب

ڈٹز � � � �� �� �؟ .8

ر اور ���پ

ز ز ى
ٹ

 ���و�

)A( ا�ر � �         (B) � � �و� � � 

(C) ىس � ا�ر ئ
ئ
 ���زم � ا�ر (D)        �ك�ئ

 �و� � �� �  (B) :� �اب

د دو�ى �ت � ��رو�� د� �ں وا� �� �؟ .9
ڈ
 �پ

)A( ا�رو� �ف         (B) و� �ف� 

(C) در�� �ف         (D) �او � � 

 ا�رو� �ف (A) :� �اب

 �ل �ز� �ڈل � � � � � � �؟ .10

)A(  ك�سنن
نن

 وا� اور �ك (B)         � اور 

(C) ك اور �� �ك�        (D) ڈن اور �ان
ڈ
ىڈ �ن

ش
 ش

ك�سنن  (A) :� �اب
نن

 � اور 

 

  (Short Answer Type Questions)ت � �� �ا�ت �ا� � 2.7.2

 � � اور اس � �دى ��ت � �؟ (Fluid Mosaic Model) �ل �ز� �ڈل .1

 ادا �� �؟ ��ول �ز� � � � �دار .2

ر .3
ز ز ى

ٹ
ر (Integral Proteins) ا�رو� �و�

ز ز ى
ٹ

 � � �ق �؟ (Peripheral Proteins) اور �دى �و�

دز � � � �دار ادا �� �؟ .4
ٹ
ر اور ���پ

ز ز ى
ٹ

 ���و�

ىلك � اور ��رو�� دم � �5 دز � ��روفئ
ڈ
پ   �دار �؟. �ز� � � �� � ���ى

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 2.7.3

� � و�� ��۔ اس �ڈل � �ى ا�اء اور ان � ا�ل �  (Fluid Mosaic Model) �ل �ز� �ڈل .1

 �ن ��۔
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ڈ �� �� �� اور �� � � � �ن ��،  (Plasma Membrane) �ز� � .2
ڈ
 Lipid) �ل �پ

Bilayer)ر، ��ول، اور �ر���ر� � �دار �۔
ز ز ى

ٹ
 ، �و�

ر .3
ز ز ى

ٹ
ر (Membrane Proteins) � �و�

ز ز ى
ٹ

 Integral) � ا�م اور ان � ا�ل � � �ٹ �۔ ا�رو� �و�

Proteins) ر
ز ز ى

ٹ
 ق � وا� ��۔� در�ن � (Peripheral Proteins) اور �دى �و�

ڈز (Cholesterol) ��ول .4
ڈ
 اور ا�م (Fluidity) � � � �� (Glycolipids) اور ���پ

(Stability) ا�ات � � � �ن ��۔ � 

ز� � ��د �ر���ر� � ا�ل اور ان � ا� �دار � � �ن �، �ص �ر � ��� .5
ز ز ى

ٹ
 و�

(Glycoproteins) ڈز � �� �۔
ڈ
 اور ���پ

2.8  ��(Glossary) 

 ا��ى ا�ح اردو ا� اردو �دل ��

  ڈ
ڈ
�ز� � � ا� �ڈل � � � �� اور �� � �ن �� �، � � �پ

 اور �و� آزادا� �� �� �۔

�ل �ز� 

 �ڈل

�� �ز� 

 �ڈل

Fluid Mosaic 

Model 

ىلك (آ�  � � �دى �� � دو �ں � � �� �، � � ��روفئ

 �) اور ��رو�� (آ� ��) �ے �� �۔

دو�ى �� 

� 
ڈ �� �

ڈ
 Lipid Bilayer �پ

� �د �ا� � � �و� � � ��د � � � � �� �� اور �ؤ 

 �� �۔
 Glycocalyx ���� � �ل

� � ا�ر د� �� �و� � �رے � � آر �ر ��د �� � اور 

گ � �دار ادا �� �۔
نت
�

نت
 � و � � سگ

ا�رو� � 

ر
ز ز ى

ٹ
 �و�

ر
ز ز ى

ٹ
ىگررل �و� نٹ


ن
ز
 ان

Integral 

Proteins 

گ � �دار � � �و� � ا�رو� 
خت
�

خت
� � � �و� � �� �د اور سگ

 ادا �� �۔

 � �

ر
ز ز ى

ٹ
 �و�

ر
ز ز ى

ٹ
 ��ل �و�

Peripheral 

Proteins 
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ىاات  :3 ا�� ت
خ
  �� عض

(Cell Organelles) 

 ا�� � ا�ا:

3.0 �(Introduction) 

3.1 ��(Objectives) 

ور و�ز��ا 3.2 ى
ٹ  (Endoplasmic Reticulum - ER) ��ى

ور و�ز��رَف ا 3.2.1 ى
ٹ  (Rough Endoplasmic Reticulum - RER) ��ى

ور و�ز��ا�� ا 3.2.2 ى
ٹ  (Smooth Endoplasmic Reticulum - SER) ��ى

ور و�ز��ا 3.2.3 ى
ٹ  ا� � ��ى

3.3 �� � (Golgi Complex) 

3.3.1 �� � � �� � (Structural Organization of the Golgi Complex) 

3.3.2 �� � � � (Regions of the Golgi Complex) 

ى � ��  � �� 3.3.3 ى ك ى  (Molecular Composition) ا�اء وو�ى

 (Functions of the Golgi Complex) � ا�ل � �� 3.3.4

 (Clinical Significance) ا� � 3.3.5

 (Significance of the Golgi Complex) ا� � � �� 3.3.6

و�م 3.4
ئ

�� (Lysosomes) 

و�م � 3.4.1
ئ

�� �� (Structure of Lysosomes) 

و�م � 3.4.2
ئ

�� � (Formation of Lysosomes) 

و�م � 3.4.3
ئ

 (Types of Lysosomes) ا�م ��
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و�م � ا�ل 3.4.4
ئ

�� (Functions of Lysosomes) 

و�م � 3.4.5
ئ

 (Lysosomal Storage Disorders) ت�ر� ��

و�م � 3.4.6
ئ

 (Importance of Lysosomes) ا� ��

 (Inclusion Bodies) ا�م �� 3.5

 :ت�� ا�م � �� 3.5.1

� �ے ��  ا�م � �� :(Non-Membrane-Bound Nature) دار �� � � 3.5.2

 
ض
ى عض  � (Lysosomes) و�م� �� � (Membrane-Bound Organelles) ااتى

ى وكس �  ��د � � ان � ارد �د �� �� ،� � �� � (Peroxisomes) سوو�ى

�م ��  � و � � � � � �� � � ہ� �اد � ��ظ ��  �� ا� �۔ ��

 �۔ �ا�زت د �

 (Types of Inclusion bodies)ا�م ا�م � �� 3.5.3

 (Function of Inclusion bodies)ا�م � ا�ل �� 3.5.4

 (Importance in Biotechnology)ا� � ��� ��� 3.5.5

 �ڈ �� 3.6
كس

 
ى ى
 
ف

 
ىى

 
ك

ى  نن ى
ش
 (Peroxisomes) �� و�� ��: � (Cellular Detoxification) ش

 (Structure of Peroxisomes) �� �� � و�� 3.6.1

 (Functions of Peroxisomes) �� � ا�ل و�� 3.6.2

 (Biogenesis of Peroxisomes) � �� � و�� 3.6.3

 Significance of Peroxisomes in Cellular) ا� �� � و�� � ��م� �� 3.6.4

Metabolism) 

 (Powerhouse of the Cell) � �ور �ؤس : ������ر 3.7

 (Discovery of Mitochondria) ��در � �����ر 3.7.1
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 (Structure of Mitochondria) �� � �����ر 3.7.2

 (Functions of Mitochondria) � ا�ل �����ر 3.7.3

 (Inheritance) اور ورا� DNA �����ر 3.7.4

 (Significance of Mitochondria) ا� � �����ر 3.7.5

 (Protein Synthesis Factories) ں�� �� وا� را���: �و� 3.8

 (Discovery of Ribosomes) ��در را��� � 3.8.1

 (Structure of Ribosomes) را��� � ڈ�� 3.8.2

 (Ribosomal Components and Functional Sites) ��ت را��� ا�اء اور � 3.8.3

 (Types of Ribosomes) ا�م را��� � 3.8.4

 (Protein Synthesis Process - Translation) � � ىر� � �و� 3.8.5

 (Significance of Ribosomes) ا� را��� � 3.8.6

 (Learning Outcomes) �� ا�� 3.9

 (Keywords) ا�ظ ى� 3.10

 (Model Examination Questions)�ا�ت  �� ا�� 3.11

 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  3.11.2

 (Long Answer Type Questions)�ا�ت � �� �ا�ت  �� 3.11.3

3.12  ��(Glossary) 
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3.0 �(Introduction) 

� (Cell) ��ز�� � �دى �� اور � ا (Structural and Functional Unit)  � ۔ � �م ��اروں�

 �ى �  �  �  �   ا�  وہ ��  ،�   ا�اء  �ا�  �ى (Unicellular) �دى �   �ہ �  �  �   �ں  ��ار

(Multicellular) ��   �رد�  ا� ىاات��ار۔ ب
خ
 عص �  �  ��   ��د ىن ب

ت
ب
خ
�
�  ��  �  �   �و�د، �  

(Organelles)  ىاات �ص ا�ل ا�م د� � � � � �، �و� اور د� �ل � � �� ا� �۔ ان ب
خ
� �� �۔ � عص

  �   �م �  ��  �   �ورى ��  �  �   ا�ل  اور  ڈ�� �  ىاات ت
ض
 ��تعض  �و�  اور  ا�رو�  �ح �  �  �  �  � 

(Stimuli) بىسس
ٹ
سب

 � ��ار ر� �۔ (Homeostasis) � �اب د� � اور ��

� ا� ��ں  (Eukaryotic Life) ���� ز�� (Compartmentalization) � � ا�ر ا�اء � �

ىاات �ں ت
خ
� ا� �� �۔ � �  (Cytoplasm) � ذر� ���زم (Membranes) �� �، �ں � عص

 ان  (Biochemical) دار � � �� � �ں � ا� � و� � � �ا� � ا�م د� � ا�زت د� �۔

��   �ك  در�ن �  ىاات ت
ض
  (Dynamic Interaction) عض �   �ت  �ار �   ���م� �  �  ،�  ��  � 

(Metabolism)ا�� � �اوار�  ، (Energy Production)�� � �و�  ، (Protein Synthesis)�� � � ، 

(Waste Disposal) اور ذ�ہ �رى (Storage) ۔� �� 

و� ى
ٹ ىہ ا�و�ز� ر�ى ن

خ
�، � � دار  (Endoplasmic Reticulum - ER) � � ا�ر ��د ا� ا� اور �ہ عض

 :� دو ا�م � ER � �ل � � ���زم � � �ا �� �۔ (Flattened Sacs) ��ں اور � �ں

و� .1 ى
ٹ  ر�ى  ا�و�ز�  را��م - (Rough Endoplasmic Reticulum - RER) �دار �  �  �  � 

(Ribosomes)  اور � �و� � �� اور ����د � �� (Modification) ۔� �� � 

و� .2 ى
ٹ � � را��م � �� اور �  - (Smooth Endoplasmic Reticulum - SER) �ار ا�و�ز� ر�ى

� �دار ادا �� � ا (Detoxification) اور ز�� �اد � � ا�ى (Lipid Metabolism) �� � ���م

 �۔

ER دز
ٹ
� �� �، � � � �� اور  (Processing) � �رى اور � �رى (Lipids) �دى �ر � �و� اور �پ

 �� � ��ار ر� � � �� ا� �۔

ER �  ��  ىہ بض

 عض  اور  ا�  وا�  ر� �  ��  � (Golgi Complex)   �  ،���  �  ڈز

ٹ
 �پ  اور  �و�
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(Modification)ى�   در� ، (Sorting) گ
نن
ج ى��  نپن  ڈ��ں (Packaging) اور  دار �  ىہ ت

ض
 عض �   �۔  د�  ا�م  �م � 

(Membrane-Bound Structures) �ر�
ٹ ىس� � �� �۔ �� � � �  (Cisternae) � � �� � � ست

ىوو� � در� �� � �ن زدہ � � ان � � ��ت � � �،  (Post Office) �� آ� ىكب �� �، �� � ��ب

 �� وہ � � ا�ر �ں � ��۔

و��
ئ

ا� �دار ادا �� �۔  (Lysosomes) � � ا�ر � �ہ � اور � �ورى �اد � �رج �� � � ��

 ا�ا�� � دا
ٹ ئ

ىوو�، �ا� ��  (Hydrolytic Enzymes) ر �ں �� � � ��رو �� ىكب � ��ر �� �، � �ے ��ب

مئ �م (Pathogens) ا�اء اور �ر� �ا�
خ
�

و�� � � � �
ئ

� �ر  (Digestive System) � �ڑ� � �م �� �۔ ��

 � � � � � اور رى �� � � � � �ف ر� �۔� � �� �� � �

ىسووم  �وكسپ ىہ پض

 عض  ا�  اور  �� (Peroxisome) ا�  ا� �  �   �اد  ز�� �  ،� (Detoxification)   ڈڈ


 �پ اور

ا�
ٹ ڈڈ� (Catalase) ���م � ا� �دار ادا �� �۔ � ا�ا� � �ى


� � �� �، � �� �  (Oxidases) اور آ�ى

 � �� اور آ� � �� �� �۔ (Hydrogen Peroxide) �ا�ں � �ڑ � ز�� ��رو� � آ��

� �رت � �ا�� �ا �� �۔  (ATP) ، ا��� �ا� ��(Mitochondria) � � �ا�� �، ����ر�

�� �۔ �  (Cristae) � � �� � اور اس � ا�رو� � دار ڈ�� �� (Double Membrane) ��ر� دو�ى ���

اور �ارت �  (Calcium Storage) ، � ذ�ہ(Apoptosis) � �ف �ا�� � �اوار � �ث � � � � �ت

  � �� �۔� (Heat Generation) �اوار

� �� �، � �و� � �� � ا� �دار ادا ��  (Ribosomes) � � � � دار ڈ�� � را���

ر
زز  ى �� �۔ را��� � � آزادا� �ر � ���زم �  (Polypeptide Chains) �۔ � �و�ں � �� دے � �� �� �پ

�� � ��  RER ۔� �� � � 

، (Lipids) ، ��(Glycogen) �، � ��� (Inclusion Bodies) ا� اور ا� � ز�ہ �� �� ا�م

 اور �� � �وں � ذ�� � �ر � �م �� �۔ (Pigments) رو� ا�اء

  ىاات � ��، ب
خ
ىاات � �ہ اس �ب � ان �م ا� عض ئضص


ا�ل اور ��� ا� � � � �ن � �� �۔ ان ع

�� اور ان � در�ن �ون � � � � � � اور �� � �رے � �دى ��ت �� �ں �۔ � ��ت � �ف 

 ��ت �� (Cell Biology) �  �  �  ���  �  �  ����  ىوو� ىكب  �ى(Molecular Biology) �ب ��  ، 
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(Biochemistry) اور �ت (Physiology) ا� �س �د �ا� �� �۔ � � � �� �� � 

 

 ۔

3.1 ��(Objectives) 

 :اس �� � �� � �، �ء درج ذ� �� �� � � �

  � � )Cell Membrane� ( � ۔ ن� و�� � �� � ت�� اور�� 

  ور و�ز��ا ى
ٹ  ا�م اور ان � ا�ل � �۔ ) �Endoplasmic Reticulum( ��ى

  �� � )Golgi Complex� � ۔ �) � ڈ�� اور اس � � ا�ل�� 

  ) ��و
ئ

��Lysosomes� ى وكس ) اور م  ) �Peroxisomes( سوو�ى
خ
�

�  �اد � �اور ز� ى�� اور ان � �

 ��۔ ن� �دار � � ىا�

  ر����� )Mitochondria۔ نا�ل � � �اور اس � د اوار� � �ا�� �) � ذر�� 

  ) ���راRibosomes� ( �ان � �دار � وا� ��۔ � �� �� اور �و 

  �� ) ا�مInclusion Bodies� � ۔ �� �دار � ) � � ا�م اور ان�� 

  ��  
ض
ى عض  � �۔ � آ� �� اور ان � �� ن) � در�Cell Organelles( ااتى

  � � � )Cell Organization 
خ
ى ) اور � عض  ��۔ ن� ��ط ا�از � �� ا �� � ااتى

  �� �ت )Cell Functions��۔ � � � �رے � ) اور �ا�� �� � �� 

و� 3.2 ى
ٹ  (Endoplasmic Reticulum - ER) ا�و�ز� ر�ى

و� ى
ٹ  � ���� �تا� و�، � دار � ورك �  (Endoplasmic Reticulum - ER) ا�و�ز� ر�ى

(Eukaryotic Cells) و�زم
ٹ ى

ئ
�� � (Cytoplasm) ڈز

ٹ
ر اور �پ

زز  ى
ٹ

� ��، � �ى،  (Lipids) � � �� �۔ � �و�

� �� �ا �� � اور اس � دو ا�م  (Nuclear Envelope) ��� �ف ER �� اور �� � ا� �دار ادا �� �۔

 :� ��د� � �م ��د� � �د � �ز �� � (Ribosomes) �، � � � را����� 
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و� 3.2.1 ى
ٹ  (Rough Endoplasmic Reticulum - RER) رَف ا�و�ز� ر�ى

و� ى
ٹ ��د  (Ribosomes) � � � را��� (Rough Endoplasmic Reticulum - RER) رَف ا�و�ز� ر�ى

ر � �� اور  RER � آ� �۔ (Rough) "�، � � �� � ��و�پ � � "�درى�� 
زز  ى

ٹ
� �دى � ان �و�

و ��(Secretion) �ا� � � ا�اج
ئ

�� � �� �� � � ، (Lysosomes) ا�ل � � �� �� �۔ � 

RER ت�� �� �: 

• RER  �� � دار � (Flattened Membrane Sacs) ��� � � �� �� (Cisternae)  �

 �� �۔

و�زم � � � ��د را��� �و� �� � ذ� دار �� �۔ •
ٹ ى

ئ
�� 

 � �و� � � �� � ر� �۔ (Nuclear Envelope) � ��� �ف •

RER �ل� ا: 

�ر ��  (Polypeptide Chains) � را��� �� �� ز�� :(Protein Synthesis) �و� �� •

� � ER � �ا�رو � (Lumen) ۔� �� � � 

� � � ��  (Lumen) ا�رو� � :(Protein Folding and Modification) �و� � �ى اور �� •

نز 
ش
ىس لئ

ئ
ئ
ر � �ى، ���

زز  ى
ٹ

 اور د� ��ں � �ر� �۔ (Glycosylation) �و�

ر � �� �� ا� � :(Quality Control) �ر � �ول •
خ خ ى

ٹ
 (Degradation) � � �ہ � ��� �و�

 � � � �� �۔

• �� (Transport):  ى ر � و�ت
زز  ى

ٹ
زز�ر �ہ �و�


� �ف  (Golgi Apparatus) � �� ا�� (Vesicles) ك�ز

 � � �� �۔

و� 3.2.2 ى
ٹ  (Smooth Endoplasmic Reticulum - SER) ا�� ا�و�ز� ر�ى

و� ى
ٹ � را��� ��د � ��، � � و�  (Smooth Endoplasmic Reticulum - SER) ا�� ا�و�ز� ر�ى

دز � �� اور ز�� �دوں � �� �  SER د�� د� �۔ (Smooth) "��و�پ � "�ار� � 
ڈ
�دى �ر � �پ

 � � �� �� �۔

SER ت�� �� �: 
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• SER �� (Tubules) ورك � � �� �، �� � �ں �۔ � � 

• � RER � � �� � �� �اس � را��� � ��۔  

SER ا�ل �: 

ڈ اور �ا� �� •
ٹ
ڈڈز SER :(Lipid and Steroid Synthesis) �پ


پ  ، ��ول(Phospholipids) ���ى

(Cholesterol) ��اور �ا� �ر (Steroid Hormones) ۔� �� �� � 

ز�� �دوں اور دواؤں �  SER�،  (Liver Cells) �ت � � :(Detoxification) ز�� �دوں � �� •

 � � �� �۔ (Enzymes) � �� وا� ��وں

� ذ�ے � �ر � �م �� � �  (Calcium Ions) � آ� SER :(Calcium Storage) � � ذ�ہ •

 � � �ورى �۔ (Cell Signaling) �ں � ا�ض اور �� ا�روں

� ���م اور ��ز  SER ��� (Glycogen) :(Carbohydrate Metabolism) �ر���ر� ���م •

 � �دار ادا �� �۔ (Glucose Release) � ا�اج

و� � ا� 3.2.3 ى
ٹ  ا�و�ز� ر�ى

و� �� � آ� ى
ٹ ر اور  (Cellular Homeostasis) ا�و�ز� ر�ى

زز  ى
ٹ

� ��ار ر� � ا� ا� �دار ادا �� �، �� � �و�

ڈڈز � �� �ا� �� � � �� ا�ل � � �ورى �۔

�و� �� اور �ر � �ول � �� �� �، ��  RER �پ

ر ا� � �ں � � �۔ دو�ى �
زز  ى

ٹ
د �� اور ز�� �دوں � �� � ��  SERف، در� اور �ل �و�

ڈ
� �پ

 � � �� �� اور ��� �ازن � ��ار ر� � �د د� �۔

ER  د � �ورت � و� اس
ٹ
� �ك �� ا� � � �ور�ت � �� ڈ�� � ا�زت د� �، � � ز�دہ �و� � �پ

� در�ن �ل � � � � آ� � ��ار ر� اور ���� ��ں � �� �اب د� �  SER اور RER � �ھ ��۔� � 

 �د �ا� �� �۔
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و� (�ار اور �درا) ى

ٹ  �: ا�و�ز� ر�ى

3.3 � �� (Golgi Complex) 

� � �� �، ا� ا� �  (Golgi Apparatus) �� ا���  (Golgi Body) �� �ڈى�� �، � 

ىہ ىض

 عض  �ت (membrane-bound organelle) دار ����  �  � 

(Eukaryotic Cells) و�زم
ٹ ى

ئ
�� � (Cytoplasm)  � �۔ ا� �� �� �

اور  � در�� �  1898�  (Camillo Golgi) كىىم�وو ��� � ا��ى ��ان 

  �   �ر  �دى �  ��   �۔  ر� �   �م �  و�ان ى
ٹ  ر�ى  ا�و�ز�

(Endoplasmic Reticulum)  ،��  دز � �ا�،
ٹ
 اور �پ ر

زز  ى
ٹ

 �و� � �ر �ہ

ىہ � � ��ى را� ت
خ
 Secretory) �� اور � � �� �� �۔ � عض

Pathway) ار ر� اور � � � � � � ��� �۔�� � 
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 (Eukaryotic Cells) � در�� �، � ���� �ت (Golgi Apparatus) �� ا���  (Camillo Golgi) كىىم�وو ��

ىہ ىض

ڈز �  (organelle) � ا� ا� عض

ٹ
ر اور �پ

زز  ى
ٹ

ىہ �و� نز

� �  (Packaging) �، اور (Sorting) ��، (Modification) ���۔ � عض

وو��� ا�م د� �۔ �� � 
ٹ
ہسٹ � �ان � �اں �ر ��ت ا�م د�، � �  (Microbiology) ��و����اور  (Histology) ہ

 � �ازا �۔ (Nobel Prize in Physiology or Medicine) �� ا�م �ا� �ت � ��  1906ا�اف � ا� 

3.3.1 � �� � � �� (Structural Organization of the Golgi Complex) 

 � دار �ں  � دار، � � �� � �  (membrane-bound sacs) �� � ا� � وار �،

�� (Cisternae)  �� ���� � � ۔ ��ں � �اد � � � اور اس� (Functional Activity)  � ظ� �

ىكس آ� � �ے �� �� � اور ا� �ہ  20�  3� �� �، � �م �ر �  ئ
ٹ
سئ

�� � ا� � � �� �۔ � ا

س� ورك �� �۔ �� � �م �ر � 
ئ
� �� وا� �� � اور  (Centrosome) �و�ماور  (Nucleus) �ك�ئىئ

 � �� � �� � �� � � ا�ر ا�م اور �م � ��ار ر� � �۔ (Microtubules) ��و���

3.3.2 � � � �� (Regions of the Golgi Complex) 

 :�م اور � � �ظ � � �ں � � � �� � �� � � اس �

 :(Cis-Golgi Network - CGN) �� � ورك-س .1

o �و ى
ٹ  � �� �� � اور و�ل �� وا� �ے (Endoplasmic Reticulum) � � ا�و�ز� ر�ى

(Receiving End) ر � �م �� �۔� � 

o  زز� �دى �ر � ان

ىك�ز ىسى دز � (Vesicles) وى

ٹ
ر اور �پ

زز  ى
ٹ

� �  ER � �ا�از �� � � � � � �ر �ہ �و�

 �� �۔

o �� �ر � ا�ا
زز  ى

ٹ
و�� ا�ا��� �، � �  (Initial Modification) �ں �و�

ئ
�� (Lysosomal 

Enzymes)  ��ر�� (Phosphorylation)۔ 

2.  
ئ
 :(Medial-Golgi) ��-��ى

o  نن � � س اور �ا� �ں � در�ن وا� �� � اور
ش
ىس ىلئ ڈز �  (Glycosylation) ��سئ

ٹ
ر اور �پ

زز  ى
ٹ

اور �و�

 �� �� � �� �� �۔

o ��د ا�ا� �ر���ر� ز�� � �� 
ئ
 � �� �� �، � (Carbohydrate Chains) ��ى

ر 
زز  ى

ٹ
ڈڈزاور  (Glycoproteins) ���و�


 � �۔ (Glycolipids) ���پ
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o  او��ا�ز�ں (Oligosaccharides) ر � �� � �� �۔
زز  ى

ٹ
 � �ا� � � �� � � ���و�

 :(Trans-Golgi Network - TGN) �� � ورك-�ا� .3

o � �ز� � � (Plasma Membrane) ف �� � اور ا�ا� �ے� � (Exit End) ر � �م �� �۔� � 

o  اور � � ا�� ا� �ے �� (Sorting and Dispatching Station)  ر � �م �� �، �ں� �

ر �
خ
ىك�ر ىست دز � � ��ت � � �� � � وت

ٹ
ر اور �پ

خ خ ى
ٹ

 � � �� �۔ �و� �ہ �و�

o  نف �ں
ش
ىس و��اور  (Sulfation) س�فن

ئ
�� (Lysosomes) ۔� �� � � � 

 

                
                            (a)                                                                           (b)                                                                                                                                              

 (Exocytosis Process) �� ا�� اور �ر� ا�اج � ��: 

 

�� � (a) ��ا �� (Golgi Apparatus) ىہ ت
ض
�۔ �  (Organelle) � �� �� �، � � � �ا �ا ا� ا� عض

ڈز � ��
ٹ
ر اور �پ

زز  ى
ٹ

� � ا�م د� �۔ �� �  (Packaging) اور � (Sorting) ، ��(Modification) �و�

�ر�
ٹ ىس� ، � (Cis Face) � �ں � � �� � اور اس � دو �دى رخ �� �: س رخ (Cisternae) ا�� �د ست

و� ى
ٹ زز (Endoplasmic Reticulum) ا�و�ز� ر�ى


ىك�ز ىسن  � و�ل �� �، اور �ا� رخ (Vesicles) � آ� وا� ون

(Trans Face)ر
خ
ىك�ر ىسى ىوو� � � �۔ دو�ى �� (Secretory Vesicles) ، � �ر� ا�ا� وى ىكب  (b) � �و� �ہ ��ب

ر (Exocytosis) �ر� ا�اج
زر
ىك� ىست  Transport) � � � �� �� �، � � �� ا�� � � وا� �ا�رٹ وت

Vesicles) � �ز� (Plasma Membrane) ��ر � �رج �� �۔ اس � � دو ا�م � �ر� ر
خ خ ى

ٹ
 � � � �و�

(Secretion) ��د�� � �: � � �رج �� وا� ر (Constitutive Secretion) � اور ،� �� � � ،
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� � ��  (Signal Transduction Pathways) ، � � �ا�� را�ں(Regulated Secretion) ر��

اور � �و� �  (Enzyme Release) ، ا�ا� � ا�اج(Cellular Communication) �۔ � � �� �ا�ت

 � � ا�� ا� �۔ (Membrane Protein Integration) ا�م

ىوو� ا�اء 3.3.3 ىكپ  (Molecular Composition) �� � � ��پ

دز � �� اور �ا� � ذ� دار �� ��� 
ٹ
ر اور �پ

خ خ ى
ٹ

 :� � � ا�ا� �� �� � � �و�

�را�� •
ٹ ى�ئى� ڈز � �� �ر���ر� ز�� �ڑ� �۔ :(Glycosyltransferases) ��سئ

ٹ
ر اور �پ

زز  ى
ٹ

 �و�

ىوو� � � :(Sulfotransferases) ��ا�� • ىكى  � � �و� �ڑ� �۔��ى

ر  •
ز
ى� �

ٹ
ر � ��ر� :(Kinases and Phosphatases) �� اور �سفئىئ

زز  ى
ٹ

 اور ڈى ��ر� (Phosphorylate) �و�

(Dephosphorylate) ۔� �� 

ر  •
ز
ى ى

ٹ
ر � �ٹ � ان � � � � �� �� �۔ :(Proteases) �و�

زز  ى
ٹ

 �و�

 (Functions of the Golgi Complex) �� � � ا�ل 3.3.4

ر � �ا� اور �� .1
زز  ى

ٹ
 :(Protein Processing and Modification) �و�

o ر �� �� �۔
ذذ  ى

ٹ
 � ذر� ���و� نذ

ش
ىس ىلئ  ��سئ

o �ڈڈ

ى ، ��ر�، اور �پ نف

ش
ىس  � �� ا�ل � �� �۔ (Lipidation) س�فن

ر � �� اور  .2
زز  ى

ٹ
 :(Sorting and Packaging) ��و�

o ر � � � �� �۔
زر
ىك� ىسب ر � ان � � �زل � �� �� �� � اور وب

زز  ى
ٹ

 �و�

ڈ ���م اور � و � .3
ٹ
 :(Lipid Metabolism and Transport) �پ

o ڈڈز � �و� �� �ں � �� � �� �۔

 �پ

ر � � .4
خ
ىك�ر ىست  :(Formation of Secretory Vesicles) �ر� وت

o ر � � � �� �۔
خ
ىك�ر ىسئ ر � وئ

خ خ ى
ٹ

 �ر��، ا�ا� اور د� �رج �� وا� �و�

و�� � � .5
ئ

�� (Formation of Lysosomes): 

o ��و
ئ

ك ا�ا� � � �� �۔ (Primary Lysosomes) �دى ��
ٹ
 � ��رولئىئ
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 (Clinical Significance) � ا� 3.3.5

 � �ا�ں • نخ
ش
ىس ىلئ ل ��سئ

ٹ
ئىئ

خ
ئبىئ ج

خ
�
� (Congenital Disorders of Glycosylation):  � �و� �ا���

 ��ں � و� � �ا �� وا� �رو� �ر�ں۔

و�� ا�ر� ا�اض •
ئ

�� (Lysosomal Storage Diseases): �� �و�� ا�ا� � در
ئ

�� � �� � 

 � � � � ��۔

نن اور  (Alzheimer’s) ا�ا�� ا�� �ر�ں �  :(Golgi Fragmentation) �� � �اؤ •


 �ر�

(Parkinson’s) ۔� �� �� �� � �� � 

 (Significance of the Golgi Complex) �� � � ا� 3.3.6

ڈز � ��، ��، اور � و � � � �� �� � �
ٹ
ر اور �پ

زز  ى
ٹ

 � ا�ل اور � � ��ار ر� � � ��� �۔ � �و�

 �، � � � �ا�� � اور �� �ت � � � ا� �۔

 

و�م 3.4
ئ

�� (Lysosomes) 

و�م
ئ

�� (Lysosomes) ىں ئ
ت
ئ
خ
�
 ِ�  (membrane-bound organelles) � � �ى �� � � � �ف

 waste) ، � ��(intracellular digestion) � �� �� �۔ � �� �� (eukaryotic cells) �ا� �ں

disposal) �� اور �� ا�اء � دو�رہ (recycling) � �ا� �دار ادا �� �۔ ا� "�د � �" (suicidal 

bags) �آ  �  �  �  و�م
ئ

��   �۔ �   �ڑ �   ا�اء  ا� �  �  �  ��   �ٹ �   ا� ��  �  ��  �  � (cellular 

homeostasis) ار ر� اور �� ا�اء � ردو�ل�� � (turnover) ا� �۔ �� � � �� � � 

و�م � �� 3.4.1
ئ

�� (Structure of Lysosomes) 

 دو �ت د
ٹ
ىد و�م �ل � �ى � � �� �ں �� � � ا� ���ئىئپئ

ئ
�� (phospholipid bilayer)  ى� �

 ا�ا�
ٹ ئ

ر (hydrolytic enzymes) �� �۔ � � ��و��
خ خ ى

ٹ
ىوو� � �و� ىكت ، � � �� � � � � � ��� ��ت

دز اور �ہ �ر���ر� � �ڑ� � �� ر� �۔
ٹ
ىك ا�ز، �پ  �ك�ئ

و�م � � �ص �� � �� �� � � �ا� ��ل
ئ

�� (acidic environment)  �� � �� �دا� �

-⁺vacuolar H) د و�� ا� � اے � �� در�ن �� �، � � � �� pH  ��4.5  �5.0 �� �۔ اس �
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ATPase) ذر� ��ار ر� �� �، � ���ل � (cytosol) �رو� آ�� � (H⁺)  �� � و�م � ا�ر
ئ

�� �

نز 
ش
ىس ىلئ  � ��سئ ر

زز  ى
ٹ

 ا�ا� � �ظ ر� � � �� � � ا� ��� (glycosylation) �۔ �� �آں، � � ��د �و�

 �۔

  و�م � ا�ر
ئ

 ا�ا� 50��
ٹ ئ

ر (hydrolytic enzymes) � زا� � ��و��
ز ئ ى

ٹ
 �� �� � � � �و�

(proteases)زز
 ى زز (lipases) ، �پ

 ئ �� �۔ � ا�ا� �درے  (carbohydrases) اور �ر���ر� (nucleases) ، ��ى

و�ا�و�ز�  ى
ٹ -� �ز (Golgi apparatus) � � � اور �� ا�� (rough endoplasmic reticulum) ر�ى

6-�� (mannose-6-phosphate) و�م � �� � �۔
ئ

 � �� � � �� � �� ا� ��

 

و�م � � 3.4.2
ئ

�� (Formation of Lysosomes) 

و�م � � 
ئ

ب�ر� �م��  :� � �۔ ان � � � �ا� �ر� ذ� � (endomembrane system) ا�و �ىىم�

و� :ا�ا� � �� .1 ى
ٹ  ا�ا� �درے ا�و�ز� ر�ى

ٹ ئ
 � � �۔ (RER) ��و��

گ .2
ن
ىگت ت

ٹ  � � � �ر� � اور �� ا�� �  :�� اور ت نز
ش
ىس ىلئ �  (M6P) ��-6-�ز� ا�ا� ��سئ

 �� � �� �۔

زز :�� � � .3

ىك�ز ىسئ  trans-Golgi) � � � �� � � �ا� �� � ورك (vesicles) � � � ا�ا� � وئ

network) و�م
ئ

 �� �۔ (primary lysosomes) � � � �دى ��

و�م :ا�م اور �� .4
ئ

ىگوو�� (endosomes) ا�و�� �دى �� � �� � � ��ى  (phagosomes) � فى

و�م
ئ

�� (secondary lysosomes) ں �� �� �۔� � �� 

و�م � ا�م 3.4.3
ئ

�� (Types of Lysosomes) 

و�� � ان � � اور � � ا�ر � �ر� ذ� ا�م � � � � � �
ئ

��: 

و�م .1
ئ

و�م �� � � � ا�ا� � �ل �� �  :(Primary Lysosomes) �دى ��
ئ

� �زہ � �ہ ��

 �� �۔

و�م .2
ئ

ىگوو�م � ا�م � � �، �ں  :(Secondary Lysosomes) ��ى �� و�م اور ا�و�م � فئ
ئ

� �دى ��

 �� �� �۔
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 residual) � � � � ��� � �اد �� رہ �� � وہ ��� ا�م :(Residual Bodies) ��� ا�م .3

bodies) رت � �� �۔� � 

و�م � � ا� �اب � � �ورى ا�اء � � �� � � ��  :(Autophagosomes) �د �ار ا�م .4
ئ

�� �

 �� �۔

و�م � ا� 3.4.4
ئ

 (Functions of Lysosomes) ل��

ىوو� �  :(Intracellular Digestion) ا�رو� �� .1 ىكئ ىك ا�ز � �ڑ � آ�ن ��ئ ڈز، �ر���ر� اور �ك�ئ
ٹ
ر، �پ

زز  ى
ٹ

�و�

 �� �� �۔

 �اب ا�اء � � � � � � � � ��ار ر� �۔ :(Autophagy) �د �رى .2

ىگوو��س (endocytosis) ا�و��س :(Heterophagy)  ��� � ا�اء � .3 �  (phagocytosis) � فئ

 ذر� � � دا� �� وا� �اد � �� �� �۔

و�� ا� ا�ا� � �رج � � � � �  :(Apoptosis) ��� �� �� �ت .4
ئ

� � �ر� �ت � دوران ��

 �۔ ��

 � او�ت ا�ا� � � � �� �ل � �ر� �اد � � �� �۔ :(Extracellular Digestion) �ر� �� .5

 

و�م � �ر�ت 3.4.5
ئ

�� (Lysosomal Storage Disorders) 

و�م � ا�ا� � �ل � � ��د �ں � � ا�اض �ا � � �
ئ

 :ا� ��

ڈڈڈ� :(Tay-Sachs Disease) �رى� -� .1

ى نزن


ىكسووا�نى � � � ا�� �م  A (hexosaminidase A) ہہن

 � ا�ع �� �۔ (gangliosides) � ����ز

� � � ����و��ز  (glucocerebrosidase) ����و��� :(Gaucher's Disease) �� �رى .2

 � � �� �۔

 �رى .3 � �م ��د� �  (acid alpha-glucosidase) �����-ا� ا� :(Pompe Disease) ��پ

��� (glycogen) ا�ع �� �۔ � 
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ى�نن  .4 ى
ن
ن

زز :(Niemann-Pick Disease) � �رى-

ى� �

زئ
ىلئى ئ

ئ
گوو�ئ

زئ
ىنف  (sphingomyelinase) سف ىلئ ئ

ئ
ئ
گوو�

فئ
 � � � سف

(sphingomyelin) �� � �۔�  

و�م � ا� 3.4.6
ئ

�� (Importance of Lysosomes) 

و�م � � � اور � � � �� ا� �۔ � � � � �ورى � �ن دہ ا�اء � � � � � � �� اور ��
ئ

�� � 

و�� � � �م � �� � � � ز�� ا�ا
ئ

 ء � � � �ن � �� � � �۔��ار ر� �۔ ا� ��

 

 
و�م � ��

ئ
و�م:�: ��

ئ
ىہ (Lysosome) � �� ا� �� ت

خ
 � �� � �� �� �، � ا� � � �ا �ا عض

(membrane-bound organelle) اور �ا� �ت � (animal cells) �� �� �۔ � ا�رو� �� �� � 

(intracellular digestion) �اور � �و (waste processing)  ىہ ئض

و�م � � عض

ئ
� �ى �دار ادا �� �۔��

ىوو� � � و � � � �� �  (acidic environment) � �ے ر� �، � اس � �ا� ��ل ىكب � ��ار ر� اور ��ب

 ا�ا� �د د� �۔ � �
ٹ ئ

 ، �ا�(cellular debris) �� � (hydrolytic enzymes) ا�ر، ��و��

(pathogens)�ىوو ىكب ر (macromolecules) ، اور �ى ��� ��ب
زز  ى

ٹ
 (transport proteins) � �ڑ� �۔� و � �و�

و�م � �� � و � � آ�ن ��
ئ

ىوو� � �� ىكئ و�م �� �  � �ہ ��ئ
ئ

� �� ا� دو�رہ ا�ل � � � � � �۔ ��

 defense against) ، اور �ا� � �ف د�ع(autophagy) ، �د �رى(cellular homeostasis) آ�

pathogens) ا� �۔ �� � � 
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 (Inclusion Bodies) �� ا�م 3.5

 ا�م �� (Inclusion Bodies) ىن ت
ت
ت
خ
�
�   دار �  �   ��د  ا�ر �  � (non-membrane-bound 

structures) ا� ���زم � ،� �� (Cytoplasm) س
ئ
ىن �ا� ا�اء (Nucleus) � �ك�ئىئ ئ

ت
ئ
خ
�
 � ا�ر �� �� �۔ � �

(Nutrients)�وڈ� �� ��� ، (Metabolic Byproducts)د� ��ت � ، (Compounds)  ظ �� � �ہ� �

� وا� �، � �  (Prokaryotic Cells) �� � � �م �� �۔ ا�� �� ا�م �م �ر � ِ� �ا� �ت

 �ا� �ت � دوران � �ى �ار �  (Stress) � � ��د � � �، � د�ؤ (Eukaryotic Cells) ��ت � �ِ

 �ص ��ت � ذ�ہ �� � �۔

ر�
خ خ
 ��وآر� �   �ر  �ص  ا�م �� (Microorganisms) ��  � (Bacteria) ����   اور

(Cyanobacteria) � ڈ� � �د �� �۔ �ِ  � ا� �دار ادا �� �، �ں � �، ���م اور ���� ��ں ��

نز  (Eukaryotic Cells) �ا� �ت
ش
ىس  � � اس و� �� � � � � �و� � ز�دہ �ار �ا � ر� � � � � � ا�بىگب

(Aggregation) و� �اوار � � �� �ر � ا� � � �ت �۔� � ،� 

 :�م � ��ت�� ا 3.5.1

 :(Non-Membrane-Bound Nature) � � دار �� 3.5.2

ىاات ئض

�  (Lysosomes) � � ��و�م (Membrane-Bound Organelles) �� ا�م � � �ے �� عض

ىسوو� �� ا� �ظ �� �  � � �� �، �� ان � ارد �د �� � ��د � ��۔ � (Peroxisomes) �وكسپ

 �اد � �ہ �� � � � � � و � � � �م �� � ا�زت د� �۔

 :(Amorphous or Granular Appearance) � � � دا� دار �� .1

ڈ�وں � � � �� �� �۔ �� ا�م � اور �� � � �� � اور � � ا�ر � دا�ں � � ��ہ 

�رز � �ح � آ� �۔
ٹ  ��و ا�پ � � � �ر� د� � ك�س�

2. �� � (Variable Composition): 

ڈڈز(Carbohydrates) ان � ا�ل � ��، �� ا�م � �ر���ر�

ر(Lipids) ، �پ

زز  ى
ٹ

، (Proteins) ، �و�

� �� � � �۔ ان � �ص ا�اء � �  (Gases) � � � � (Inorganic Materials) � ��� �اد

 � اور ���� ��ت � � �� �۔
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 (Types of Inclusion bodies)�� ا�م � ا�م 3.5.3

 :(Storage Granules) ذ�ہ �� وا� دا� .1

�ورى �ا� ا�اء � �ظ ر� � � �م �� �۔ � �ِ �ا� اور �ِ �ا� دو�ں �ت � دا� �ا�� � ذ�� اور 

 � �� �� �۔

o �دا ��� (Glycogen Granules): �روں � �ت � ��د ��� �� �ا�� 

(Polysaccharide) � � اور �ں � �ت �۔� �ر � ذ�ہ �� �، �ص �ر  

o �دا � �� (Starch Granules):  ��ز�دہ � �دوں � �ت � �� �� � اور �ا�� � ذ �

 � �ر � �م �� �۔

o ے� � �� (Lipid Droplets): �� ار�� � � (Neutral Lipids)  اور ز�دہ � �� � �

 � �� �� �۔ (Adipocytes) �� وا� �ت�ار � 

 :(Gas Vacuoles) � � �ى �ں .2

ر� � 
خ خ
� � �ى �ں ��، �رى � �ل �� � � �ں � �ے �� �، �ص �ر � آ� ��وآر�

���� (Cyanobacteria)  � �� � ڈو� � �د د� � �� رو� � �ا� ا�اء � �� �۔ � ��ت

 ��ت �� � � �۔

 :(Polyphosphate Granules) �� �� دا� .3

ىوو� � � �� � اور �� � ذ��  (Inorganic Polyphosphate) � دا� � ��� �� �� ىكئ � ��ئ

 ۔� �ر � �م �� �

o ا�� ���م� (Energy Metabolism):  �� ا� �ا�� وا� �� ��ز � �رت � �ا�� ذ�ہ

 �۔

o �آ � �� (Phosphate Homeostasis): ا�ر �� � �� � � ��ار ر� �۔ � � 

o د�ؤ � �اب (Stress Response):  �دوران � � �د �ا� �� �۔آ�� د�ؤ � �ا � � 
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 :(Sulfur Granules) �� دا� .4

 (Elemental Sulfur) �ى �� (Sulfur-Oxidizing Bacteria) �� آ�� �� وا� ��

 � دا�ں � � �� � � �ا�� � ذ�� � �ر � ا�ل �� �۔

5. � �� (Magnetosomes): 

اا� (Magnetic Crystals) � �د �� ا�م �� ��
ٹ
ئنئىئ


ىگ �  (Magnetite) � � �� �، � �ئ

��� (Greigite)�� �� � ، (Magnetotactic Bacteria)  � �� � ز� � �� �ان �

  �۔آ� � �� �� � �د د�

 (Function of Inclusion bodies)�� ا�م � ا�ل 3.5.4

 :�ا� ا�اء اور �ا�� � ذ�ہ .1

 ���، �� � �� �� � ذ�ہ �� � �ا�� � �ان � �ا� � � دوران ا�ل � � �۔

2. � � �� � �� (Buoyancy Regulation): 

ر� � �� � ڈو� � �د د� �۔� � 
خ خ
 �ى �ں آ� ��وآر�

 :(Magnetic Orientation) �� � �ى .3

 �� � �� � �� �ان � �� � آ� � �� �� � �� �� �۔

 :(Waste Sequestration) �ت � �ہ �� .4

 م �ن دہ �دوں � �ت � �ہ � � � � ز�� ا�ات � �ظ ر� �۔� �� ا�

 (Importance in Biotechnology)��� ��� � ا� 3.5.5

��� ��� (Biotechnology) ا�م �و� � ز�دہ ا�ر �� � (Overexpression)  �� ��� �

 � � �ہ �و� ا� � �ل �� �، � ا� دو�رہ �ل �� � �� � � �۔ �۔ ان

�� ا�م � �� � ��ا�ں � �� ���م، د�ؤ � �اب اور ا�� � �ں � �رے � � ��ت �� 

 �� �۔
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  ��  �   �ت  (Inclusion Bodies) ا�م�:

 � وا� �� �، � � � �ہ (Inclusion Bodies) � �� �� ا�م

(Misfolded) ہ�  �   �وى � (Partially Folded)  �  �  ر
زز  ى

ٹ
�و�

�� (Dense Aggregates) ت�  ��  �  ���  �  ،�  �� 

(Mammalian Cells) �   �و�  ا�ر�   ز�دہ

(Overexpression)  � �ىن اس و ب
ت
ب
خ
�
� دوران � � �� �۔ � �

 � �ر � �� �،  (Cellular Machinery) � � �� �ى د�ؤ

 �� � � � �� �۔ (Folding) � � � � �و� � � �ى

 �و�  �ہ  �پ  دو�رہ  ا�  ا�م  �رى �� � (Recombinant Protein Production) ں��  �   �ر�ں �   اور

(Disease Conditions) د� �� �۔ � 

 

نف  3.6
ش
ىس ىفنىكن سن

ك
 (Peroxisomes) � ��: �و� �� (Cellular Detoxification) �� ڈ�

  � د�� � Peroxisomes � � � � (1950�� ( و��
بب

 
ىى

ج  ج
�

ى  مى
ئ
ڈوو  ىڈ ) ��biologistدان ( ت�� � ئ

)Christian de Duve� � (� ��ت )cellular organelles�۔ ا�ں � �ق �� � ��� دوران در � ) � ا

�� )differential centrifugation� ( �اور ا�ا  � �ے ڈ��ں � �� � � ا�ل �� �� ان ��، � ں

 hydrogen( �آ�� رو��� � �� �� � د�� � 1960) �۔ � ازاں microbodies" (�و�"�� ا� �

peroxide� � (م�� )metabolism� ( ر� � و�ان � �م "� � � � � ،� �ان � �دار � وا "�� �� � 

ڈڈ

 ۔�� �� � ) �oxidative reactionsرد � ( �آ�ى

�ل  ،� ا�� � ا� ان � ) �metabolic processes�ت ( ��� � � �ر� � ��، � و�

ڈ �
ٹ
 �)، ڈlipid metabolism( ��م�پ

كس
 
ى ى
 
ف

 
ىى

 
ك

ى 
ى

نن 
ش
گ ( �اور �) detoxification( ش

نن
�

نن
 و�)۔ �cellular signalingسگ

ان  � � � ا�� ��در ) �Zellweger syndrome�روم ( ��ز ) �peroxisomal disorders�� ا�اض (

 ۔� ں�� ا� �دار � �
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 (membrane-bound organelles) ا� ا� � � �ے �� ��ت (Peroxisomes) �و� ��

 (metabolism) � ��د �� �۔ � ��ت � � ���م (eukaryotic cells) � � �� �م � ا�ا� �ت

نف 
ش
ىس ىفنىكن سن

ك
� � اور � �دى �دار ادا �� �۔ �و� �� ��، �ل � �ى � � � (detoxification) اور ڈ�

ڈ� �ؤ (toxic substances) � � ا�ر ز�� �دوں
ٹ
� � �� � � ا� �۔  (oxidative stress) � �ڑ� اور آ�ى

� � (liver) اور �دوں (kidneys)  ت �ر �ر اور� �  نخ
ش
ىس ىفئىكئ سئ

ك
� �ت � �ص �ر � ز�دہ �� �� �، �ں ڈ�

 � �� �ورى �۔ � �

 

 (Structure of Peroxisomes) �و� �� � �� 3.6.1

  1.0�  0.1�و� �� �م �ر � �ل � �ى � � �� � اور ان � �  د
ٹ
��و � � �� �۔ � ا� وا� �پ

� � � د� �ں �  (enzymes) د ��وں� � �ے �� �، � ان � ا�ر �� (lipid bilayer) دو�ى �ت

 �ہ ر� �، �� �ن دہ �اد � � � د� ا�اء � � � رو� � �۔

 :�و� �� � ا�ر � ��ے ��د �� �، � � � � ا� درج ذ� �

ڈڈ� .1

ڈڈا� (organic molecules) � ��ے ��� ��ت :(Oxidases) آ�ى


�� �،  (oxidize) � آ�ى

 �ا �� �۔ (H₂O₂) � � � � ��رو� �آ��

ا� .2
ٹ د�  :(Catalase) �ى

ٹ
� ��ہ ��رو� �آ�� � �� اور آ� � �� �� �، � � � ا�اء � آ�ى

 ظ ر� �۔� � (oxidative damage) �ن

��  �  ��   دار (matrix) �و�  � (granular) دا� � (crystalline)  ے�  �   ا�ا� �  ،�  �  �

�� (enzyme aggregates) د� � � �� �۔ � �و� �� � � �ر�� � (crystalline core)  �� �

 � � �د � آ� �۔ (microscope) �، � �رد�

 (Functions of Peroxisomes) �و� �� � ا�ل 3.6.2

 :� � � � درج ذ� ا� ا�ل ا�م د� � (multifunctional organelles) �و� �� � ا�� ��ت

ى ا�ز .1
ٹ ىى ڈڈ� (Fatty Acids) فٹ


 :� آ�ى
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ى ا�ز ��و� �� � � � ا� 
ٹ ىى ڈڈ�-β �دار �� ز� وا� اور � �� ز� وا� فب


�  (β-oxidation) آ�ى

اا�
ٹ
ىسئىئ ئ ا�ز � �� ائ

ٹ ىئ ىوو� � �ڑ د� �� �، � ��  (acetyl-CoA) � اے-� � �ڑ� �۔ اس � � دوران فئ ىكت ��ت

ڈ� � � ����ر�
ٹ
 � �رت � �ا�� �ا �� �۔ ATP � �� � اور�  (mitochondria) آ�ى

نف  (Toxic Substances) ز�� ��ت .2
ش
ىس ىفنىكن سن

ك
 :� ڈ�

� � �ر ��  (toxic metabolites) اور د� ز�� ���� (alcohol) �و� �� �ن دہ ��ت، � ا��

ا�ل � ا� �دار ادا �� �۔ �
ت � �� �� �،  (acetaldehyde) � ا��� (ethanol) � �ت � � ا�ى

 � � ا�� � ز�� ا�ات � �� �۔

 :� � (Hydrogen Peroxide) ��رو� �آ�� .3

د� �ت � دوران �ا �� � اور � � � (H₂O₂) ��رو� �آ��
ٹ
�ن دہ �� � � �۔ �و� ��  آ�ى

ا�
ٹ  اس � �ى � �� اور آ� � �� � د� �، � � � � � �ر �� �۔ (catalase) � ��د �ى

 :� �رى (Plasmalogens) �ز��� .4

ڈڈز

پ � �رى � �� ��  (plasmalogens) ��� �ز� (ether phospholipids) �و� �� � ا� ���ى

 � � اور د�غ و دل � ا�ل � � �� ا� �۔ (cell membranes) �، � �� �ں

ر  .5
ز
ى� �

ش
ىس  :� � � ا�م (ROS) رى ا� آ� سنپن

ڈ� �ت � � � � وا� رى ا� آ� 
ٹ
زز�و� �� آ�ى


ى� �

ش
ىس � � � �ول  (Reactive Oxygen Species) سپپپ

د� �ؤ ROS �� �۔
ٹ
ىك ا�ز (oxidative stress) � ز�د� آ�ى ڈز اور �ك�ب

ٹ
ر، �پ

زز  ى
ٹ

 nucleic) � �� � � �، � �و�

acids) ن � � �۔� � 

 (Biogenesis of Peroxisomes) �و� �� � � 3.6.3

 :و� �� � � دو �دى ��ں � �� ��

و� (De Novo Formation) � �و� �� � � .1 ى
ٹ  (Endoplasmic Reticulum) ا�و�� ر�ى

�: 

o ر
زز  ى

ٹ
و�� را��� (membrane proteins) � �و�

ٹ ى
ئ

�� (cytosolic ribosomes)  � �� ر� �

 �۔ � �� �� ER اور
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o ER زز

ىك�ز ىسى  � � �ل �و� �� � �� �۔ (budding) � �� (vesicles) � وى

 :(Division of Pre-Existing Peroxisomes) ��دہ �و� �� � � .2

o دز �� � � ان � � �ھ �� �۔
ٹ
ر اور �پ

زز  ى
ٹ

 ��دہ �و� �� � �� �و�

o ر
زز  ى

ٹ
ڈ �و�

ٹ
ڈ
ٹ
ىلئىئ  � � � � � � � ا�م د� �۔ (dynamin-related proteins) ڈا�� رئ

 Significance of Peroxisomes in Cellular) �� ���م � �و� �� � ا� 3.6.4

Metabolism) 

د� �ن � �ؤ � ا� �دار ادا �� �۔
ٹ
ان � �م �ازن � � �ر�ں  �و� �� � � ���م اور آ�ى

� ،� � � �� �: 

ى ا�ز � �  :(Zellweger Syndrome) ز�� �روم •
ٹ ىى �و� �� � �م � � �� �� ز� وا� فب

 �� �۔

ى ا�ز �  :(Adrenoleukodystrophy - ALD) ا�ر���ڈ�و� •
ٹ ىى �� � ���، � � � ز� وا� فب

 �م � �� �� �۔

 �و� �� � �دار �� � اور �ر�ں � �ؤ � �� ا� �۔

 
و�م

ئ
��  :� (Lysosome) ��  �:��   �ا �  �   ا� �  ،�  ��  ��  �  ��  �  و�م

ئ
��  ��  � (membrane-bound 

organelle) اور  � �   ا�ى � (intracellular digestion)  ر
ذذ  ى

ٹ
 �و�  �ا�رٹ د

ٹ
د
ٹ
لئىئ

ئ
 ���ئ �  �  �  و�م

ئ
 �۔��  دار  ذ� � 

(glycosylated transport proteins) ��  ،�   �ر  �۔ا�رو� ��  �  �   �د� �   �اد �  �  ��  ا�  (matrix) ��د
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ك ا�ا�
ٹ
ىوو� (hydrolytic enzyme) ��رولئىئ ىكب  دو�ى �ت (macromolecules) � �� � � �� � � �ى ��ب د

ڈ
 � �ڑ� �۔�پ

(lipid bilayer) و�م � �ے �� ر� �، � ا�ا� � ��� � � �ورى �ا� ��ل
ئ

�� (acidic environment)  �ار ر�� �

 �۔

 (Powerhouse of the Cell) ور �ؤس����ر�: � � � 3.7

ى�ے (Mitochondria) ����ر�
ض
� � �� �م  (double-membraned organelles) دو�ى � وا� عض

 �ں  �ا� �ِ (eukaryotic cells) و�زم
ٹ ى

ئ
��  � (cytoplasm) ؤس�   �ور �  �   ا�  �۔ ��  ��  � 

(powerhouse)    ر���� ��  �  ،�  �  ��   �ا  �ا�� �  �  �  �  ��  �  ��  � (cellular 

respiration)�� �ئض�ے اڈ�� �ا

�ا �� � � � � �دى �ا�� � ذر�  (ATP) ، � ا� �دار ادا �� �۔ � عض

 (apoptosis) � ��، ا��س (metabolism) ں � � � � �، � � ���م�۔ ����ر� � ا� �� �

 �ت ��   �ہ  �و�ام � (programmed cell death)ٹىسس
ٹ
سٹ

��  �   اور ، (calcium homeostasis)  ��

 �۔

 (Discovery of Mitochondria) ����ر� � در�� 3.7.1

   Albert von) �، �� ا��� ا�ٹ وان �� 1857� در�� ا�� �ى � آ� � ��۔ ����ر�

Kölliker) ���ں � �ں � دا� � ڈ�� � د� اور ا� "�ر� �" (sarcosomes)  ،1890� �م د�۔ � ازاں 

�نض 
ٹ �ى

� ان ڈ��ں � � � آزاد ��ں � �ر � � � اور ا�  (Richard Altmann) �، �� �� ا�اض ر�ڈ آ

����"" (bioblasts)  � ان �رل �ا 1898� �م د�۔�� �� ،� (Carl Benda) �ا� "����ر �" 

(mitochondria) م د�، � ��� ا�ظ "��س� �" (mitos) ��اور "��روس� د " (chondros) دا� � ��ذ �۔ � 

� �� � ��ا�ں � ����ر� �  (electron microscopy) �� �ى � و� �، ا�ان ��و��

 �ا�� � �اوار � ان � �دار � � � �� د�۔   Eugene) ، �� �ى� د�� � 1950دو�ى � وا� �� اور

Kennedy) ربر�
ن
ى
نب
 �بى  ا�ٹ  ��ر� (Albert Lehninger) اور ڈ�

ٹ
 آ�ى  ����ر� �  �  ��  �  � (oxidative 

phosphorylation) اور ATP ۔ � � ��ں � ����ر� �م� � � �� � (mitochondrial genome) 

��  �   ��د�  �ر�  �د �  �   ان �  �  ،�  (semi-autonomous) �   ورا� �   �ں  اور  maternal) �دار

inheritance) رے � �ت �ا� �۔� � 
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 (Structure of Mitochondria) ����ر� � �� 3.7.2

ئ�ے � � � �� � درج ذ� ا�اء �� �
خ
 :����ر� �ہ اور �ك عض

 :(Outer Membrane) �و� � .1

o � �� د
ڈ
پ � � �� � �  (phospholipid bilayer) �و� � �ار اور � دار �� � اور ���ى

 �� �و� �� �� �۔ (porins) "� "�ر�

o � �ب�ر  ، ����(ions) آ��� � �  (transmembrane channels) � �ر� �ا� �ىىم�

(metabolites)) �ىوو ىكٹ  �ڈا� �) � � �ل �ر� � ا�زت د� �۔ 5، اور �� ��ٹ

o و� � � ��د ��ے� (enzymes) ڈ ���م
ٹ
ڈڈ� (lipid metabolism) �پ


 � ��ا�� آ�ى

(monoamine oxidase)  نف
ش
ىس گن

فن

ى ا� ا�

ٹ ىى  � �� �۔ (fatty acid elongation) اور فن

 :(Inner Membrane) ا�رو� � .2

o � � � �ا�رو (cristae) ا�� � �اوار � �� �� �۔� � �� � � � � � 

o  � � �د� ��ر
ٹ
ىوو� � � ��� �ذ �� � اور آ�ى ىكئ �ص ��ل �ا� � � ز�دہ � آ� اور ��ئ

 �� �۔

o � اس � "ا�ان �ا�رٹ" (Electron Transport Chain - ETC) اور "ATP زز

ى� ھ�

ت
ى
زت
س

" 

(ATP synthase) و� �� �۔� 

o ��ا�رو� � � "�رڈ" (cardiolipin) د �� � � � � ا�م � �د �� �۔
ڈ
 �� �پ

 :(Intermembrane Space) � � در�ن � .3

o و� اور ا�رو� � � در�ن وا� �۔� 

o ا�ان �ا�رٹ � � ذر� �ں �و�ن (H⁺) � ،� �� � ATP  اوار � � �و�ن�

 ��� �� �۔

 :(Mitochondrial Matrix) ����ر� �� .4

o  � � � � �ا�رو � � ��� �� (Krebs Cycle)  ڈ�اور
ٹ
ى ا� آ�ى

ٹ ىى -beta) فن

oxidation) ے�� � � (enzymes) د �� �۔�� 
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o  ر��ں���� DNA (mtDNA)���را ، (ribosomes) ،tRNA  � �� � ر
زز  ى

ٹ
اور د� �و�

 � ا�اء ��د �� �۔

 

 (Functions of Mitochondria) ����ر� � ا�ل 3.7.3

 :(Energy Production) �ا�� � �اوار .1

o ATP ذر� �ا�� �ا� �� �۔ � �� 

o � ا�ان �ا�رٹ (ETC) ذ� ��ر� � � � � � �۔
ٹ
 � ذر� آ�ى

 :(Metabolic Regulation) ��� ر�� .2

o �� ��  ڈ�اور
ٹ
 � ذر� ��� ا��� �� �۔ � آ�ى

 :(Apoptosis) �و�ام �ہ �� �ت .3

o � وم��� (cytochrome c) ر
ز
ى�� ىسپپپ كپ

 � �ل �� �۔ (caspases) �رى � � 

ٹىسس .4
ٹ
سٹ

�� � (Calcium Homeostasis): 

o ازن � ��ار ر� � �د د� �۔� � � 

 (Inheritance) اور ورا� DNA ����ر� 3.7.4

 � ا� �� �۔ DNA ر� � � �ل � � �� � اور �� DNA ����ر� ا�

 �ف �ں � � �� �، �� �م � ����ر� ���� � � � � �� �۔ DNA ����ر� •

 ۔(LHON) �ز ���ى آ� �رو�اس ورا� � و� � ����ر� �ر�ں � ا�ل �ں � �� �، �  •

 

 (Significance of Mitochondria) ����ر� � ا� 3.7.5

� �ں اور �و�ام �ہ �ت � � �� �۔ ����ر� �ا�� � �ا� اور � � � � � �� ا� �۔ � � � � �

ر����ر� �ا�ں � � � �ر�ں � �، � 
ز
�
ز
س�

زن
 ۔ا�ا�زاور  �رك
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 (Structure of Mitochondrion) �: ����ر� � ��

ى�ے (outer membrane) � �� ����ر� � ا� ا�اء � وا� �� �، � � �و� �
ض
�  (organelle) �� � � عض

 (cristae) � � � ��د �� � � �� (folds) �ں (inner membrane) �ے �� �� �۔ ا�رو� �

� ،� �� � ATP در�ن � �اوار � � � � ��� � �د د� �۔ان دو�ں �ں � در�ن ��د � � � � 

(intermembrane space) �� � �ا�رو � � � ،� �� � (matrix) �ر���� � � ،� �� 

DNA ���اور را (ribosomes) �� � �د �� � � �و�� (protein synthesis) ا�ل �� �۔ � � 

F₀F₁ زز

ىك�� پ�پ زز ATP ��پ


ى� ھ�

ت
ى
زت
س

 (ATP synthase) �د� ��ر
ٹ
 oxidative) ا�ا� � ��� �� � � آ�ى

phosphorylation) ۔ � �� ����ر� � "� � �ور �ؤس� �� �� � � �" (powerhouse of the 

cell)  �� � ،� �� �� � �� ر���� �ر � �م (cellular respiration) ذر� �ا�� �ا �� �۔ � 

 

 (Protein Synthesis Factories) را���: �و� �� وا� ��ں 3.8

ىاات (Cell) � (Ribosomes) را��� ئض

� �� �، �  (Organelles) � ا�ر ا�� ا� اور � ا� عض

 آر ا� اے (Protein) �و� �جرر
ذ
ىسى مت

�  (Messenger RNA - mRNA) � �رى � ذ� دار �� �۔ � �و� � 

 �ڈ ��   �� (Genetic Code) ��د � (Translation) �  ���   �ہ �  ��  �   �۔ ��  �  � 

(Molecular Machines) م ��اروں � �ت� (Cells) � ��د �� �، �ل �ِ �ا� (Prokaryotic)  �ِ اور
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 اور � � �و� (Eukaryotic) �ا�  د� �ل(Growth) �ت، ، (Maintenance)اور ا�ل  ، (Functions)  �

 �دى �دار ادا �� �۔

 (Discovery of Ribosomes) را��� � در�� 3.8.1

   در�� �   رو�� 1950را���  �ر  در�� �   اور ،��  �   د��  دان-�  ��ت ��   Cell) ا��

Biologist) رج ا� �ڈے� (George Emil Palade) ب �۔ ا�ں � ا�ان ��و�پ� � (Electron 

Microscope) و�زم
ٹ ى

ئ
 دا�  (Cytoplasm) � ا�ل �� �� ��  (Granular Structures) دار ڈ��� �،

� �رے  (Cellular Organization) د�، � � � را��� � �ر � �� � �۔ �و� � �رى اور �� �

�اف �، ا� � ا�ب �� � د�۔ ان � ا� �ر��ں � ا (Biological Science) � ان � � � ��� ��

 � �ازا �۔ (Nobel Prize in Physiology or Medicine) �� ا�م �ا� �ت � ��  1974

 

 (Structure of Ribosomes) را��� � ڈ�� 3.8.2

 � � � �� �، � (Ribonucleoprotein Complex) را��� �دى �ر � را��� �و� �

ر (Ribosomal RNA - rRNA) را��� آر ا� اے
زز  ى

ٹ
�� �� �۔  (Ribosomal Proteins) اور را��� �و�

 �ا� (Subunits) � دو � � �� ِ� � ،� �� � � (Prokaryotic) �ا�  �ت  (Eukaryotic) اور �ِ

�� � (Size) �� اور (Density) � �ق ر� �: 

 :(Prokaryotic Ribosomes) �ِ �ا� را��� .1

o �� �: 70S (�� گ��� - Svedberg Unit) 

o � � �� � دو:  

 �� � ا� (Large Subunit - 50S) 

 �� � �� (Small Subunit - 30S) 

 :(Eukaryotic Ribosomes) �ِ �ا� را��� .2

o �� �: 80S 

o � � �� � دو:  
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 �� � ا� (Large Subunit - 60S) 

 �� � �� (Small Subunit - 40S) 

نف  (Svedberg Unit) ���گ ��
ش
ىس  � دوران � � �ح (Ultracentrifugation) وہ ا�� � � ا�ا �ى �گئ

(Sedimentation Rate) � ،�� � ،� �� �� � (Shape)�� اور ، (Density) ۔� �� � � 

 (Ribosomal Components and Functional Sites) را��� ا�اء اور � ��ت 3.8.3

 :�� � � �و� � �رى � دوران �دى �دار ادا �� � (Functional Sites) را��� � � ا� � ��ت

1. A �� (Aminoacyl-tRNA Site): 

o آر ا� اے �  ى ى
 � ��� �، � �و� � (Aminoacyl-tRNA) � �� آ� وا� ا��ا�

(Protein Chain) �وا� ا� ا�� ا �� �� � (Amino Acid) آ� �۔ � � 

2. P �� (Peptidyl-tRNA Site): 

o اس � آر ا� اے �� � (tRNA)  �� �� �� �� �� � � �� (Polypeptide Chain) 

 �� �۔ (Peptide Bond) � � � � اور ا�� ا� � در�ن �� ��

3. E �� (Exit Site): 

o � �۔� �� اس � آر ا� اے � آزاد �� � � � ا� ا�� ا� �� �� � � � � د 

 

 (Types of Ribosomes) را��� � ا�م 3.8.4

 :را��� � ان � � � ا�ر ��د� � �� دو ا�م � � � � � �

 :(Free Ribosomes) آزاد را��� .1

o و�ل
ٹ ى

ئ
�� � (Cytosol) ۔� �� � � 

o ا� �و� �ر �� � � � � ا�رو� ا�ل (Intracellular Use) ت�� � � �� � � 

(Organelles) ف � �� �۔� � 

 :(Membrane-Bound Ribosomes) � � �ے را��� .2
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o ر�ں ا�و�ز� �ل � (Rough Endoplasmic Reticulum - RER) � ��� �و� � 

(Outer Nuclear Membrane)  �� ۔� �ے� 

o و� �ر �� � � �رج� � (Secretion)�� � � ، (Membrane Integration) � ،

و��
ئ

�� (Lysosomes) ص �� �۔� � � �� � � 

 (Protein Synthesis Process - Translation) �و� � �رى � � 3.8.5

 : �� ��و� � �رى � � � �ا� � �

 :(Initiation) آ�ز .1

o را��م ا� آر ا� اے (mRNA) وع �ڈون� � (Start Codon) د � �� �۔� � 

2. �� (Elongation): 

o �را��م ا� آر ا� اے � �� �� � اور ا�� ا (Amino Acids) ڑ � �و� � �� �۔� � 

3. �� (Termination): 

o  �ا�پ �ڈون (Stop Codon) �� �� � آ� �، را��م (Polypeptide) آزاد �� �۔ � 

 (Significance of Ribosomes) را��� � ا� 3.8.6

 � �ل �و� (Genetic Information) �� ��ت :(Protein Synthesis) �و� �� •

(Functional Proteins) �� � ۔�� 

• � �� (Cell Survival): ر �ر ��۔
خ خ ى

ٹ
 � � � � � �ورى �و�

• � ��� (Biological Processes): �ا�ا (Enzymes) � ��� � �� ر� (Metabolic 

Processes) ۔� �� � � 

ر :(Role in Diseases) �ر�ں � �دار •
زز  ى

ٹ
-ڈا�� �ا�ں � �ر�ں � � � � �، �  را��� �و�

 ا� ىنف ىكفب بب�ب  (Diamond-Blackfan Anemia)۔ 
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 (Ribosome) �: را��م

 � � �� �، �� (Large and Small Subunits) ، � �ے اور �� � ��(Ribosome) را��م

(Translation)  �دار ادا �� �۔ � ا� آر ا� اے� � � ا� (mRNA) اور � آر ا� اے (tRNA)  �� � ھ�� �

�� �� (Polypeptide Synthesis) � �� ۔ را��م � ا�ر � ��ت� �� � �: A �� 

(Aminoacyl Site) ،P �� (Peptidyl Site)اور ، E �� (Exit Site) ا� �ڈون ��ت-�ڈون، �ں 

(Codon-Anticodon Interactions)  و�ع �� �� �۔ � ��ت در� �� �� � � � � �� � اور

 �و� � �� � دوران ا� آر ا� اے اور � آر ا� اے � در�ن �� � آ� �ا� �� �۔

 

  (Learning Outcomes) ا�� �� 3.9

 اس ا�� � �� �� � � �� � اب و�� �ے �:

 ��  
ض
ى عض  و�� ��۔ ) �Functions) اور ا�ل (Cell Organelles� ( ) ��Structure( ااتى

 ور و�ز��ا ى
ٹ  ) اور ان � ا�ل � �۔Typesا�م ( ) �Endoplasmic Reticulum( ��ى

 �� � )Golgi Complex� ( ر
خ خ ى

ٹ
اس �  ) �Transport( اور �� �و� ) �Proteins( �� اور �و�

 ��۔ ن�دار �

 ��و
ئ

�� )Lysosomes� ( � ى�� اور ا�رون ) ا�مIntracellular Digestion� ( � اس � �دار 

 و�� ��۔

 ��� ) ا�مInclusion Bodies� ۔ � ا�م � �رے � ) اور ان�� 
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 � ى وكس ڈڈPeroxisomes( سوو�ى

 ان � �دار � �۔ ) �Oxidative Reactionsرد� ( �) � ا�ل اور آ�ى

 و
ٹ ى

ئ
 ن�دار � � ) �Energy Production( اوار� � ا�اء اور ان � �ا�� ) � ��Mitochondria( ���ر��

 ��۔

 ���را )Ribosomes� ( �اور �و �� �� )Protein Synthesis� ( � ا� � �۔ ان� 

 

 (Keywords) �ى ا�ظ 3.10

 ا��ى ا�ح اردو ا�ح و��

د � �� اور � و � � 
ٹ
� � ا�ر ��د ��ار �� � �و� اور �پ

 �� �۔�د�ر 

ا�و�ز� 

و� ى
ٹ  ر�ى

Endoplasmic 

Reticulum 

گ � ��۔
خ
بب ى�� ڈز � ��، �� اور بپب

ٹ
ر اور �پ

خ خ ى
ٹ

 Golgi Complex �� � � � �و�

 ا�ا� � � �� � اور � � 
ٹ ئ

� � �ے �� ا�م � ��رو��

 ا�� � ا�م د� �۔
و�م

ئ
�� Lysosome 

ىہ � ا�و� � � ذر� اے � � ئذ

�ر ��  (ATP) �ا�� �ا �� وا� عض

 �۔
و��ر�

ٹ ى
ئ

�� Mitochondria 

ر �  (RNA) �و� �� �� وا� �� ذرات � آر ا� اے
زز  ى

ٹ
اور �و�

 � �� �۔
 Ribosome را��م

 

  (Model Examination Questions)�� ا�� �ا�ت  3.11

  (Objective Answer Type Questions)� �ا�ت � �� �ا�ت  3.11.1

و� .1 ى
ٹ  � دو ا�م �ن � �؟ (Endoplasmic Reticulum) ا�و�ز� ر�ى

a) ار اور �درا� (Smooth and Rough)     b) �� ا اور� 

c) �ا�رو� اور �و          d) ل اور � �ل� 
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2. � �� (Golgi Complex) دى � � �؟� � 

a) �� و� � ذ�ہ�          b) گ
ن
جت ى�� ڈ � �� اور تپت

ٹ
 �و� اور �پ

c) ا�� � �رى�           d) � � ڈى ا� اے 

و�م .3
ئ

�� (Lysosome) ا�ر ��د ا�ا� � �دار � �؟ � 

a) �� ا�� �ا�           b) �� ا� ا�اء � ذ�ہ� 

c) �ىوو� � �ڑ ىكت  �و� � �� (d          ��� ��ت

و��ر� .4
ٹ ى

ئ
�� (Mitochondria) ن � �� � �� �؟� � � � 

a) �� ���           b) ور �ؤس� 

c) �� ��           d) � �را� 

 � �دى �� � �؟ (Ribosome) را��م .5

a) � �ا            b) �� � دو (Subunits) 

c) ڈ
ٹ
ىوول (d           �و� اور �پ ىكن  ڈى ا� اے ��ن

 � �ن � ا�ا� �م �ر � �� �� �؟ (Peroxisome) �آ� زوم .6

a) ��� (Catalase)         b) زز
 ى

ئ
 (Amylase) ا��

c)  پسنن ى  (d          (Pepsin) نپنىن پ
ئ

�� (Lipase) 

 � � � �� �؟ (Inclusion Bodies) ا�ژن �ڈ� .7

a) و� � ز�د� � دوران�        b) ڈى ا� اے � � � دوران 

c) دوران � � ��         d) ذ�ہ � دوران � �� 

 

و��ر� .8
ٹ ى

ئ
�� (Mitochondria) � ATP ا �� وا� � �ن � �؟� 

a) زز
 ئ
���� (Glycolysis)        b) �� �� (Krebs Cycle) 

c) �ڈ� ��ر
ٹ
زز (d (Oxidative Phosphorylation) آ�ى


ى�� ھت

ت
ى
زت
س

�� (Photosynthesis) 
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 � �و� �� �ں �� �؟ (Ribosome) را��م .9

a) زم��� (Cytoplasm)        b) س
ئ
 (Nucleus) �ك�ئىئ

c) ��ا �� (Golgi Apparatus)      d) و�ل (Vacuole) 

10. � �� (Golgi Complex) زز

ىك�ز ىسى  � ا�اج �� �؟ (Vesicles) � � � � وى

a) � � (Cis Face)         b) � �ا� (Trans Face) 

c) �� �و��ر
ٹ ى

ئ
��          d) �� (Lumen) 

a) .1ار اور �درا� (Smooth and Rough) 

b) .2�ڈڈ � �و

پ  �� اور �پ

پ
ى اور  گى

نن
ج �� 

c) .3���  �� ى ى ك ى  � �ڑ� وو�ى

b) .4ور �ؤس� 

b) .5 � دو�� (Subunits) 

a) .6��� (Catalase) 

a) .7�دوران د��ز � �و � 

c) .8ڈڈ

 (Oxidative Phosphorylation) ���ر �آ�ى

a) .9زم��� (Cytoplasm) 

b.10� �ا� ( )Trans Face( 

  (Short Answer Type Questions)� �ا�ت � �� �ا�ت  3.11.2

ور و�ز��ا .1 ى
ٹ  ۔�و�� � ا�م اور ان � ا�ل � ) �Endoplasmic Reticulum( ��ى

 ۔ا�ل �� ىداور اس � � �� ن) �Golgi Body�� � ( ) ��Structural Diagram( ى�ڈ �� .2

و�م .3
ئ

�� )Lysosome) ا�ر �� �� وا� ��وں � (Enzymes� ( �۔ڈا� ا�م اور ان � ا�ل � رو 

ى �واكس  .4  ۔�و�� � �� � ) اور ان �Peroxisomes� � (�� ) �Biological Function( سوو�ى

  ۔�� ن� � � �� �؟ � ں� �ور �ؤس" � ) � "�Mitochondria( �����ر .5
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  (Long Answer Type Questions)�� �ا�ت � �� �ا�ت  3.11.3

و� .1 ى
ٹ  � ا�م، �� اور ا�ل � � � �ن ��۔  (Endoplasmic Reticulum) �و�ز� ر�ى

� �� اور اس � � ا�ل � � � �ن ��، � � � اس � ا�  (Golgi Apparatus) و� ا�� .2

 � رو� ڈا�۔ 

و�� .3
ئ

�� (Lysosomes) رى�   �د  اور  ا�ل  ا�اء، ��  � (Autophagy) ان  �  �  �  �   �دار �

 و�� ��۔ 

� ان � �دار �  (Cellular Respiration) � ��، ا�ل اور �� � (Mitochondria) ����ر� .4

 � � رو� ڈا�۔ 

 � �� (Ribosomes) را��� .5  اور �و�  ا�م ،�� � (Protein Synthesis)  �  � � � ان

 � ��۔�دار � و�

3.12  ��(Glossary) 

�� (Explanation) ا��ى ا�ح اردو ا� اردو �دل 

دز � ��
ٹ
، (Modification) ا� � دار �� � � �و� اور �پ

� � ذ� دار  (Packaging) اور � (Sorting) در� �ى

 �۔

 Golgi Apparatus �� � �� ا��

 Mitochondria ����ر� � � �ور �ؤس � � وہ � �ں ا�� � ��ت � �ڑ � �ا�� �ا � �� �۔

 �آ��  ��رو� �   ا�م  دار �  �� (Hydrogen 

Peroxide)  � � �اور �� � �اب � �ڑ � �� � �

 � �� �� �۔

ڈڈ

 � ا�مآ�ى

�و� 

�� 
Peroxisomes 

��  �   �و� �   ذرات ��   ��د  ا�ر �  � (Protein 

Synthesis) ا� �دار ادا �� �۔ � � � 

 �ز  �و�

 ا�م
 Ribosomes را���
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ىس (���) :4 ا�� ئ
ئ
 �ك�ئ

(Nucleus) 

 ا�� � ا�ا

4.0 �(Introduction) 

4.1 ��(Objectives) 

4.2 � 
سىى ك�

ئ
 (Nucleus) ئ

 (Discovery) ��در 4.2.1

4.3 � 
سىى ك�

ئ
 (Structure of the Nucleus) �� � ئ

 (Nuclear Envelope) �ا� �� .1 4.3.1

 (Nuclear Pores) �رز �� .2 4.3.2

 (Nucleoplasm) �زم�� 4.3.3

ن  4.3.4
ٹ  (Chromatin and Chromosomes) �و��� اور �و�ى

4.3.5 ��� (Nucleolus) 

4.3.6 � 
سىى ك�

ئ
 (Functions of the Nucleus) ا�ل � ئ

4.4 �� � (Nuclear Membrane) 

4.4.1 �� � � �� (Structure of the Nuclear Membrane) 

 (Nuclear Pore Complex - NPC) � �ر �� 4.5

 (Structure of the Nuclear Pore Complex) �� � � �ر �� 4.5.1

ر� 4.5.2 ى
ئ

 :ا�ل � (NPC) � �ر �

 (Nucleoplasm) �زم�� 4.6
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4.7 ��� (Nucleolus) 

 (Learning Outcomes) �� ا�� 4.8

 (Keywords) ا�ظ ى� 4.9

 (Model Examination Questions) �ا�ت ا�� �� 4.10

��ر 4.10.2
ت
ت
خ
 (Short Answer Type Questions) �ا�ت �� � �ا�ت �

 (Long Answer Type Questions) �ا�ت �� � �ا�ت �� 4.10.3

4.11 �� (Glossary) 

 (Suggested Learning Materials) �اد ا�� �دہ �� 4.12

 

4.0 �(Introduction)  

� 
سىى ك�

ئ
 ���) Nucleus( ئ

ٹ ئ
  ں�� � � ) �Eukaryotic Cells( ت� �

ض
ى اور ا� عض ) �، Organelle( ہى

�و�  ا�ل � �� �) � �� �۔ Control Center (� ) � ��Command Hub� ��ِ �ول ( � �م �ر � �

)Growth� ،(م�� )Metabolism� ،(� )Reproduction� ت ( �) اور��Genetic Information� ( �  �

 �دار ادا �� �۔ � ى�� � �� �
سىى ك�

ئ
 ��� ��د� � ئ

ٹ ئ
 �� �و� ت� �

ٹ ئ
) Prokaryotic Cells( ت� �

وMembrane-bound Structureدار ڈ�� ( � �اد � ��، �ں � � �ز ��
ٹ ى

ئ
) Cytoplasm( �زم) � ��

 � �� �۔ �

� 
سىى ك�

ئ
� �� �  �م �ر � � ��۔  �% � �10 �� � � � � � �� � اور � ى� ��م �ر � �ل  ئ

 دو� ��  �� � � � �ر) � ذDouble-Membrane Structureدار �� ( � ىوا� �� � اور  � ��ا

)Nuclear Membrane   Nuclear Envelope( �ا� �� �)  Protectiveر�وٹ ( �� �ا � �) � �� �۔

Barrier�� ر � �م� � ( � � ،� 
سىى ك�

ئ
و ئ

ٹ ى
ئ

 � ��ار ر�) Integrity( �� �اد � �� اور � � ا� �� �زم� ��

 دو �ں ( �ا� ��۔ � د
ڈ
 � ) اور ا�رو�Outer Membrane( � و��—� ) � � ��Lipid Bilayersدو �پ

)Inner Membrane(—ا �� ) � �Narrow Space�� �ا � ( � � ��� ) �Perinuclear Space (
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ور و�ز��ا � و�� �� �۔ � ى
ٹ �  � �، � ا�رو� �� ى� �) � �� Endoplasmic Reticulum( ��ى

ااىى م ىى �  �) � �� �، � �Fibrous Protein Networkورك ( � دار �و� �ر �ا
ن
 ،) � �Nuclear Lamina( ن

 � اور � ) �ا� ��Structural Support�د ( � ��
سىى ك�

ئ
 �۔ � � ��ار ر� � ئ

پ�  �� �� ں�� �ا � � �� پ
��

ى �ر  ززى

پ�  ��۔  ��د� ) �Nuclear Pore Complexes( ك�� پ

��
ى  ززى


 ك��

 ) �Channels( � �ر �� �� � ں� دو�ں � ) �Multi-Protein Structuresڈ�� ( �و� �ے، �

 � � � �د
سىى ك�

ئ
و ئ

ٹ ى
ئ

ى ��  ن� در� �زماور �� ى ك ى ى ۔ �� � �د� � � �� � وو�ى ى ك ى  ا � وو�ى ر RNAاے ( �آر
زز  ى

ٹ
 �و� ،( 

)Proteins � ���اور را (�� )Ribosomal Subunitsاور  ،�ر� � �) ان �رز � ذر� � �  �� � �

 ��ل � �ن �� � رو� � �۔ ��دّوں � � ى�ور � دا� اور �رج � � � ��اد �� � ى� �� �ور

� 
سىى ك�

ئ
 � ئ  ا�ر،  اNucleoplasm( �زم�� (� �   � Semi-Fluid Matrix( �� ل� �ڑ�، �  (

ن 
ٹ  اChromatin( �و�ى (�   �Nucleolus( ��ور  �۔ ��  �  �   ��وں Nucleotides( ��ز�� �زم�) ،(

)Enzymesى ��  �) اور د ى ك ى ) Transcription( �) اور � �DNA Replicationاے � ( �ا ى� ��ر �� � � ڈ وو�ى

ن �� � ى�ور � �
ٹ ر �ا ىڈ ۔ �و�ى

زز  ى
ٹ

وون �و�
ٹ
ہسن دو  �) � �� � � �� � اور Histone Proteins( اے اور ہ

ن ���د �� �:  ا�م �
ٹ ��م ��  � �) �� � اور � �Euchromatin) �� � � ،(Less Condensed( �و�ى

ن �، اور �
ٹ �ل  � � � � �) �� � اور � �Tightly Packed�� ( دہ�)، � زHeterochromatin( �و�ى

ن 
ٹ �اد �  �� � � �) � � �� اور �ود �Gene Expression( �� ا�ر � �ك � � ر� �۔ �و�ى

 �۔ ��د د �� � �

� 
سىى ك�

ئ
�  ) �، � �ے ر� � �ڑ� �� �� � اور �Nucleolus( ��ڈ�� � �اور ا� ذ �� ا�ر ا ئ

��  ) �Assembly( ) اور ا�Ribosomes� ( �� )Synthesis�ر � را��� ( ىد� ����۔ � �ا �

اور را���  �و� ،�� � ) �rRNAاے ( �۔ را��� آر ا�� � ى�ور �� � � ا� �� �، � �و�

ر
زز  ى

ٹ
و ��رز � ذر �� ���  �۔ � � ��� ا�ر �� � �� را��� �  ��� �� �پ � �و�

ٹ ى
ئ

 �زم��

� ) �� � � �Translation� ۔� � � � �� � و�) اور 

� 
سىى ك�

ئ
گ را�ں ( ا�ل � ىد� � � �ف � ئ

خب
�

خب
) Signaling Pathwaysا� �دار ادا �� � � � سگ

�   �اب � � �  �  ،�  ��  � ���    ں�� ��  �۔ ��  ��  �   ڈ�� ��  �� )   �ن Stress�ؤ ،(
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)Damage�   اور  ( و�)  External Signalsا�روں �  (�   � �� �اب ،�  ��   ��ط �   ( رد� �  �Cell 

Cycle) اور ا��س �� � (Apoptosis � (� ۔� �� 

� 
سىى ك�

ئ
 � ئ �  �   ا�ل  اور  ڈ�� �� � )Cellular Organization�   اور (� )  ��Gene 

Regulation� ( ��ا� �۔ اس �ب � ا�� �� � �  ں، � � 
سىى ك�

ئ
 ،�ر � �� ،� �� � ا�اء � ئ

��  � �� �م �� � ا�اء � �ح � آ� �� �  �د � ��۔ �  �� �ر � � � ��اور � �زم��

��ت �  �� � اے اور �و� �اے � آر ا �ا ى� ��ار ر� � � اور ڈ )Cellular Homeostasis�ازن ( ��

 � �۔ ��ؤ � �ل �

4.1 ��(Objectives) 

 اس �ب � �� �� � �، �� � اب و�� �ے �:

 � 
سىى ك�

ئ
 �Nucleus( ئ ( )   ا�اء �  �   اس  اور ��Components�  ( �� � )Nuclear 

Membrane�  ،(� �   �Nuclear Pore Complex( �ر  �Nucleoplasm( �زم�)،  اور ،(�� 

)Nucleolus� ( �۔ 

 �� � )Nuclear Membrane�  ( � �   �ل  ا�ل �   اس  � � اور  اور ااىى م ىى �  ���
ن
 Nuclear( ن

Lamina� ( �۔ا 

 �� � ر� )Nuclear Pore Complex� ( � اور ��� ) � اد � � و�Transport� (  � اس

 �دار۔

 ��زم� )Nucleoplasm� ( � اور ��� ) اد�Genetic Material� ( � � اس � �دار۔ 

 ��� )Nucleolus�� ،اور را��� ( ت،) � ا�لRibosomes� ( �� � � ۔ا� اس 

 

س 4.2
ئ
 (Nucleus) �ك�ئىئ

س ���� �ں
ئ
تىل (Eukaryotic Cells) �ك�ئىئ

ن
� � � �  (Organelle) � �� �� وا� ا� �� ا� آرگت

�  (DNA) � ڈى ا� اے (Genetic Material) �� �۔ � � � �� �اد (Control Center) �ول �



86 
 
 

 

 

اور � �  (Reproduction) ، ��(Metabolism) ، ���م(Growth) �ظ ر� � اور ا� ��� �ا� � �و�

س � � ا�ل � ��ار ر� � �دى �دا (Gene Expression) ا�ر
ئ
ر ادا �� �، �� � �و� � � �� �۔ �ك�ئىئ

�� � (Protein Synthesis) � � � اور � �� � � (Cell Division)  �دوران �� ��ت � در �

 �ل اور � � � �� �۔

س �م �ر � �ل � �ى
ئ
ر� � �� � اور � � � � �� (Oval) �ك�ئىئ

ز
ى�ر نزن


� �  (Organelles) ں آرگ

و�زم 10ا� �، � � �� � � �� 
ٹ ى

ئ
 (Nuclear Envelope) � �� ا�� (Cytoplasm) � �� �۔ � ��

  �۔� ��ار ر� � اور �اد � � �د� � � �� (Integrity) � ذر� ا� �� �، � اس � ��

 (Discovery) در�� 4.2.1

س � � � � 
ئ
� ��ہ �، � ا�  (Antonie van Leeuwenhoek) � ڈچ ��ان ا�� وان �ن � 1674�ك�ئىئ

 �رد�  �  (Simple Microscope) �دہ ��  �  س
ئ
 �ك�ئىئ ،��   �۔  ر� �  ��  �   �ں ��  ��   ا�ل �

� ا�ر ا�  (Plant Cells) � � �، �ں � �دوں � �ں (Robert Brown) � را�ٹ �اؤن 1831و�� 

س � � ا� �ورى  (Distinct Structure) �ص ��
ئ
س � �� �۔ ا�ں � �� � � �ك�ئىئ

ئ
� �ر � �ك�ئىئ

 � � � اس � ���ں � ا� ا�از �� �۔

ڈڈن (Theodor Schwann) � ازاں، �ڈور �آن

ىڈ �ت

ش
ىااس س ھت

ت
ىى س � � �رى (Matthias Schleiden) اور مت

ئ
 � �ك�ئىئ

(Cell Theory) ) � �� �1838–1839 ��س � � �و� اور ار�ء � ا� �دار ادا �� �۔ ا
ئ
) اور �ن � � �ك�ئىئ

گاور �� �ى � آ� 
ف
ى�ئ �  (Walter Sutton) اور وا� � (Walther Flemming) �، ��ا�ں � وا� ف�ئ

س � ورا�
ئ
� �دار � �� � د�، � �  (Chromosome Behavior) اور �و��م � رو� (Heredity) �ك�ئىئ

س � � � اور �� ورا�
ئ
 � �دى � ر� �۔ (Genetic Inheritance) � �� �� � �ك�ئىئ
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 (Antonie van Leeuwenhoek) �: ا�� وان �ن �

ىاات دان ئ
خ
 Father) "�، � ا� "�د ��ت � �� (Microscopist) ا�� وان �ن � ا� ڈچ ��ان اور �ردئبئىئ

of Microbiology) ا� �ر � �� � �ر � �� �� �۔ ا�ں � (High-Quality Lenses)  رى � �ت� �

 Red) اور �خ �ن � �ت (Protozoa) ، �و�زوا(Bacteria) �ا �، � � �و� ا�ں � � �� ��

Blood Cells)  � �اور � ر�رڈ � �رد ��ت� ��ہ اور �ن �۔ ان � �ر� � � � �� وا� ��ا 

(Microbiology) اور �� ��ت (Cell Biology) ا�ا� � � ��ں �دار ادا �۔ � 

س � �� 4.3
ئ
 (Structure of the Nucleus) �ك�ئىئ

س
ئ
� � �� �  (Genetic Material) � ا� ا�اء � � �� � � � � �� �اد (Nucleus) �ك�ئىئ

، (Nucleoplasm) ، ���زم(Nuclear Envelope) اور � � �ا� � �ول �� �۔ ان ا�اء � �� ا��

ن 
ٹ  �� �۔ (Nuclear Pores) اور �� �رز (Nucleolus) ، ���(Chromatin) �و�ى

 (Nuclear Envelope) �� ا�� .1 4.3.1

ب�ر�  �ئىم� ��  �   ا��، �� (Nuclear Membrane) �   وا� �   دو  ا� ،�  ��  �  � (Double-
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Layered Membrane) و�زم
ٹ ى

ئ
س � �ے �� � اور ا� ��

ئ
� ا� �� �۔ �و�  (Cytoplasm) � � �ك�ئىئ

� (Outer Membrane) �ىوو ىكن ن
ٹ
� �� � ر� �، �  (Endoplasmic Reticulum, ER) ا�و�� رنىن

اا (Inner Membrane) ا�رو� �
ن
�� �� � � �� � � ا� �را �ا� ��  (Nuclear Lamina) �� �ئىمئىئ

ى  و�زم � در�ن ��ئ
ٹ ى

ئ
س اور ��

ئ
ىوو� � �د� � � �� � ا� �دار ادا �� �۔ �� ا�� �� �اد � � اور �ك�ئىئ كب

 �۔

 (Nuclear Pores) �� �رز .2 4.3.2

ر (Nuclear Pores) �� ا�� � �� �رز
ز
ىك�� پ�ب � اور  (Protein Complexes) ��د �� �، � �ے �و� ��ب

ر(RNA) آر ا� اے
زز  ى

ٹ
ىوو� � ا�� � و  (Ribosomal Subunits) � ��اور را���  (Proteins) ، �و� ىكب � ��ب

� (Selective Transport) ت��   �ے  �ورى �  �  ��  �  �   �ت  اس  �رز �   �۔  د�  ا�زت � 

(Macromolecules) �� � س
ئ
س � دا� اور �رج �ں، � �ك�ئىئ

ئ
 ۔��ار ر� (Integrity) �ك�ئىئ

 (Nucleoplasm) ���زم 4.3.3

س �  (Gel-Like Substance) � � �� �، ا� � � �دہ (Nuclear Sap) ���زم، � �� �
ئ
� � �ك�ئىئ

ىوو� � �� � � ا� �� �ا� �� � اور ڈى ا� اے � ىكب اور  (DNA Replication) ا�رو� � � � د� �۔ � ��ب

�  (Nucleotides) اور ����ز (Ions) ، آ�(Enzymes) � � �ورى ��ے (Transcription) �ا��

 � �� �۔

 اور �و��� 4.3.4 ز
ٹ  (Chromatin and Chromosomes) �و�ى

س � ا�ر �� �اد
ئ
ن  (Genetic Material) �ك�ئىئ

ٹ  � ڈى ا� اے � �رت (Chromatin) �و�ى ،� �� �� � 

(DNA) ر
زز  ى

ٹ
وون �و�

ٹ
ہسن  � دو ا�م � (Histone Proteins) اور ہ ن

ٹ  :� � �� �۔ �و�ى

ن  •
ٹ ن  - (Euchromatin) ��و�ى

ٹ  �و�ى  �ا ��   ڈ�  � (Loosely Packed Chromatin) ا�  �ل � 

(Actively Transcribed Genes)  �� � �اور � � ا�ر � (Gene Expression)  �ا�زت د �

 �۔

ن  •
ٹ خ  - (Heterochromatin) �و�و�ى

ٹ � �  (Tightly Packed Chromatin) ا� � �� �ا �و�ى

 � � �� �۔ (Genes Not Being Expressed) � � �� �ہ � (Inactive Genes) �ل �
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� � � (Cell Division) ���و�  ز
ٹ � � ا�ر � � �، � �� �اد �  (Chromosomes) � دوران �و�ى

 �ڑے) � � �� �۔ 23�و��� ( 46در� � � � �� �۔ ا�� �ت �م �ر � 

4.3.5 ��� (Nucleolus) 

س � ا�ر ��د �� �۔ � را��� آر  (Dense, Spherical Structure) ��� ا� �، �ل ��
ئ
� � �ك�ئىئ

� � �� � �م �۔  (Ribosomal Subunits) اور را��� � �� (Synthesis) � �� (rRNA) ا� اے

و�زم � � �� �، �ں � �ل را���
ٹ ى

ئ
�� � � �� � � (Functional Ribosomes)  �� � � � ��

��   �و� �  ،� (Protein Synthesis) �و�  �  �  ���   �۔ ��  ��  � (Cell Growth)  �و�  اور

 � ا� �دار ادا �� �۔ (Protein Production) �اوار

س � ا�ل 4.3.6
ئ
 (Functions of the Nucleus) �ك�ئىئ

س � � �
ئ
� � �� ا� � اور � ��� ���ں � �دار ادا  (Function) اور �� (Cell Survival) �ك�ئىئ

 �� �۔

1. �   اور  ذ�ہ �   ��ت �� (Genetic Information Storage and Transmission) 

س �� �اد
ئ
� � �و�، �� اور �� � � �ورى �ا�ت � �ظ ر� �۔ � � �� �، �  (DNA) �ك�ئىئ

 Cell) اور �� � (DNA Replication) �� ��ت � ا� � � دو�ى � � ڈى ا� اے � �

Division) ذر� � �� �۔ � 

2. ��   �و�  اور  ا�ر �  � (Gene Expression and Protein Synthesis) 

س � � ا�ر � �ول �� �، � � �� � � � �ص و� � �ن � � "آن" � "آف" �ں۔ 
ئ
�ك�ئىئ

�جرر آر ا� اے (Transcription) �ا��
ن
ىسى من

� �� �� �، �  (mRNA) � � � دوران ڈى ا� اے 

و�زم � �و� � �� � �� �۔ (Nuclear Pores) �� �رز
ٹ ى

ئ
 � �رج � � ��

3. ��  �  ��   اور  �و� �� (Regulation of Cell Growth and Differentiation) 

س � � ��
ئ
� ر�� �� �، � �  (Cell Differentiation) �� � � ا�ر � �ول �� �ك�ئىئ

ااء (Tissues) �ں�
ض
 � � �ص �ت � � � � �� �۔ (Organs) اور اعض
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4. �� � � �� (Cell Cycle Regulation) 

س �� �
ئ
 ,Interphase) � � �� �، � � � � � � � �ا� (Cell Cycle) �ك�ئىئ

Mitosis, Cytokinesis)  ول �ا��� �۔� � (Checkpoints) � �� �� � � � �� �ا� 

(Uncontrolled Cell Division) رو� �۔ � 

 (DNA Repair and Maintenance) ڈى ا� اے � �� اور � .5

س � ��د ڈى ا� اے � �� � �ص ��م
ئ
� �ا� � ��� (DNA Repair Mechanisms) �ك�ئىئ

ڈ� �ؤ (Chemicals) ، �(UV Radiation) � وى ��
ٹ
� �� وا�  (Oxidative Stress) اور آ�ى

 ��ت � �� �اد � �� �� �۔

 
س � � ڈ��

ئ
 �: � � �ك�ئىئ

� � �ن �� �۔ �� ا�� � ا�رو� اور �و�  � �ول � (Eukaryotic Cells) � �� ���� �ت

� (Inner and Outer Membrane) �ا  ���   در�ن �  �  ،�  �� (Perinuclear Space)  اور  �

ز  (Nuclear Pores) �� �رز
ٹ � � �،  (Heterochromatin اور Euchromatin) ��د �۔ ���زم �و�ى

��� � (Nucleolus) را��� آر ا� اے (rRNA) �اور را��م ا �� � (Ribosome Assembly)  �

 �م �۔
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4.4 � �� (Nuclear Membrane) 

��  ��  �  ،�  �� (Nuclear Envelope)   ،�  ��  �  �19   در�� �   �ى  �رد�و� �  �� 

(Microscopy) ا�ں � �� ��ں�� � �� � (Cell Structures)  ا�زت دى۔ � �� �� � � �� �

ىس ئ
ئ
س � �د  (Robert Brown) را�ٹ �اؤن�  1831� در�� � �ا  (Nucleus) ا�� �ك�ئ

ئ
� � �، � �ك�ئىئ

و� �ى � آ� � �� وا� �ا � ��ر �رد�ں � �د � اس � ��ہ � 20و� اور 19� � �ر ��د ا� �ہ 

 �ا۔

� �رف � ��، ��ا�ں � �� ��  (Electron Microscope) � د�� � ا�ان �رد� 1950اور  1940

� در��  (Nuclear Pores) � ��ہ �۔ � � �� �راخ (Double-Membrane Structure) � ڈ� �

س اور ���زم
ئ
� در�ن �اد � �د� � � �� �۔ � � �� ��ت � ��  (Cytoplasm) � � �ك�ئىئ

س � ��� � (Functional Significance) � � �� اور � ا�
ئ
�  (Integrity) � �، � � � �ك�ئىئ

 � � �� �۔ (Selective Transport) ��ار ر� اور � � و �

 
 (Portrait of Robert Brown) �: را�ٹ �اؤن � �ر��

ا� ��ات � � �ر �۔ � �  (Scottish Botanist) ا� �� ��ت دان (1858–1773) را�ٹ �اؤن

� ��و ا�� ذرات � ��� ��  (Fluid) � ��ہ �، � �ل (Brownian Motion) �اؤ� ��ا�ں � 
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اور �رد� �  (Plant Science) � �� � اور ��� �� (Cell Nucleus) � �� ��ہ 1831�۔ ا�ں � 

 �ان � ا� �دار ادا �۔

4.4.1 �� � � �� (Structure of the Nuclear Membrane) 

س � �ے �� � اور ا�  (Double-Layered Structure) �� � ا� دو �ں وا� ��
ئ
� � �ك�ئىئ

د �ں
ٹ
اور  (Inner Membrane) � �� �: ا�رو� ��  (Lipid Bilayers) ���زم � ا� �� �۔ � دو �پ

�ى �� �� � �  (Intermembrane Space) ، اور ان � در�ن ا� در�� �(Outer Membrane) �و� �

، � �و� � �� �� � (Nuclear Pores) � �۔ �� � � �� �راخ (Perinuclear Space) ا�

ىوو� (Protein Complexes) �ہ �� ىكى � � و �� � � �� �۔ �  (Macromolecules) � اور �و ��ى

و� ى
ٹ ر (Endoplasmic Reticulum) � ا�و�� ر�ى

ز
ى�ر ئ

ز
س اور د� آرگئ

ئ
 (Organelles) � � �� �، � �ك�ئىئ

 �� �ا� �� �۔� در�ن را� � 

 (Outer Nuclear Membrane) �و� �� � .1

و� • ى
ٹ  ر�ى  ا�و��  رُوف ،�   �  (Rough Endoplasmic Reticulum - RER) �و� ��  �

 ��د �� �۔ (Ribosomes) �� � اور اس � � � را���

 � � � ا�اج (Protein Synthesis) � � �و� �� • ر
خخ  ى

ٹ
 � �د �ا� �� �، �ص �ر � ان �و�

(Secretion) ۔� �� �� � � �� �� � � � 

نن  •
ٹ
ىلئ س � � اور �م � ��ار ر�  (Cytoskeleton) �و� � ��سكئ

ئ
� �� � �� �� �، � �ك�ئىئ

 د� �۔ � �د

 

 (Inner Nuclear Membrane) ا�رو� �� � .2

 � �م � �ر �و� � �ل � �ى �� �۔ (Nuclear Lamina) ا�رو� � �� �� •

ر •
زز  ى

ٹ
ىكل �رٹ �ا�  (Lamin Proteins) �� �� � �و� ئف


ئ �� � اور � � �� �، � �� �� � مكئى

ن 
ٹ  � � �� �۔ (Chromatin) �و�ى

 ا�ازى • �  خ ٹ  �و�ى �   �ں ��  �  �  ��  ��  �  ر
خخ  ى

ٹ
 �و�  اور �رز

ٹ ىسئىئپ�  رئ  �ص  ا� �  �   ا�رو�
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(Chromatin Anchoring)�   اے  ا�  ڈى ، (DNA Replication)�  �  �   اور ، (Gene 

Regulation) � �۔� �� � 

 (Perinuclear Space) �ى �� ا� .3

�ر� •
ٹ ىس�  سئ ��   �ى �   ا�، ��   �و�  (Perinuclear Cisternae) �ى  اور  ا�رو� ،�  ��  �  �

 �ں � در�ن � � �۔

و� � ���� �� � اور � ا�و��  40-20اس � �ڑا� ��  • ى
ٹ � �� � ��  (Lumen) ر�ى

 �۔

ڈڈز •

ر � �د� � � �� �۔ (Lipids) � را� �پ

زز  ى
ٹ

 اور �و�

 (Nuclear Pores) �� �راخ .4

 � �ے �و� �� � اور دو�ں �ں � �ر� �۔ � � � �� � � � � ا� �� �� �راخ �،

 (Nuclear Pore Complex - NPC) �� �ر �� � �� �، �  (Nucleoporins) �راخ �د ��ر�

 � د� �۔

 �� �راخ �ت � � اور ان � ا�ل � �ظ � � �اد � �� �۔ •

 � �را�ں � �اد ز�دہ �� �۔�ل � � ��� �ر � �ل �ت  •

 (Functions of the Nuclear Membrane) �� � � ا�ل .5

 :(Protection of Genetic Material) �� �اد � � .1

o ڈى ا� اے � ���زم � ���� د�ؤ (Environmental Stress) اور �ن دہ ا�ا� � �� �۔ 

 :(Selective Transport) � و ��  .2

o آر ا� اے  �جرر
ن
ىسى من

 (mRNA)�� � ���را ، (Ribosomal Subunits)اور �ا� آر ا� اے ، 

(tRNA) س � �� � �� �۔
ئ
 � �ك�ئىئ

o س � دا� �� � ا�زت د� �۔
ئ
ر، ����ز، اور ا�ا� � �ك�ئىئ

خخ  ى
ٹ

 �و�

و� � �� �ا�و�� ر .3 ى
ٹ  :(Connection with ER) �ى

o د ���م � �د �ا� �� �۔
ٹ
 �و� �� اور �پ
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 :(Regulation of Gene Expression) � � ا�ر � �� .4

o ا�م � ذر� �ص � � �ل � � �ل ر� �۔ �  خ
ٹ  �و�ى

5. �� � � �� (Involvement in Cell Division): 

o �� (Mitosis) ��� اور (Meiosis) دوران �� �� �ٹ � دو�رہ � �۔ � 

 :(DNA Repair and Maintenance) ڈى ا� اے �� اور د� �ل .6

o �ا�ا �� � � �� (Repair Enzymes)  � ۔��د �� � � ڈى ا� اے � �ن� �� 

 
 

 :��� �� (Nuclear Envelope) 

�� �� (Nuclear Envelope) � �ا� �و (Outer Membrane) � �اور ا� ا�رو (Inner Membrane) 

�  (Nuclear Pores) � �ا �� � اور �� �رز (Perinuclear Space) � � �� �، � �ى �� ا�

ىس ئ
ئ
و�زم (Nucleus) ذر� � دار �� �، � �ك�ئ

ٹ ى
ئ

� در�ن �اد � �� �د� � آ�ن  (Cytoplasm) اور ��

 ���زم  ا�ر، �  ىس ئ
ئ
 �ك�ئ  �۔ �� (Nucleoplasm) اے   ا� ن  (DNA) ڈى

ٹ  �و�ى �  ،�  ��  �  � 

(Chromatin) �  ����   �۔ ��  (Nucleolus)اے   ا�  آر  را��� ،�  ��  ��  �   ا� �  ىس ئ
ئ
 �ك�ئ �  ، 

(rRNA) �� � (Synthesis) اور را��م (Ribosome) �ىوو ىكئ ئ
ٹ
 � �رى � �� �� �۔ را��م، رف ا�و�� رئىئ

(Rough Endoplasmic Reticulum - RER) �� � �  � �و� �� � � �ا �� � اور �و� � ،�

�� (Protein Synthesis) ا� �دار ادا �� �۔ � 

 



95 
 
 

 

 

 (Nuclear Pore Complex - NPC) �� �ر � 4.5

�    (NPC) �� �ر  �ہ  � � �� �� � �ا�  �و� ڈ�� �� ىس اور ا� �ا ئ
ئ
 �ك�ئ  � اور ��

ىوو� � �د� � � �� �۔ � �دى دا� را� � � �� � و � ىكئ و�زم � در�ن ��ئ
ٹ ى

ئ
�� (Selective Transport) 

و�� ��ل � ا� ر� �۔
ٹ ى

ئ
 � � �� � � �� اور ��

 (Structure of the Nuclear Pore Complex) �� �ر � � �� 4.5.1

NPC س�  ىوو� ىكب  ��ب  �ہ �  �  �  ،�   ا� �  �  ر
خ
ىك�� پ�ب  ��ب ىوو� ىكب  ��ب  �و  �ے �  �  �  � (Molecular 

Mass) �� (Vertebrates)  �120 �ڈا � (MDa) �۔ � � ��ر� (Nucleoporins - Nups)  � �

�  NPC ڈ�� �� � � ا�رو� اور �و� �� �ں � �ڑ� �۔ (Octagonal) ، � ا� ��، آ� ��� �

 :درج ذ� �ص ا�اء �� �

و�� اور �� ر� .1
ٹ ى

ئ
�� (Cytoplasmic and Nuclear Rings) 

o �و�� ر
ٹ ى

ئ
�� (Cytoplasmic Ring): و�ز

ٹ ى
ئ

 م � �ف �� �۔� ��

o �ر �� (Nuclear Ring): زم � �ف �� �۔��� � 

o �دو�ں ر � NPC ا�م �ا� �� �۔ � �� �� � 

 (Central Transport Channel) ��ى � و � � .2

o NPC �  �   و �   ا� �  ��  � (Transport Channel)   ،�  ��� FG-�ر�� 

(Phenylalanine-Glycine Nucleoporins - FG-Nups) ا �� �۔� � 

o و � � � �� � �د د� �۔ � �� � 

o  � 10-9اس � �م nm  � � �ىوو ىكب  � � � �۔ nm 50�� �، � � �ے ��ب

 (Spokes and Scaffold Structure) ا�� اور ا��� ڈ�� .3

o ا�ك � ڈ�� ا�رو� اور �و� ر� � �ڑ� � اور NPC ىكل ا�م �ا� �� �۔ ت
فت
 � مكتى

4. �� �� (Nuclear Basket) 

o  �اور آر ا �  خ
ٹ اے �و� � �� �� ا� ر� دار ��ار �� �� � � ���زم � �و�ى

 �د �ا� �� �۔
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و�� �� .5
ٹ ى

ئ
�� (Cytoplasmic Filaments) 

o �� � �و�زم � � � اور �ر
ٹ ى

ئ
�� �� � (Cargo Recognition) د د� �۔� � 

 

 
ر �ر � :� ى

ئ
�� �� � (NPC) �� ر ى

ئ
�� � ،� �� �� � (nuclear envelope)  �ا �ا ا� �ا �و� �

و�زم (nucleus) �� � اور ��س
ٹ ى

ئ
ىوو� � � و � � � �� �۔ (cytoplasm) اور �� ىكت  � در�ن ��ت

ر �ں ى
ئ

ر �� �� � (outer and inner nuclear membranes) �و� اور ا�رو� �� ى
ئ

�� � �� � ، NPC 

و�ز� ���
ٹ ى

ئ
و�زم � � � �� �ر� (cytoplasmic fibrils) دو�ں �ں � �ر �� �۔��

ٹ ى
ئ

�� (cargo)  �

ىفوو�  :FG-Nups) ��ر�-� ��د ا� � (central scaffold) �� � آ�ن �� � �۔��ى اسكب

phenylalanine-glycine nucleoporins)  ىوو� آ� و ر� � ا�زت ىكب ا� � ر�وٹ �ا �� �، � �ول �ہ ��ب

ر �� ى
ئ

� �د د�  (transport regulation) �ا�رٹ ر�� (nuclear basket) د� �۔��س � ��، ��

 protein) ، اور �و� � درآ�(RNA export) � ا�اج RNA، (gene expression) � � ا�ر NPC�۔

import) ا� ا� �دار ادا �� �۔ � 
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ر �ر � 4.5.2 ى
ئ

�� (NPC) ا�ل �: 

NPC ر ى
ئ

 �ا�رٹ-�� و�ز�
ٹ ى

ئ
�� (nucleocytoplasmic transport)  اور  ر ى

ئ
��  �  ،�   د�  �د �   ر�  ��ار �

و�زم � در�ن 
ٹ ى

ئ
ىوو��� ىكى  � �ول �ہ �د� � � �� �۔ (macromolecules) �و��ى

ىوو� � � � و � .1 ىكب  (Selective Transport of Macromolecules) �و��ب

NPC � ،� ىوو� � ���ہ � و � � ذ� دار ىكب  :� �و��ب

• mRNA  ،tRNA�� � ���را   اور ، (ribosomal subunits)  �� و�زم � �رج
ٹ ى

ئ
� ��س � ��

 �۔

وو�، (transcription factors) �ا�� �ز •
ٹ
ہسن ر ، اور (histones) ہ

زز  ى
ٹ

 (ribosomal proteins) را��� �و�

 � ��س � دا� �� �۔

ىوو� (gene regulation) � ر�� • ىكن گ ��ن
زن
�

زن
 (signaling molecules) � �� سگ

�رز •
ٹ ىسئىئپ�  �ا�رٹ رئ ر ى

ئ
�� � � (nuclear transport receptors)  � ر

زز  ٹ
ر (importins) ا�ر�

زز  ٹ
 اور ا�ر�

(exportins) �ىوو ىكت � �� � اور ان � � و � �  (cargo molecules) � ذر� � �� �، � �ر� ��ت

 �� �۔

ىوو� � � �ل � و � .2 ىكن  (Passive Diffusion of Small Molecules) �� ��ن

ىوو� � � ��م � و � ىكب ىوو� اور  kDa 40�ورى �، و�  (active transport) �ں �ے ��ب ىكٹ � � � �� ��ٹ

 �ر � �۔� � ��، آ�، اور �� � ذر� (passive diffusion) � ذر� � �ل �ؤ NPC (ions) آ�

���� (metabolites) ر ى
ئ

و�ز� �ازن-� آزاد �د� � � �� �، � � ��
ٹ ى

ئ
�� (nuclear-cytoplasmic 

equilibrium) ار ر� �۔�� 

3. mRNA اور را��� � �� � ا�اج (mRNA and Ribosomal Subunit Export) 

و�زم  (processing) �و� mRNA � � �� �، � (transcription) �ا��� 
ٹ ى

ئ
� � ��س � ��

 ��� (translation)   ىس �  (ribosomal subunits) را��� � ��� � �رج �� �۔ا� �ح، ئ
ئ
�ك�ئ

ىوو ىك�ن ن
ن
ر NPC �� � اور (assemble) � ا�ر ا� (nucleolus) �ن

ذ
ى�� ھب

ت
ىى بذب


س

 �و�  �� �  ے
ت
ك�ب

ذب
 � ذر� �� 

(protein synthesis) ۔� � � � 
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ر � درآ� .4
زز  ى

ٹ
ر �و� ى

ئ
�� (Nuclear Protein Import) 

DNA �  � (DNA replication)   (transcription) �ا��،  اور  آر���، ز ٹ  chromatin) �و�ى

organization)   ر
زز  ى

ٹ
 �و�  �۔� ��  �  �   ��س �  ر

زز  ى
ٹ

 �و�  �ورى �  ��  ����  ر ى
ئ

�� (NLS: Nuclear 

Localization Signal)  � ،� �ر ر
زز  ٹ
 � ذر� ��س � �� �۔ NPC �ن � (importins) ا�ر�

 (Regulation of Gene Expression) ا�ر � �� � � .5

NPC  ن
ٹ ر اور د�  (transcription factors) �ا�� �ز� �� �� � اور  (chromatin) �و�ى

زز  ى
ٹ

 ر��ى �و�

(regulatory proteins)  ىوو� � ��س � � �� � �ول �� �۔� � اس �ت � � �� � � �ف �ورى ىكن ��ن

 دا� اور �رج � �، اور � �ورى � � �ل �� � رو� � �۔

 (Response to Cellular Stress) �� د�ؤ � رد� � �دار .6

  (viral infections) وا�س � ا��  (stress) د�ؤ�ت �  ر NPC� �رت �، ى
ئ

و�ز-��
ٹ ى

ئ
� �ا�رٹ � ��

 �۔ �   رو� �  ��   دا� �   ��س �  ىوو� ىكت  ��ت  دہ  �ن ��  �  �  �   �ود

ر �� � دا� �� NPC� وا�س، ��،  ى
ئ

 � �۔ (replication) �� �� ا� � � �� وہ ا�  � ذر� ��

ز�� اور � ��ار ر� � �د د� �، � � � �  �� رد�، اور � � ا�ر � ��، � � �ل � ا�ل� �را �م 

 � � � �ورى �۔ (cell survival) �ء

 (Nucleoplasm) ���زم 4.6

ىس � ا�ر �� �� وا� � � � �� �،  (Karyoplasm) � �ر��زم (Nuclear Sap) ���زم، � �� � ئ
ئ
�ك�ئ

و � � آ�ن �� �ل �دہ �� �۔ اس � �دى �دار �� ڈ��ں � �را د�، �� � رد� � ��، اور �� �اد � � 

 �۔

 :ا�اء

 آ� .1  اور �� (Water and Ions):   ��   �80���زم ��  % ���  �   اس  �۔ ��  � (K⁺)�ڈ�  ، 

(Na⁺)� ، (Ca²⁺) � اور (Mg²⁺) آ� � �� �� �۔ � 

2. �� �� (Nuclear Matrix): ا� ��س �و� ڈ�� � �� � اور � � ��ار ر� �۔ 

ن  .3
ٹ   :(Chromatin) �و�ى
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o  ن
ٹ  � � � اور �ل ڈى ا� اے �� �۔ :(Euchromatin) ��و�ى

o  ن
ٹ  � � اور � �ل ڈى ا� اے �� �۔ :(Heterochromatin) �و�و�ى

ڈى ا� اے اور آر ا� اے � �� � ا�ل ��  :(Nucleotides and Enzymes) ����ز اور ا�ا� .4

 �۔

5. ��� (Nucleolus): �اےرا   ا�  آر �� (rRNA) ا�ع  �  ��  �  �   را��م  اور  �رى � 

(Assembly) د �� �۔� � 

بل �ڈ� .6  �ج  اور ر
ز
ىك�ر � آر ا� اے �و� � �دار ادا  :(Nuclear Speckles and Cajal Bodies) �� اسئپئ

 �� �۔

4.7 ��� (Nucleolus) 

ىس � �� �� �۔ � � � � � �� � را��� آر ا� اے��� ا� �، �وى  ئ
ئ
 (rRNA) �� �� � � �ك�ئ

 � �� اور را��م � �� � ا�ع � ا� �دار ادا �� �۔

��: 

ر� � .1 ب
ف

� (Fibrillar Center - FC): ں� rRNA وا� �� � اور � RNA �ىىم�ر�� I �ذر � rRNA 

 � �� � �� �۔

ر� �� .2 ب
ف

� �و� اور � �� ��  rRNA �ں :(Dense Fibrillar Component - DFC) ڈ� �

 �۔

 �ں را��م � �� � �۔ :(Granular Component - GC) �ا�� �� .3

��: 

1. rRNA  ئىسس� �� اور را��م
ن
ئ  ���ب

2. � � � � � (Cell Cycle Regulation) د� � 

 اور ڈى ا� اے �ن � �اب � رد� (Stress) �ؤ .3

 � �دار (Cellular Aging) � � � ر�� .4
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�� �ؤ � رد�، اور � � ��� � � � ا� �دى �� �، � � �ف را��م � � � � � � ا�ر، 

 �� ��ں � � �ى �دار ادا �� �۔

 
 

� (Figure): ��� (Nucleolus) ىس ئ
ئ
 dense, spherical) � ا�ر ا� � اور �وى ڈ�� (nucleus) �ك�ئ

structure)  را����، �ں RNA (rRNA) �� � (synthesis)  را��� � ��اور (ribosome 

subunit assembly) � �  ���وو�زم�� �۔
ئ
 � ��ر �ك�ئ ز

ٹ  (chromatin-rich nucleoplasm) �و�ى

ر ��� ��د �� � اور  ى
ئ

�� (nuclear envelope)  � ،� �� ر �رزاس � �د ��د ى
ئ

�� (nuclear pores)  �

ىوو� �د�ذر�  ىكب ىوو�� � �� �۔ (selective molecular exchange) � ��ب ىكن ن
ٹ
 Endoplasmic) ا�و�� رنىن

Reticulum - ER) � ،� ر ى
ئ

 را���� �� �ا �� �،  (outer nuclear membrane) �و� ��

(ribosomes)  � و� � ��� ڈ� �� �، � اس� (protein synthesis) ۔ � �دار� �� �� � 

 

  (Learning Outcomes) �� ا�� 4.8

 � �� �� � � �� � اب و�� �ے �: ا�� اس 

  � � � �� �� �اس �ب � �� � �، �ء درج ذ: 

 ىس ئ
ئ
، �� �ر (Nuclear Envelope) � � �، �ل �� �� ڈ�� اور ا�اء � �ن  (Nucleus) �ك�ئ

� (Nuclear Pore Complex)زم�� ، (Nucleoplasm)��� اور ، (Nucleolus)۔ 
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 �   �ر �� (NPC) �   و �   �����ز� �   اس  اور �  �  �  �  ��  � 

(Nucleocytoplasmic Transport) دار � و�� � � �۔� � 

 زم�� (Nucleoplasm) ا�ر  �  �  �   �ر  �ص ،�  �  �   و�� �   ا�ل  اور  ا�اء � (Gene 

Expression) �اور آر ا� اے �و (RNA Processing) ۔� � � 

 ��� (Nucleolus) � ن � � �، �ل � �� � اور اس � ا�ل� rRNA �اور را��م ا �� 

(Ribosome Assembly)۔ 

 

 (Keywords) �ى ا�ظ 4.9

، ��� اور د� �� ا�اء �  ىنز ئ
ٹ
ىس � ا�ر ��د � �� �دہ � �ومئىئ ئ

ئ
�ك�ئ

 �را د� �۔
Nucleoplasm زم�� 

ىس � ا�ر ��د ا� �ن ئ
ئ
�� اور  rRNA اور �وى �� � �ك�ئ

 را��م ا� � � ذ� دار �� �۔
Nucleolus ��� 

ىس � �د دو�ى � � �� �اد � ���زم � ا� �� �۔ ئ
ئ
 �� � Nuclear Envelope �ك�ئ

ىوو� � ىكئ ىس � � � ��د �و� ڈ�� � ��ئ ئ
ئ
 آ� و ر� � �ول �� �ك�ئ

 �۔

Nuclear Pore Complex 

(NPC) 

�� �ر 

� 

ر � �� � �� �اد � � 
زز  ى

ٹ
ىس � ا�ر ��د ڈى ا� اے اور �و� ئ

ئ
�ك�ئ

 د� �۔
Chromatin  ىنن ن

ٹ
 �ومنىن
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  (Model Examination Questions)�� ا�� �ا�ت  4.10

  (Objective Answer Type Questions) �� � � �� /�� �ا�ت� �ا�ت �  4.10.1

ر � �� � � �� �؟ .1
خخ  ى

ٹ
س � �ن � �� ڈى ا� اے اور �و�

ئ
 �ك�ئىئ

a) زم�� (Nucleoplasm)       b) � �� (Nuclear Envelope) 

c)  ىنن ن
ٹ
 d) ��� (Nucleolus)       (Chromatin) �ومنىن

 � �دى �م � �؟ (Nuclear Pore Complex) �� �ر � .2

a) �� � ڈى ا� اے         b) � � را��م 

c) �ىوو� � �د ىكب ڈڈ �� (d          ��ب

پ

ئ
�� 

3. � �� (Nuclear Envelope) اد � �� �؟� � 

a) �ا            b) دو 

c) �            d) ر� 

4. ��� (Nucleolus) دى � � �؟� � 

a) �� � ڈى ا� اے         b) �� � �و� 

c) rRNA �اور را��م ا �� �     d) �� ڈڈ

پ

ئ
�� 

س � � �� �اد � �� �؟ .5
ئ
 �ك�ئىئ

a) زم��� (Cytoplasm)      b) زم�� (Nucleoplasm) 

c)  ىنن ن
ٹ
 (Metaplasm) ��زم (d      (Chromatin) �ومنىن
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 � ��د� �ں �� �؟ (Nuclear Pore Complex) �� �ر � .6

a) ���          b)  ىنن ن
ٹ
 �ومنىن

c) � ��          d) را��م 

 � �دى ا�� .7 ىنن ئ
ٹ
 � �؟ �ومئىئ

a) ����          b) �وون �و
ٹ
ہسن  ہ

c) آر ا� اے          d) �ر���ر� 

 �ن � � را��م � ا�اء � � � � ا� �؟ .8

a)  ىنن ن
ٹ
 ��� (b          �ومنىن

c) � ��          d) �ر���� 

 �زم � �ا �� �؟�� � � �ن � � �� .9

a) � �ا�رو         b) � �و� 

c)  ىنن ن
ٹ
 ��� (d          �ومنىن

س � �� �اد � � � �ظ �� �؟ .10
ئ
 �ك�ئىئ

a) آر ا� اے          b) �و� 

c) و��م�          d) ڈڈ

پ

ئ
�� 

 �اب ��

1. c)  ىنن ن
ٹ
 (Chromatin) �ومنىن

2. c) �ىوو� � �د ىكب  ��ب

3. b) دو 

4. c) rRNA �اور را��م ا �� � 

5. b) زم�� (Nucleoplasm) 
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6. c) � �� 

7. b) �وون �و
ٹ
ہسن  ہ

8. b) ��� 

9. b) � �و� 

10. c) و��م� 

��ر 4.10.2
ت
ت
خ
  (Short Answer Type Questions)ت � �� �ا�ت �ا� �

1.   ��  اور ا�ل � و�� ��۔ �� � � 

2.    ر � � � �دار �؟� �� 

3.   زم�� (Nucleoplasm)  ا� ا�اء �ن � �؟ � 

4.   ��� (Nucleolus)  دى �م � �؟� � 

5.   اور �و��م � � �ق �؟  ف
ٹ  �و�ى

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 4.10.3

1.    س � �� اور ا�ل � � � �ن ��۔
ئ
 �كلئ

2.    ڈ�� اور اس � ا�ل � � �ٹ �۔ � � �� 

3.    ىوو� � � و � � � � و�� � �� �ن ��۔ ىكئ  �� �ر � � ذر� ��ئ

4.   �� اور � �ؤں � � � ��۔ ��زم اور �� � � 

5.   اور �و��م � � � � � � � �ن ��۔ � �  ف
ٹ  �و�ى

 

4.11  ��(Glossary) 

�� (Definition) ا��ى ا�ح اردو ا� اردو �دل 

س � � ��ى � � �ں �� �اد (ڈى ا� اے) 
ئ
�ظ �كلئ

 �� � اور � � ���ں � �ول �� �۔
س ���

ئ
 Nucleus �كلئ
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�� (Definition) ا��ى ا�ح اردو ا� اردو �دل 

س � ���زم � ا� 
ئ
�� � دو�ى � � � �� � � �كلئ

 �� �۔
اا�

ش
شزغ

 ��ى 

 ��

� 
Nuclear Membrane 

ىوو� � �� �ر � � � ��د �� �  ىكت �� � � ��ت

س � دا� اور ا�اج � �ول �� �۔
ئ
 �كلئ

 �� �ر ��ى �راخ
Nuclear Pore 

Complex 

س � ا�ر �� �� � اور 
ئ
��زم ا� � �� �� � � �كلئ

 اور ��� � �را د� �۔ ن
ٹ  �و�ى

��ى ر�� 

 �دہ
 Nucleoplasm ��زم

س � ا�ر �ل اور � ڈ�� � �� �� � �ں 
ئ
��� �كلئ

 را��� آر ا� اے � �� �� �۔
 Nucleolus ��� ��ى دا�
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                                                       ى�ر�       بى�
ٹ
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    a))                               �� � (True nucleus( 

    b)( )                                           )Mitochondria����ر�  

    c)( را�زوم )Ribosome  ( 

    d)( زہ��  ���)  all of the above(    

)iii و��ٹ� (                                           �     � ________   ________                                            -را�زوم �� �   

)iv�� � ز� �� � ا�ر  � ��د� (- 

    )a �و� ((proteins) 
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    ) (b ول�� (cholesterol)    

    )cآر ا� اے ( (RNA)   

   )dڈس
ڈ
پ  (phospholipids) ) ���ى

 )v ( ________   ________                                                                                � �� �ا� �� �۔  molecules   �  transport  �� � ا�ر اور ��   

 

 � دوم

   3در�ن       � (cells)��ا�� اور �و�ر�� �ت -2      ا� �ق �ن ��۔  

ڈ �� � � رول �ن ��۔  (plasma membrane)�ز� � -3
ڈ
 � �پ

رام ��  (Golgi apparatus)  �� ا�� -4
ئ

 -� ا� ا� �ح � � وا� ڈا�

5- �� ��(nuclear membrane)  ؟ ا� �� � � رول �� �؟� �� � 

 � �ق �ن ��۔  (nucleoplasm)اور ���زم  (cytoplasm)زم ��� -6

 -��ت  �ن ���  (cells)�و�ر�� �ت   -7

 � �م

8-   ر
ز
ى�ر ن
ز
 �ن ��۔ (functions) ؟ درج ذ� � ا�ل � �� � (cell organelles)� آرگن

)a �و ى
ٹ  (endoplasmic reticulum)) ا�و�� ر�ى

    ) (b  �ر����(mitochondria)    

 )c را�زوم(ribosome)   

   )dوزوم
ئ

�� ((lysosome) 

  -�ن �� (functions)اور ا�ل(structure)  درج ذ� � ��  9- 

)a) � ر� �� ((nuclear pore complex 

)b��� ( (nucleolus) 
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 �دہ اور �� �رد� :5 ا��
(Simple and Compound Microscope) 

 ا�� � ا�ا

5.0 �)  Introduction( 

5.1    ��(Objectives) 

 )Principleا�ل  ( 5.2

 )Simple Microscope  (�دہ �رد� 5.3

 )Parts of Simple Microscope � �(�دہ �رد� 

 )i�(  � �Mechanical Parts) ( 

 )ii�آ ()  � Optical Parts( 

 )Uses of Simple Microscope  ( � ا�ل�دہ �رد� 

  �قاور �ؤ� ��و�پ � �� �ول:�دہ 5.4

 )Study of Compound Microscope � ��(�� �رد� 5.5

 )Introduction of Compound Microscope (�ر�م�ر� �رد� 

 )Requirement�ورت ( 

 (Parts of Microscope) � � �رد� 

 ): اس �م � � �:(Support System�م  ىا�اد 

  � 
ٹ پ

   ��آ�
ف

ى 
ى

 �م  نن
ش
كش

The Optics or Magnification System)( 

 )The adjustment System� �(�ا 

 )(The Illumination System� �م   رو� 

 )Instructions For Using a Microscope(� �ا ا�ل �� � ��رد� 
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5.0 �  )Introduction( 

  �� � �، �رد� د�ںااىى م  ى� ��� 
ئ
ى � � � �ا �  ءا� �� �� � ں� � �� � ��و�ب

 ا �� � � �  آ�ت � �ا �رد� ؟� � ۔ �، �رد�� �� �� � � � ر� ��و ڈ�� وا� �� �� ،

 � � �� � �د � ،� � �� د ءا� �ں � ا�� ��ار � �رد� ں،۔ � ا�ل �� ��� ���ں �

فاا�ىى � �  �۔ �رد� ��
ف
ى �ور � �  گئ فاا�ى

ف
ى ۔ � � � � � گئ فاا�ى

ف
�� �ور �  � � � �، � � � � � گئ

ب  �� �� � ب
ش
ہہىى ش �  � ا�اء � �� � و� � � � وہ �� � اس � �� �م �� � � ��وا دے �۔ ان � ہ

اور ان �  � � �۔��و�پ � ا�ل �� � � �� �� د�� �� �� � ا� �� � �� � ا� �

 ى�م �ر � � � ں�۔ �رد� �� د �� � ں�دوں � � ���روں  �ل � �ر � ،�� � زا��ت � � ��

 ۔ ا�ل �� � � ��� � � ��و � �� � � �� � �� د�� �ں � ا�د اور �و� � �

5.1      ��(Objectives) 

�۔اس � �� � � � �دہ اور ��  � � ن� � � اور � ��� � اور �� �رد� ںساادہىى م  اس ا��  ٭

 � � ا� �ں �۔� ��و�پ � �� اور ا�ل � ��۔ � �� � ��و�پ �ور� �ر � �ن �

 )Principleا�ل  (  5.2

سووںىى �  � � 
ن
اس  ۔�رد�� � ��و �ہ اور � � وں� �� �� ى� � ا�اج � ا�ل �� � ن

سووںىى �ح � � 
ن
�� ��  ت� ہ� اور ��ں � ںاور � ��و در� � ا� ��ار � ا�ع � ��رد� ہ� �� وا�  ن

�  ىر�� ت�� ��و�پ ا�ل �� �۔�دہ اور �� �رد� ىوا� � ��� آ� �ا � ىر��۔�م �ر � �

 ۔ا� � �

 light Microscope��و�پ ( � ا� رو� �رد� ى� � �  �رد� � � �ا �)� �م � �� �� �،

سووںىى اور �  رو� �� � � � ��� � � �� ��
ن
 �۔ � �م ا�ل �� ن

 ۔ا�م � ىددو � � �رد� ى�

 �دہ �رد� ٭

 �� �رد� ٭
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 ) Simple Microscope(  �دہ �رد�  5.3

  � )وہ � � �17.0( ��دہ �رد�  ۔1
ف

ى 
ى

نن 
ش
كش

ى �  � ا�ل �� �، � � �ا � �  فاا�ى
ف
�س  گئ

 ىى � �م � �� �  �  دہ�� ز �ا  ۔� � �ؤ� �رد�
ن
ى گن  �� �۔ ا� � فاا�ى

ى �  �ا �دہ �رد � ۔2 فاا�ى
ف
 �� � ۔اس � � � Convexوا� ڈ�  �� �� �� �ا �س � � � گئ

 ۔ �� � � ) اور �� �Hand Lens(�  � ��ں �

 � � ىاور ا� �� � � �� �ر� �� �، � ا �� � principal focus� �� � � � � ۔3

 �۔ �� � � � � � اس � �ا� �ح � � �� � �ہ � ور�� � اور � � ۔ � �� �

  � � �م �ر � �دہ �رد� ۔4
ف

 
ىى

 
ك

ى 
ى

نن 
ش
ا�  �� � �� �دہ �رد� � � �� � � �  ��10��  � ش

ى  � � ى� � 10  � �  
ت

 ۔� � �

 � �، � � �� � اس � �� � ا�ر ر� � �� �ا�دہ ��و�پ اس ا�ل � �م �� � � �  �ا ۔5

 �۔ وا� �� �� � � � �� ىاور � ى� ،ى�ز

ى �  � �دہ �رد� �ا ۔6  ى
ف
ى
ئ

فاا�
ف
 �ور� �ر�� اس �ح �: گئ

𝑀𝑀 =
𝐷𝐷
𝐹𝐹

  

 �ں، 

 M � ىى 
ن
ى گن  � �� �� � �Fوا� � � � � � �� �  اور D�ور، �فااى

 ىى �  اس � ،�� �� � �� �� � � � ��� � �� �� �� �� � � �ب � ۔7
ن
ى گن  دہ��ور ز �فااى

 ۔��

 ) Parts of Simple Microscope� �( �دہ �رد�   

 :� دو� � �دہ �رد� �ا ٭

 )i�(� ) �Mechanical Parts ( 

 )iiر
ن

 ) Optical Parts�  ( ى) �

  )i�(�   �Mechanical Parts) ( 

�ون ��  �ں � �ول �� � آ� اور �� ��� �� � � � ��ں � �را د ى� � � ٭

 ۔�
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 :ا�اء �� � ��ر� ذ ان � ٭

 ؛Metal Stand)( ا� ىد�ت  ۔1 

� ، �  ) � ��Vertical Rod(ى� ى� � � �د )) ��Base Plate � ىد� ى�ر �ا اس � ٭

 �۔ دو�ے �ں � �را اور ا�م �ا� ��  �  �رد�

 )؛ Stage(  ا� ۔2

 ا � ٭
ى ى

��سط 
 �۔ �� � �)) Vertical Rodى� ى� � �د � ) د��Rectangular(لىى 

 ) �� �۔Central Hole�راخ( ى�� �ا � ا� � �� � � � رو� � ٭

 �راخ � � ى�، اس �ح �، �� �ف �� �� � ر� ا� �� اس � �� �� � �� � ��ہ � ٭

 ر� �۔

 �رد� ٭  ا� � ں�  دو�ں �  ��   اور اس �  �  ��   وہ  �۔ ��   �ڑا �   �ں  وا�  �ا� �  اف

 ��  ��ا

 ۔� ںمددد��ىى م  

  )ii�آ ( )  �Optical Parts( 

 ۔� � �� اور�� � � � �� � �ا�� � �م �� � � رو� � ٭

 ۔� ��ں � ا�اء �ر� ذ آ� ٭

 )  Mirror(  آ� ۔1

پل  �ا � � ا�  ٭ ووىى پ
ن
 � � ���۔ ى� ى�د �� ذر �� �))اPlano-Convex آ� ��� ن

 � � اور �� �� �۔ رو� �� وا� �� � ارد �د � �� آ� � ٭

�  Lens) ( 

 �۔ �� ى)� �Biconvex Lens( � ��� �ا ،�� ذر �� ��، ا ى� ى� او�، �د ا� ٭

 � آ� ى)) �Virtual Imageور�� �  �� � � �� � �� او� � د �� � ا�ں � � � �  ٭

 �۔

 �� �۔ � � � او� اور � � �� ذر �، � �� �� � � ٭

 )Uses of Simple Microscope  (� ا�ل �دہ �رد�  

�  )(Algae ا� �م �ر � �رد� � ٭
فن
 ا�ل �� �۔ ��ں � �� � � ��اور � ى، ف
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 ا�ل �� �۔ � � �� �� �ں � �ہ �رہ د ى� � ��زوں � ذر ى� � ٭

ب  ى� � رات�ز ٭ ب
ش
ہہىى ش  ا�ل �� �۔ � � ىا�� ى��م �ر � � � � � �د ہ

 �� �۔ � � � ��ے � د��ں � د ��وٹ  � ں�ر ،�� �� �� اس � ا�ل �ب � �ط � ٭

 ا�ل �� �۔ � � �� � ذرات � �ہ �رہ د � � � � � ٭

ب  ى� �ا � وں� �رے �� �  ٭ ب
ش
ہہىى ش  ۔) ا�ل �� �Palmist( �� � � �د ہ

 �� �۔ � � � �� � � ں�ر� � � � �� ذر �اس � ا�ل � � �� ٭

 ا�ل �� �۔ � � � �د ت� � ڈاك � اور �� � ٭

     �ق �ول:�دہ اور �ؤ� ��و�پ � ��      5.4

 ��ت �دہ �رد� �� �رد�

ىوو � 4�  2 ب
ٹ
ببىكب ىوو � 1 آ�ب� ب

ٹ
ببىكب  ا�ل �ہ � � �اد آ�ب�

� (Base)  � � � ا� �ا �ا �ب �

 �رد� � �� � � ا�ل �� �۔

� (Base)  ا� �� � �� ��ر �

�ب � �� � � �رد� � �� � � 

 ا�ل �� �۔

گ ��
ن
بىب

ٹ
 ا��ببس

(Adjusting Knobs) 

ا� � ز�دہ ا�� �و ��د �� �۔ 

�� ا�� �و � اور � �� � � 

 ا�ل �� �۔

اا�دہ �ر
ض
� او� اور  (Limbs) د� � اعض

� � �� � � ا� ا�� �و 

 ا�ل � �� �۔

 ا�� �و

(Adjustment 

Screw) 

 اور دو�ى �ف Plane ا� �ف

Concave آ� ا�ل �� �۔ 

� � �� Concave  �� آ� ا�ل

 �۔
 (Mirror) آ�
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 ۔�� �دے �رد� 17.0�

 )   Study of Compound Microscope� ��( �� �رد�    5.5

 ) Introduction of Compound Microscope( �ر�م�ر� �رد�   

ا�ل �� �۔  � � �آ� � ۔ �� �� � � � �ا � � د �� ) آ�17.1( � �� �د� 

  �� �رد�  �دو  � � � �ا�ل �� � �� �� � � � �ا� � د �اد � � دہ�دو � ز 

�� � � �   ��� �۔ ا�ل � ��ت � ��� �م �ر � � �رد� �۔��� � �د آ�ں � �

magnify   ��� � (ا� ا� اداروں � �ر � � ) �Resolution( ���� اور اس � �� �� رزو� 

 (۔�� �ا� �

 ) Requirement�ورت ( 

 �� �رد� �ا ٭

 (Parts of Microscope)� �  �رد� 

 ؛� �ر � � �� �رد� ٭

 )Stand or Support System�م( ىا�اد ۔1

  ۔2
ٹ پ

  � �آ�
ف

 
ىى

 
ك

ى 
ى

نن 
ش
 )Optics or Magnifiation System�م ( ش

ى  ۔3
ن

 )Mechanical adjustment system�م( ��ا ��

 )Illumination System�م (  �� ۔4
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 ): اس �م � � �:(Support System�م  ىا�اد 

 �� �۔ eyepiece  �supportاور  Tube :(�  objective(ب� ۔1

اا( ��زو  ۔2
ض
 �۔ �� ى� ڈ�� � � � �رد� �ے �� د�� �): Limbاعض

ب  �): Revolving Nose Piece�ك � �ا ( �� وا�  ۔3 �
�ب
 ىى ا� ا� آ

ٹ
ى كٹ  �� �۔ ںكاامىى � �� م  � ووى

 Stage(ا�  :(� )  �  ���Square Shaped�رد�  �  �  ��  �(  �  �   �ے �  �   �زو �

 �� � ر��� � ��� � ���۔ا�

 � وزن � وا� � � � �رد� د�ت � ى�ر �): Foot of Compound Microscope(� � �� �رد� ۔5

  support ر� � � � �� �۔ � ا�ا�ر ، �� ��� �۔� 

      � 
ٹ پ

  � �آ�
ف

ى 
ى

نن 
ش
 )  (The Optics or Magnification System�م  كش

سووںىى �  � ٭ 
ن
 �۔ � دو �ں � � � �م � � �۔ �� �رد� �� ا ن

  �� � و� اوس � او� �� � � � � �وپ � �� � � ۔1
ٹ
بكب ج ى آ�ب   وو�ى

ٹ
بكب ج ى � � ۔ ، آ�ب ى ں� ىى م  � ووى  ى

ن
  ىگ�

ف
ى 
ى

نن 
ش
كش

 

ب  ��100x�ور(، ) ��45x)� �ور(، ) 10x� �� �۔ � �ور ��
�ب�

ى �ور(۔ آ  ى
ٹ
ت
ت
ى كت   � � � ووى

ف
ى 
ى

نن 
ش
كش

  �� �

���    ۔ �(NA) (Numerical Aperture)ا�� ���  �10x )  �0.30،(45x )�0.65  ،(100x 

  �ف اور در� � دہ��� � ا� ز دہ�ا�� � ز ��)���۔�1.30�(
ف

ى 
ى

نن 
ش
كش

 �� �۔ 

    ۔2
ٹ
بكب ج ى آ�ب  آ� � ووى  � اور ��  �   در� �� ب  ن� �

�ب
 آ �  ��   ىى �

ٹ
ى كٹ  � ووى ��   �م  Working(ىدور �

Distance ( � �� دہ�ز ا� � � �� ىدور � �� �۔� �م  
ٹ
بكب ج ى آ�ب   � � وو�ى

ف
ى 
ى

كسنن 
 10X   ،45X۔�� دہ�ز 

ب   100Xاور 
�ب�

ى آ  ى
ٹ
ت
ت
ى كت �۔  � �0.20-0.15اور  � � 1.5-0.5،  � � 6-5 � �م �� � �� ��� وو�ى

 �ود� �  �ں �   ��د  �وپ  دو�ا  د ا� � �    �آ�ں �   اس �eyepiece �ocular  ۔  �  ��    �

Eyepiece� 5 �� � � �� � � � اسX� 10 X ۔ 

ب  eyepiece�ور  magnifying� �� �رد�  ۔3  �
�ب
 ىى اور آ

ٹ
ى كٹ  �5X ��ر �۔ �ل � �ر � ، و �ب وا� � � ووى

  eyepiece � � 40اورX 
ٹ
بكب ج ى آ�ب  �ح ، �  �۔ ا� �د ى� �ا د� 200�ا�ل � � �� � �  � ووى

 X eyepiece10     ب  X 40اور ب�
�
ى آ ووى

ٹ
 � �  �� ا�ل � � كٹ  ىى � ،

ن
ى گن  � ، �� � ��400�ور فاا�ى ۔ �م �ر

 ��د���۔   objective lens 10 X   �� �40 Xاور  eyepiece� 10X � 15 X،   �  �رد�

 )   The adjustment System�( ��ا    

 �� �� اور �ے �� � ان � ا�ل � � �): Coarse Adjustment Knobs�� (  ���� ا ٭
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 � اBody Tube(ب� ى�ڈ �  �رد�     � ں�ا�ىى �� � � � م  �� � � � � ��)  د  � �اور

 �د�� �۔

 ى� �ڈ � اور�� �� � ان � ا�ل � � �رد� �)): Fine Adjustment Knobs�ب  ��� ا ٭

 آ �� �۔ ) �focus�� � � � �� ��( � ��� آ� آ� ا ب�  

 Condenser Adjustment Knobs�� ���� ا ٭  ��� اور رو� � � ا� �)): � ���  ��د 

 �� �۔ ا�ل � �� �� � � رو� � �   �

 Iris Diaphragm Lever(ر� �ام�ڈا سآ� ٭  ��� ا Aperture�� � اور �م �ر � fix�� �  ر� �):

 ۔)ا�� �� � � �ت � � رو� � � �� � � رو� �(ا�ل �� �  ��� �

 )    (The Illumination System� �م   رو�  

 �۔ � � � � دو �و�ں � � � � �م � � �۔  �رد� � � ۔1

 رو� � ۔ �� �� � �ر � ا�ل �� � دو�ں رو� رو� اور�رج � رو� � ): �Source� �( رو� ۔2

 رو� � � واٹ �60ا� دور ر� �� 18�  �� آ�ن  ���۔ �رد� ��ا �� � �� ىد  �� دہ�ز

� � �� �۔ �اہ را�  � � � �م ��د  ��� � � رو� �� �۔ � ��و��ں � ا�ل � � �

 �ن دہ �۔ اور آ�ں دو�ں � � � ا�ل �رد� رو� �رج �

 �� ذر �� ��رے ��  ��ڑ ا �� �۔  � � � وا� ��� اور � �� � � �): Mirror(آ� ۔3

��  �� ��ں � � � � � ��� � � رو� �ا�ل �� �۔  �ار � ��� � � � � � رو�

پااٹىى م  ��د� �ٹ اور دو�ا �ق��ر۔ �� � �۔ ا� � � � �� � دو آ� �۔ اس �  ا�ل � آ� ںٹس

 ا�ل �� �۔ �ق��ر آ� � ��د� �  �� � اور �� �

� �� � اور  رو� � � �� � �� � � �� � د � �39.5،��  � � ): ا�Condenser�� ( ۔4

  ��ز �� �۔

 ) Instructions For Using a Microscope(��ا ا�ل �� � � �رد� 

 ۔ر� ))�Vertical Direction�  ى�د � � �رد� ۔1

 ۔�� ا�ل � � رو� �اہ را� �رج � ۔2

 ۔� ر� �� �رے � � � � �رد� ۔3

 ۔)ا�ل ����Cover Slip� ر� �� اور ��ے � � �ر�  ( �� �� ۔4
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ى �و� � ۔5  ۔�ا�ل � � �) � �Mounting Medium(�ى

 ۔ر� �ف ، �ك � �ك اور ا�� � � � �رد� ۔6

سووںىى � �ور �  آ� Concave ۔7
ن
� ��  ںو�� � � ���  � � ا� ا�ل �� � � �� �م �� � ن

 �  �م  ا�ل �   �دہ  و� �� �   ز��  ز دہ�۔   دہ��  �� ں�اور �  � �  �  ��  �  آ� ��

 ��۔  �� ��ا

ى ۔ ��و�پ � ا�� � � �ب � ا�ل �� �� � �ور � ��ا � ر� � � ، �� �� ا� ۔8 پ �  �ى

��  �� � �� � � ۔ � ��� � � � �� � �� � � ��ا �� � � دوران � �د

 �ڑا � �� �۔ �� � ��  اور � �

ب  ۔9 �
�ب
 ىى ا

ٹ
ى كٹ �� � � � ��� �  ��ب � ا�ل �� �� او� ا� ��� آ� آ� او� � او� ا � ووى

 آ��۔ 

ب  ،ا�ل �� � � �ور � �� ۔10 �
�ب
 ىى آ

ٹ
ى كٹ ى  �� �� � � ووى پ

ئ
 �� � � �� ذر � �� ��۔ آ�

ب  �
�ب
 ىى آ� � آ

ٹ
ى كٹ  � دو�رہ آ� آ� او� �� �� �۔ �  ووى

ر� اور � �� �� �� � � �� د � � �د ى� �ڑ � آ� ۔11
ن
 ۔�� ��� ا ��ز � �ى

 ۔�� ��) � اIris-Diaphram( �ام�ڈا س�ا ۔12

ر� ۔13
ن
پ  ��� ا ساور آ� �ى ى

ئ
 ۔ �� � وا� �� ۔�� �اور دو�رہ � �� �� � �� � � ، آئ

�  ںدو�ے � ووڈ � � ر�� �۔ � ��ہ � �� ا � � دار�� د slideآ� � ا�ل �� و� ،  ژن�ا ۔14

 ىى �اس � ر �� �  �� ىد ��
ٹ
ى كٹ � �ا� �۔� ، �م �ے � ا�ل �� �� اور � �ڑا  � �ا� كى

ب  �ذر  )�Xylol� زا�ل ( �
�ب
 ىى آ

ٹ
ى كٹ  ۔�� زا�ل � �� دہ��ف ر� ��۔ �ورت � ز �� وا� � � ووى

� �ف �  � � � �رد� � ) � ا�ل �� �� �Alcohol۔ ا��(� � �� ��� �رد� ۔15 

 � �ن �� �۔ اس � � �� ��
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 ۔ �� �رد� 17.1�
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(Practical Record Sheet) � رڈ�ر��    
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� رڈ�ر � (Practical Record Sheet) 

 

 

 

 
 



122 
 
 

 

 

 ت� ����اور  ��� � اور ��: �و�ر ت�   :6 ا��
(Cell size and Morphology of Prokaryotic and Eukaryotic Cell) 

  ا�� � ا�ا

46.0 �(Introduction) 

6.1    ��(Objectives) 

 (Theory: Prokaryotic Cells) ت� ��: �و�ر�� 6.2

 (Size and Structure of Prokaryotic Cells) � �� اور �� ت� ���و�ر 6.2.1

 (Additional Surface Structures) ڈ�� � � ا�� 6.2.2

 (Common Shapes of Prokaryotic Cells) �م ا�ل � ت� ���و�ر 6.2.3

 :Materials and Methods) � ��ہ ت� ���ر�اور  ��: �و�ر�ر ��اد اور � 6.3

Observing Prokaryotic and Eukaryotic Cells) 

 :(Materials) �اد 6.3.1

 :(Procedure) �ر �� 6.4

 (Observations and Results) ��ات اور �� 6.5

 :(Observation Table) �ول ��ا� 6.6

 :(Visual Representation) ��� ى� 6.7

 :(Subjective and Observational Questions) �ا�ت اور ��ا� ��� 6.8

 (Learning Outcomes) �� ا�� 6.9
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6.0 �(Introduction) 

 (Living Organisms) � � �م ��اروں (Fundamental Units) ز�� � �دى ا��ں (Cells) �ت

� �و�د،  (Microscopic Size) � �ر � �م �� �۔ ا� �د� �� (Building Blocks) � �ا� ��

� ��ہ �� �۔  (Diversity) � �ت ا� �ع (Function) اور � (Size) ، �(Structure) �ت ��

 ، �ا� � ��ں(Cellular Functions) �� ا�ل (Study) � �� (Morphology) �ت � � اور ��

(Adaptation Mechanisms) اور ار�� �ت (Evolutionary Relationships)  ا� �۔ �� � � � �

 (Eukaryotic) اور ���� (Prokaryotic) � �ت � �و�ر�� (Types) �، � دو ا� ا�م (Unit) اس ��

 � �� �� �۔ (Difference) �ت � در�ن د� �ق

 �ق  در�ن �   �ت ����   اور  �رات (Biology) ��ت (Distinction) �و�ر��  �دى � 

(Fundamental Concepts) ت�   �و�ر��  �۔  ا� �  � (Prokaryotic Cells)��  �  �  ، 

(Bacteria) �اور آر (Archaea) م �ر � �دہ� ،� �� (Simple)  اور�� (Smaller)  � م �ر� � ،� ��

اور  (True Nucleus) ر� �۔ � �ت ا� � ��ہ (Diameter) � (Micrometers) ��و� 5.0�  0.1

 ��ت �  �  � (Membrane-Bound Organelles) اد�  ��  �   ان  �۔ ��   �وم � (Genetic 

Material) � ��� (Nucleoid) د� �� � � ���زم �� � � �� (Cytoplasm)  �� آزادا� �ر � ��د �

��ار  (Shape) � � �� � � ان � � (Rigid Cell Walls) �۔ �و�ر�� �ت ا� � �� د�اروں

 � �ظ ر� �۔ (Environmental Stress) ر� � اور ���� د�ؤ

��  �   �ت(In Contrast) اس ����  ، (Eukaryotic Cells)روں��  �  ، (Animals)دوں�  ، 

(Plants)ى�
ف
  (Fungi) ، فن

ٹ ٹ
 More) اور ز�دہ �ہ (Larger) � � �� �، �م �ر � �ے (Protists) اور �و�

Complex) � ،� �� � � (Diameter) 10  �100 �و�� (Micrometers)  �۔ � �ت ا� �� �

 ��ہ  دار �  �  �   �ح  ��  (Well-Defined Membrane-Bound Nucleus) ا� �  �  �  �  ر�

 �ت (Genetic Information) ��ت ����   �وہ، �   اس  �۔  ر�  �ظ  ��ت �  �ص � 

(Specialized Organelles) �ر����  �  �  ،�  ��  �  � (Mitochondria)�و ى
ٹ  ر�ى  ا�و�ز� ، 

(Endoplasmic Reticulum)�  ��  ، (Golgi Apparatus)��رو�  �   �دوں  اور ، (Chloroplasts) �  ۔
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 (Functioning) اور �� (Survival) �ا�م د� � � � � � (Specific Functions) ��ت �ص ا�ل

 � � �ورى �۔

� �و�ر�� اور ���� �ت � در�ن ��ں �ق  (Shape) � � (Morphology) �ت � ��

�� �۔ �و�ر�� �ت �م �ر � درج ذ� � � در�ن � �ق ��  (Species) ر� � اور � �وپ � � ا�اع

 :ر� �

• �� (Cocci) - وى� (Spherical) 

بسبى�ى • ب
 (Bacilli) - � راڈ (Rod-Shaped) 

• �� (Spirilla) - ار� (Spiral-Shaped) 

 (Comma-Shaped) �� � - (Vibrios) و��س •

� � (Shapes)  � �د�ارا� ا �� (Rigid Cell Wall) �� � ذر� ��ار ر� �، � ز�دہ � 

(Bacteria) ىكاان  ��وگ�ئ � (Peptidoglycan) �  �  �   �۔ ��  �  � (Cell Shape) ��  �   اس

(Mobility)ا� ا�اء � �ب� ، (Nutrient Absorption) � � اور � ��ل (Survival) ا� ا�از �� �۔ � 

 �ت ���� (Eukaryotic Cells) نخ
ٹ
ى�ئىئ  ��اسكئ �   ان ��  �   ر� �  �   �ف،  دو�ى ، 

(Cytoskeleton) و� � ر�ں� �   �  (Protein Filaments) ��د �� �، � � �� � اور ا� �

  �� �۔��ار ر� � ��

 ،(Spherical) �وى (Animal Cells) ��روں � �ت •

ى •  ،(Cuboidal) مكعىب

• �� (Columnar) ،� �� 

� �  (Hexagonal) � �� (Rectangular) �م �ر � � (Plant Cells) � �دوں � �ت •

 �� �۔

�  �   �� (Size) �ت   (Morphology) اور  ا��ت� ��  �  �  �   Scientific) �ق

Applications) ا� �، � � �ا� در� �ى �� � (Microbial Classification) � � اور (Medical 

Diagnostics)��  ��   ا�ل (Cell Morphology) ۔ ��   ��ان  ذر�، �  ��  � (Cellular 
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Functions)��  ��  �   ��ل ، (Environmental Adaptation) ت�   ار��  Evolutionary) اور

Relationships) ۔� � � � 

� ا�ل �� �� �و�ر�� اور ���� �ت  (Light Microscope) اس �� �، آپ رو� ��و�پ

� � (Size) � اور (Shape) ہ�� � (Observation) �اور �از (Comparison)  � ۔� � �� � ��

 �� (Practical Experiments) ��ت �   �ت �   آپ  ذر�، � (Identification)  ��  �   ان اور

 �� (Structural Features) ��ت � (Interpretation) �   �دى �   �۔ �� (Foundational 

Knowledge) � ��� ہ� (Complex Biological Processes) ��اور ��و � � (Microscopy)  اور

�� �� (Cellular Analysis) رت� � (Skills) د �ا� �ے �۔� � �� �� 

 

6.1      ��(Objectives) 

 :� �ں �اس �� � ا�م �، آپ �

 ��و�ر� (Prokaryotic) ���� اور (Eukaryotic) � � ت� (Size) �� اور (Morphology) 

 �ن ��۔ (Differentiate) � �د � �ق

 و�پ�� (Microscope) � � � �� �� ا�ل � (Cell Size) ہ�� � (Observe) �� اور 

(Measure) ۔�� 

 ��و�ر� (Prokaryotes) ����   �ں (Eukaryotes) اور ��   �م �   Common Cell) دو�ں

Shapes) �� � (Identify) ۔�� 

 � � � (Cell Size) � اور (Shape) � � �ا � (Function) �� �ظ � وا� � (Interpret)۔ 

 

 (Theory: Prokaryotic Cells) ت��: �و�ر�� � 6.2

 اور �� �� ا�م � �ر �� �۔ � �دى �ر � دو ا� دا�وں  �و�ر�� �ت ز� � ز�� � � � �دہ

(Domains) �� :� �ر � � (Bacteria) �اور آر (Archaea)۔ ��ر�� �ت (Eukaryotic Cells) 
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   ��ہ�  ���ہ �   �ت  �و�ر�� ىاات (Nucleus) ��ف، ئض

 عض ��   �ى �  �   Membrane-Bound) اور

Organelles)  �� � � � ۔ ا� �د� � �و�د، � �ت �ت ا� � � �ع � اور � ���ں�� �� �

 (Human Gut) � � � ا�� آ�ں (Deep-Sea Hydrothermal Vents) �، � �ے �رى �ار� �

 �۔

 (Size and Structure of Prokaryotic Cells) �و�ر�� �ت � �� اور �� 6.2.1

� �� �۔  (Micrometers) ��و � 5.0�  0.1�و�ر�� �ت �م �ر � � �� �� �، � � � 

 � � ر� �، � �ا� ا�اء � �ى � �ب (Surface Area-to-Volume Ratio) � �� � اور � � ��� �

(Nutrient Uptake) اور � � �� ا�اج (Efficient Waste Elimination)  ��  ىكبٹ � � �� �۔ ان � �مبپب

نف 
ش
فش

  �ى � � �� � �� �� �۔� ذر� (Binary Fission) ا� ��ى 

 �اد ��  �   �ت  اے (Genetic Material) �و�ر��  ا�  ڈى ،�   ��۔ �  �   ��ہ �  �  � 

(DNA) ��� � � �� ا� � ��ہ � � �� � ��د (Nucleoid) و�زم
ٹ ى

ئ
�� � ،� � (Cytoplasm) 

�� �، ���  (Circular Chromosome) ا�ر �� �۔ ڈى ا� اے �م �ر � ا� وا�، دا�ے � � � �و��م� 

ىوو� � �� � � �ز�ز ىكئ � �� �۔ � �ز�ز ا�  (Plasmids) � �� � ا�� �� دا�وى ڈى ا� اے ��ئ

 � �ا� �ا� �� �۔ (Antibiotic Resistance)  � ا� ��� �ا�ر� � (Genes) ا� �

ىاات، � ����ر� ئخ

 اور (Chloroplast) ، �رو��(Mitochondria) �و�ر�� �ت � � � � عض ،

و� ى
ٹ  �س �و� � �رى � � را��م ، ��د � ��۔ ��، ان �(Endoplasmic Reticulum) ا�و�� ر�ى

(Ribosomes)  �  را��م � �� �� �۔  80S� � �� � اور ��ر�� �ت �  70S��د �� �،

و�زم � وہ ��ے
ٹ ى

ئ
�� (Enzymes) � ��� � � �� ىوو� ��د ىكب  � � (Metabolic Processes) اور د� ��ب

 �ورى �� �۔

 دو �ت (Cell Membrane) �و�ر�� �ت � � د
ڈ
ىد � �  (Phospholipid Bilayer) ا� ���تىتپت

�  (Substance Movement) � �م �� � اور � � ا�ر اور �� �دوں � � و �� (Barrier) �� �، � ر�وٹ

�  ،��  �  �   �۔ ��   د�ار�ول ��  �   ا�  �س �   �ت  �و�ر�� �  (Cell Wall)  �   ز�دہ �  �  ��

ىنن  ىنن  (Peptidoglycan) ��وگ�ئىكئ ىووڈو��وگ�ئىكئ ىسئ � � �� �۔ �  (Pseudopeptidoglycan) � آر� � ئپئ
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 � � �ا� �� �۔ (Osmotic Pressure) اور ا�� د�ؤ (Structural Support) د�ار �� �د

 (Additional Surface Structures) � ا�� � ڈ�� 6.2.2

 :� �� �، � (Surface Structures) � �و�ر�� �ت � ا�� � ڈ��

�� � اور �ں � � � �د �� � � �� � � �  :(Capsules or Slime Layers) �ل � � � � •

 �۔

ب�ر� • ىن � اور �� �د� :(Pili and Fimbriae) �� اور �م� ب
ت
بخ

�
� �  (Genetic Exchange) � �ل � �

نن ) ا�ل �� �
ثش
ى  ۔(Conjugation - �، ��گث

ىن � �� � � :(Flagella) �ڑے • ب
ت
بخ

�
  ا�ل �� �۔�، �ڑے � �

 (Common Shapes of Prokaryotic Cells) �و�ر�� �ت � �م ا�ل 6.2.3

�و�ر�� � � � اس � �� اور در� �ى � ا� ا� �� �۔ � ز�دہ � �� د�ار � �� اور �� 

نن 
ٹ
 �۔ � ا�م � � �� (Cytoskeletal Elements) اسكلن

1 ��� (Cocci - Spherical) 

• � (Description): ل � �وى � � �� �۔� ��� 

• �� (Arrangement): � ڑوں�   ز�وں �(Diplococci - ڈ����) � وا� �، و���) ،
ٹ پ  - ا��ى

Streptococci)� ں� ، (������ا - Staphylococci)�  �  (Tetrads - �ڈز) �ر � �و�ں ،

 �� � � �۔

• �� (Examples):  

o �ا����� اور (Staphylococcus aureus) - ا� � �م �۔ � � 

o �� ��و
ٹ پ  �� � ��۔ - (Streptococcus pneumoniae) ا��ى

  � � �� �، � �ا� ا�اء � ��ر ��ل � ��ہ � �� �۔�وى � � � ر� :(Significance) ا� •
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 :Materials and Methods) �اد اور �� �ر: �و�ر�� اور ��ر�� �ت � ��ہ 6.3

Observing Prokaryotic and Eukaryotic Cells) 

 :(Materials) �اد 6.3.1

 :(Light Microscope) رو� �رد� .1

i. �:  

a.  ا� �رى آ� � � آ� وا� رو� � ا�ل �� �� �� �وں � �ا �� �� ڈ�� � � ��ہ

 � �� �۔

b.  زز

��

زن
  :�نى

i. زز

��

زب
وو �بى

ٹ
ىكب بب  (100x، اور 4x ،10x ،40x) آ�ب�

ii. � �او ( � 10�م �رx) 

c. د� ��ت:  

i. � �ا�� ا 

ii.  �وا� ���� اور �ر �� �� (Coarse and Fine Focus Knobs) 

 

 :(Prepared Slides of Prokaryotic and Eukaryotic Cells) �ر �ہ ��ز .1

i. و�ر�� �ت�:  

a. � �� (� Escherichia coli ،Staphylococcus aureus� ، Bacillus subtilis) 

ii. ر�� �ت��:  

a. (� ا�� �ل � �ت) �ا� �ت 

b. (ڈڈر� �ت

ى پ  ��� �ت (� �ز � ا�ى

iii. ورى ا�ط�:  

a. ز � �ف اور � � � �ظ ر� �� آ�د� � �ن � � � �۔�� 

 :(Staining Reagents) ر� � ر� .2
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i. �  ىنن ىلب ھب
ٹ ىى مب

 (Methylene Blue):  

a.  � �و�زم � ر� �۔ا� �دى ر
ٹ ى

ئ
 ��ر�� �ت � ��ہ اور ��

ii. ام داغ� (Gram Stain):  

a. ام � � �ام � � در� �ى �� � � ا�ل �� �۔� � �� 

b. �ا�:  

i.  ى�ٹٹ ئ
ئ
 �دى داغ :(Crystal Violet) �� وائ

ii. آ�ڈ� �ل (Iodine Solution):  � �وا�)�رڈ� (ر �� � 

iii. �ا (Alcohol): (�ام � �ت � ر� �� وا�) ڈى �ا�ر 

iv. سنى��ران (Safranin): (� �ام � �ت � �� ر� د�) ى داغ�� 

پس .3  :(Glass Slides and Cover Slips) � � ��ز اور �ر سلئ

i. ل �� �۔�� � ر� � � ا� :� � ��ز 

ii. پس  �� � � �� اور �� � � �� � او� ر� �� �۔ :�ر سلپ

 

 :(Micrometer Scale) ��و� ا� .4

i. �و�� � (Stage Micrometer):  

a. ) � �� 1ا� � � �� � � در� �� � ��ت   � �� �ں � �  100� � �

 �)۔

ii. �او� ��و (Ocular Micrometer):  

a. او� � � ا�ر � � � �� � �� � �� � � ا�ل �� �۔ 

 :(Notebook and Pen) �ٹ � اور � .5

i. ا�ل:  

a. ات، ��، اور �� ڈا��ا� � ر�رڈ �� � �۔�� 
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 :(Procedure) �� �ر 6.4

 (Prepare the Microscope and Slide) : �رد� اور �� � �رى1��  .1

i. �� � �رد�: 

a. ر � � � � �ف ��۔
ز
��

زن
 �نى

b. رو� � � � � �� � � �م � ر� �۔ 

ii. �ر � � � ��: 

a.  پس � ذر� �ظ  ��۔�ر �ہ �� � � � كلئ

b. رو� � �راخ � � او� �۔ �� 

iii. �� ��رو� � ا: 

a. رو� � رو� �� اور ر�� � ڈا��ام � ذر� �ت � ا�� ��۔ 

 (Focusing and Observation) : �� اور ��ہ2��  .2

i. ا�ا� �� � ا�ب (Low Power Objective): 

a. 4x  �10x � � �وع ��۔ 

b. ب � � � �ف ��۔� �� �� 

ii. ز�دہ ��� � ��ہ (Higher Magnification): 

a. 40x  �100x آ� ا�ىمم�ر� � � � �ں۔ 

b. آ� ا�ىمم�ر� � � �� اور � � در�ن آ� ��۔ 

iii. ��ر� ا�: 

a. � �۔�ر� �� �ب � ا�ل �� �� � وا� 

 (Measuring Cell Size) : �ت � �� ��3��  .3

i. �رد� � در� (Calibration): 

a. و� � � � ر� اور �� ��۔�� � 

b. او� اور � ��و� � � آ� ��۔ 
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ii. �� � ت�: 

a. ر �ہ �� � ر� � �ت � �� � � ��۔� 

 (Recording Observations) : ��ات � ر�رڈ ��4��  .4

i. ہ�� � �� ��: 

a. ت � �، �� اور ر� � ��ت �ٹ ��۔� 

ii. �� ڈا��ام: 

a. در� اور � �� �� اور �� ا�اء � � ��۔ 

ىن5��  .5 تنتىكت

ك

ت
ت
 (Staining Techniques) : ر� � 

i. ���دہ ر (Simple Staining - Methylene Blue): 

a.  ،�� ہ� � �  ىنن ىلئ ھئ
ت
ىئ مئ

 � � �� � د��۔ 1-2

b. رد� � � ��ہ ��۔� 

ii. ��ام ر� (Gram Staining): 

a. )  ى�ٹٹ ئ
ئ
 �)، د�� 1�� وائ

b. ) د�� 1آ�ڈ� �ل ،(� 

c. ) �د�� 20ا ،(� 

d. ) د�� اور � ��۔ 1سنى��ران ،(� 

6.  ��6�� : (Cleaning Up) 

i. �� ��: 

a. ا�ط � �� �� اور آ� � ر� � �ف ��۔ 

ii. �رد� � �ظ ر�: 

a. اور � � � �� وا� �� � � ��۔ �� � � � 

b. رو� � �� اور ڈ� � � �ظ ��۔ 

iii. �ل �ہ �اد � �ا: 
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o اد � �� �� �� �ر � �� � ��۔� ��� 

 (Observations and Results) ��ات اور �� 6.5

� در�ن �ق �  (Prokaryotic and Eukaryotic Cells) ��ے � دوران �و�ر�� اور ��ر�� �ت

 ، ��(Morphology) ا�ل � �� �۔ � �ول �� � (Table)  � �ول���� � ر�رڈ �� � � ا�

(Size)ت��  ��  ، (Special Features)��  �  �  �   اور ، (Examples) ۔�  ��   وا� � 

�  (Visual Understanding) � �� �� � �� �ى � (Accurate Diagrams) �� �آں، در� ��

 ��� � � اور ر�رڈ �ہ ڈ� � و�� � �د � �۔

 

 :(Observation Table) ��ا� �ول 6.6

 (Cell Types, Morphology, and Size Measurements) �� ا�م، �، اور �� � ��

� � � (Cell 

Type) 
� (Shape) �� (µm)  ��ت�� (Special Features) 

 Example) �ل

Organism) 

 �و�ر��

(Prokaryotic) 
�� (Cocci) 1.0 µm 

 ، ��� ��د(No nucleus) ��ہ �

(Nucleoid present)د�ار �� ، (Cell wall) ،

 (Circular DNA) �ل ڈى ا� اے

Staphylococcus 

aureus 

 �و�ر��

(Prokaryotic) 
�� (Bacilli) 2.0–5.0 µm 

ى�ا(Rod-shaped) �ى � تج  ، �� د�ار، ف�ىى�

(Flagella)� بنبىل

 No) ، � � آرگ

membrane-bound organelles) 

Escherichia coli 

 �و�ر��

(Prokaryotic) 

�� 

(Spirilla) 
1.5–3.5 µm 

ى�ا، (Spiral shape) � دار � جن  دو�ں �وں � ف�ىى�

(Flagella at both ends)د�ار �� � ، (Rigid 

cell wall) 

Spirillum volutans 

 ��ر��

(Eukaryotic) 

 �ل

(Spherical) 
7.0–10.0 µm 

 ، ����ر�(Prominent nucleus) ��ں ��ہ

(Mitochondria)� �� ار� ، (Flexible cell 

membrane) 

Human cheek cell 
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� � � (Cell 

Type) 
� (Shape) �� (µm)  ��ت�� (Special Features) 

 Example) �ل

Organism) 

 ��ر��

(Eukaryotic) 

�� 

(Columnar) 
20–30 µm 

، (Nucleus near base) ��ہ � � �ف

 ��د، � � (Microvilli) ��وو�

(Elongated shape) 

Human intestinal 

epithelium 

 ��ر��

(Eukaryotic) 

ى  مكعىب

(Cuboidal) 
10–15 µm 

 ، �ودى �(Central nucleus) ��ى ��ہ

(Glandular function)� ں� ، (Uniform 

shape) 

Kidney tubule cells 

 ��ر��

(Eukaryotic) 

 � ��ہ

(Irregular) 
15–20 µm 

 ، �� �ؤں(Amoeboid shape) ا��� �

(Pseudopodia) ���� ،ؤ� (Cytoplasmic 

streaming) 

Amoeba proteus 

 

 :(Visual Representation) �ى ��� 6.7

  :(Drawings of Observed Cells) ��ہ �ہ �ت � �� •

o در� اور وا� �� �� �� �� �ق (Structural Differences) و�� � �۔ � 

o �� (Annotations):  

  � �� (Cell Shape)�� ، (Size)ہ�� ، (Nucleus)ى�ا تج  ، اور �د ��ت � ف�ىى�

(Flagella) �وو�� � (Microvilli) وا� �ر � �ن زد ��۔ � 

o � � ��� (Magnification Level):  

 �� �ا�ل �ہ ��� � � � ذ ( �400x  �1000x)۔ 

 

 :(Subjective and Observational Questions) اور ��ا� �ا�ت���  6.8

1. ��   �از� �  �  ��  �   �ت  ��ر��  اور  Compare and contrast the structural) �و�ر��

organization of prokaryotic and eukaryotic cells) 
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o از � �� ا� �ق � ا�� ��۔ � 

 Explain the significance of cell shape in relation to)  اور اس � � � ا� � �ن ��� � � .2

its function) 

o و�ر�� اور ��ر�� �ت � ��ں � �� و�� ��۔� 

ے � � � �ا� �ن �� .3
غبغغ


  (Describe the steps of the Gram staining technique) �ام دا

o ح �ام � اور �ام � �� � در�ن �ق �� � �د د� �؟� � � 

 �؟ .4 �   �ق  ��ں �  �   دوران �   ��ے �  �   What were the most noticeable) �رد�

differences during microscopic observation between bacterial (prokaryotic) and 

animal (eukaryotic) cells?) 

5. 100x وو � � �� آ� � ا�ل � ا� � �؟
ٹ
ىكئ بئ  Why is it important to use immersion oil) آ�ب�

with the 100x objective lens?) 

o ��و � �� (Image Clarity) اس � ا�ات � �ن ��۔ � 

  (Learning Outcomes) �� ا�� 6.9

 � �� �� � � �� � اب و�� �ے �: اس ا��

     و�ر�� اور ��ر�� �ت � �ق �� �۔� 

    ت � �� � در� �� �� �۔� 

    ر� � �ں � �� ا�ل �� �۔ 

    رد� � � �� � ا�ل �� � �رت �� �� �۔� 

   ات � �� اور در� �� �ر �� �۔�� 
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(Practical Record Sheet) � رڈ�ر��    
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(Practical Record Sheet) � رڈ�ر��    
  



137 
 
 

 

 

(Practical Record Sheet) � رڈ�ر��    
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 ��ن � � ذر� �� �ء  :7 ا��
(Cell Viability by Trypan Blue) 

 ا�� � ا�ا

7.0 � (Introduction) 

7.1  ��(Objectives) 

 (Principle of Trypan Blue Exclusion) ا�اج � ا�ل � ن�� 7.2

 (Key Components) ا� �ت 

 (Materials and Reagents) ��اد اور ر 7.3

 (Equipment) آ�ت 

 (Reagents) �ر 

 (Procedure) �ر �� 7.4

 (Cell Harvesting and Preparation) ىراور � ى� آور � ت: �1��  

 (Staining with Trypan Blue) ى� ر� آ� � ن�: �2��  

 (Counting and Microscopy) �� اور �رد� : �3��  

 (Calculation of Cell Viability) �ب �ب � � : �4��  

 (Observations and Results) ��ات اور �� 7.5

7.6 �� (Interpretation) 

 (Precautions) �ا� �ا� 7.7

 (Applications) ا�ق 7.8

7.9 � � �� (Troubleshooting) 

7.10 � (Conclusion) 

 (Learning Outcomes) �� ا�� 7.11
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 (Model Examination Questions)�ا�ت  �� ا�� 7.12

ى  ا �� �ا� .1  ۔�ن � � ا�ل � � �ر � �كسك�ووژن �ى

  �؟ �ر ��� � �� ) �cell viability� ( � � ا�ل �� �� ���� .2

  �� �؟ �ن �ق �ت � در��د � ز�ہ اور �دہ �  ر� � �� �ا� .3

  �؟ ا�ل �� وا� �ر�� �� � �� �م �� � � �� .4

ى  ا �� �ا� .5  ؟ � � �� اور ان � � � � دوران در�كسك�ووژن �ى
 

7.0 � (Introduction)  

� �� �� �۔  (functionality) � � اور �� (cell population) � � � ا� ا� �� � � � آ�دى

�� � (sample) ز�ہ �ت � (living cells)  ��اد �م �� �ورى � �� � � �و� (growth)�ا�ا ، 

(proliferation)ز�� ا�ات ، (cytotoxic effects) � � اور (cell culture)  �� ت � �� ��� � ا�ازہ�� �

 � �۔

 : �� �ں � � � � � در� ا�ازہ �� � �ورى �، �

• ���� � (Cell Biology) 

 (Microbiology) ��و ���� •

• � � (Cancer Research) 

 (Drug Development) ادو�ت � �رى •

ىكل � • ت
خ
 (Clinical Diagnostics) ك�تىت

 (Trypan Blue Exclusion Test) ��ن � ا�اج �

 Trypan) � � ز�دہ ا�ل �� وا� اور �� ا�د �� ��ن � ا�اج � � � � � ا�ازہ �� � �

Blue Exclusion Test) ۔� 

 � �� � �� � اور � ر�ں (membranes) � �ں (viable cells) � �� اس ا�ل � � � � ز�ہ �ت

(dyes) � �۔� دا� �� � رو 

 � �ں �اب � �� � �� �، � � و� � ر� آ�� � ا�ر دا� � �� �۔ (non-viable cells) � �دہ �ت

 negatively charged) � � � �رج �ہ ڈا�و ڈا� (vital stain) ا� ا� داغ (Trypan Blue) ��ن �
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diazo dye)  دا� � �� � �دہ �ت � آ�� � دا� � � ا� � ر� د� �۔�۔ � ز�ہ �ت � � � 

�  (colorless or clear) � � � ر� � �ف (microscope) �رد� :(Viable Cells) ز�ہ �ت •

 آ� �۔

 وا� �ر � د�� د� �۔ � �� (blue stain) � ر� :(Non-Viable Cells) �دہ �ت •

 (Importance of Cell Viability Testing) � � � � � � ا�

� � ا�� ا� �۔  (research purposes) اور � �� (applications) � � � � �� � ا� �

 :اس � ا� درج ذ� �ں � وا� �� �

 :(Cell Culture Monitoring)  � � �ا�� .1

� � (cell culture) � ہ �ا� اس �ت � � �� � � �ت ��ت � �اوارى��� � (production 

process) � �� دوران � � اور � (viable) �ر�۔ � � � � آ�د (contamination)ں ، � �زو

� �� �  (experimental treatments) � ��� �ج (suboptimal culture conditions) � ��ت

 � �ت � � � �۔

 :(Drug Screening and Cytotoxicity Testing) ادو�ت � �� اور ز��� � �� .2

�  (toxicity) اور ز�� ا�ات (efficacy) ��� � (compounds) � � � � � � ادو�ت � ��ت

ا�ازہ �� � � �� ا� �۔ �ج � � ز�ہ اور �دہ �ت � �� �م � �، � دوا�زى � �� 

 � �� � � �۔ (cytotoxic potential) � ز�� ا��ت (therapeutic agents) ا�ں

3. ��  (Cancer Research): 

� ا�ات � �� �� � � � � � � � � ا� �۔ ز�ہ �ت  (anticancer drugs) ا� � ادو�ت

 � ��� � ��ہ � � �۔ (chemotherapeutic agents) � �اد �م � � � � �ا� ا�ں

 :(Regenerative Medicine and Stem Cell Research) �� اور ا� � �رى ��  .4

� ��ار ر� ا� �� � �� ��ب  (high viability) �، ا� � (stem cell research) ا� � �

�� (differentiation) اور �� ا�ل (therapeutic applications)  � � � � � ۔� � �� �

 � �ا� � �� �۔ (stability) ذر� ا� � � � � اور ا�م

 :(Bioprocessing and Biotechnology) �� �و� اور �� ��� .5

اور  (vaccine production) �، � و� � �رى (large-scale cell culture) �ى �� � � �

 optimal) ، � � � � �� �اوار � �� �ر�د�(biologics manufacturing) ���جبكس ���
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yields) اور � ��ت � �ر (quality) ورى �۔� �� � � �� � � 

7.1  ��(Objectives)  

 � اس �� �� ��: � �� � �   اس ا��

   � ن�� (Trypan Blue) ذر� � � � ��ں � (Cell Viability Assays)  � �ا�ل اور ا �

 �۔ 

   � � (Cell Suspension)  ر ��۔� � � � � � � 

   �� ن � ا�اج�� (Trypan Blue Exclusion Assay)  در� � �� ا�م د�۔ � 

   ���� (Hemocytometer)  ا�ل �� �� � � اور � �ت � �اد � �ب ��۔ � 

   در� �� اور �� ��۔ � �� 

 � ۔درج �� �� �� � ��ں 

 (Principle of Trypan Blue Exclusion) � ا�اج � ا�ل ��ن 7.2

 (Cell Membrane Integrity) � � � �� (Trypan Blue Exclusion Test) ��ن � ا�اج �

 ور � �ر�ر �� �� � ��ہ ا�� � � وہ ا� �� ا (Living Cells) � �دى ا�ل � � �۔ � ز�ہ �ت

(Selectively Permeable Membrane) ار ر� �، � �ص ر�ں�� � (Dyes)  � �� �� � �دا �

 رو� �۔

ىوو� ��ت � و� � ز�ہ �ت � �  (Synthetic Diazo Dye) ��ن � ا� �� ڈا�و ر� ىكت � � ا� ��ت

 � �۔ ��، � � � � � �ن � � � وہ �اب � �� �، � � �دہ � �� �� �ت � �� � دا� �

 �، � � ر� آ�� � � � دا� � � � ر� دے د� �۔

 (Key Components) ا� �ت 

 :ا�اء � � � �ت ��آ� ا�ل � � �ر � � � � اس � ا� 

1. �� � � (Membrane Integrity) 
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 ��ن � ا�اج � � �دى �ر � � � �� �۔ ز�ہ �ت � � � اور �� � �� � � ا� � ر�وٹ

(Selective Barrier)  �ىوو� � �ر ىكت د� � � �ن دہ �دوں، �ل ��ن �، � �� رو� � �م �� �۔ � �ورى ��ت

 ڈ��  �ر�ر �  �  ،�   ر�  ��ار �   �و�  �ہ �  ر
ذذ  ى

ٹ
 �و�  اور دز

ٹ
 �پ ��  �   Semi-Permeable) �۔�

Structure) ۔� �ت �� �ن� �� (Physical Damage)�� �� ، (Chemical Exposure) � ،

اا (�و�ا� �� �ت - Apoptosis) ا��س
ت
 � و� � � �� �، � � � �� � � �� �۔ اس � �ر�متىت

(Permeability) و�زم
ٹ ى

ئ
 � دا� � � �۔ (Cytoplasm) � �� آ� �، � � �و� �دے ��

   ا� � �ل��ن � اس � � ��ہ -Non) ا� � �ف ان �ت � دا� �� � � � � � �ن � �،

Viable) ر � �ن زد �� �۔� � 

 (Selective Staining) � ر� ��ى .2

ان � � � �� � � �� � �� � � � �ں � ��  (Cell Suspension) ��ن � ڈا� � � �� �

� �� �� ��: 

� �ت ر� � �رج � د� � �� ان � �� � ��ن � � دا� � ا�زت  :(Viable Cells) ز�ہ �ت •

 � د�۔ �، � �ت �رد� � � �ف، �ار � � ر� � آ� �۔

� �ت، � � � � �ن � � �، ر� � ا�ر آ� د� � اور  :(Non-Viable Cells) � �ل �ت •

و�زم (Intracellular Components) ا�رو� ا�اء
ٹ ى

ئ
�� � � � (Cytoplasm)  �وا� � ر� دے د �

 �۔

ر�ن �ق � آ�ن اور �� ا�د �� �۔ �رد� ر� دار اور � ر� �ں � د (Visual Distinction) � �ى ا�ز

� در�ن �ق ��  (Populations) � �د � دو�ں � � �ت � ��ہ � � � �، � � ز�ہ اور �دہ آ�د�ں

 آ�ن �� �۔

 (Quantitative Analysis) �ارى �� .3

 (Quantitative Data) � �ارى ڈ� (Cell Viability) ہ � � � � � ���ن � ا�اج � � ا� ا� ��

 �ا� �� �۔
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 ر� آ�ى � �، ز�ہ (� ر�) اور � �ل (� ر� وا�) �ت دو�ں � �رد� � � ����

(Hemocytometer) ا�ل �� �� �ر � �� �۔ � 

 �� � � (Percentage of Viability) � �� �� � ��درج ذ� �ر: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
× 100 

� �ر �� �ورى � �� � � �ں � � � � � اور  (Fields of View) � �� � �، �د د� � �ا�ں

� ا�� �۔ � �ارى �� � � �، � � �ر اور �ج � ����  (Statistical Reliability) �ر�� ا�ر

 �ا� � ا�ات � ا�ازہ �� � �د �� �۔

 (Materials and Reagents) �اد اور ر� 7.3

 (Equipment) آ�ت 

 ر� دار اور � ر� �ت � د� اور �ر �� � �۔ :(Light Microscope) �� ��و�پ .1

2. ���� (Hemocytometer): اد �م �� � � �� � �۔� � � 

ىتٹ  :(Centrifuge) �ى �ج .3 ى�ت � �  (Resuspension) �� � � دو�رہ � (Pellet) �ت � تپت

 �۔

س .4
ٹ
ئپئىئ

ئ
ئ
� (1 mL  10اور mL): ت � در� �� � �۔�� 

پس .5  �رد� � � � � �ر �� � �۔ :(Glass Slides and Cover Slips) �س ��ز اور �ر سلئ

 (Reagents) ر� 

ز�ہ اور �دہ �ت � �ق �� � � �دى  :(Trypan Blue Solution - 0.4% w/v) ��ن � �ل .1

 ر�۔

 �ت � د�� اور � �� � �۔ :(Phosphate-Buffered Saline - PBS) �� �ڈ �� .2

3. �� � � (Cell Culture Medium): � �۔ �رى � دوران � � � ��ار ر� 

 � � �ر �� � �۔ :(Sterile Test Tubes) �ا� � �ك � �� .4

وول 70% .5
ن
ھت

ت
ىى  �� اور �ا� � � �۔ :(Ethanol %70) ات
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 (Procedure) �� �ر 7.4

 (Cell Harvesting and Preparation) : �ت � � آورى اور �رى1��  

 :(Cell Collection) �ت � �ل .1

 � �� � � � � � �� ��۔ •

 ا� �ا� � �ك �ى �ج �ب � � ��۔ •

نف  .2
ش
ىس  :(Centrifugation) �ى �گن

• 1,000 rpm  �5 ۔�� �  ىتٹ ى�ئ  � � � �ى �ج �� �� �ت ئپئ

ٹننننٹ  •




ٹ
ننن

� (Supernatant) � � ۔ � ا�ط� � �� �  ىبٹ ى�ب  د�، بپب

 :(Resuspension) دو�رہ � .3

•  �  ىٹٹ ى�ٹ  � �زہ �� � دو�رہ � �� �� �ں � � �� �۔ mL PBS 1ٹپٹ

 (Staining with Trypan Blue) : ��ن � � ر� آ�ى2��  

1. �� � (Dilution) : 

• 50 µL  � � �50 µL 0.4% ن � � �� ��و �ى �ج �ب � � د�۔�� 

 ��۔ •
غ ٹ پ

ئ
 � �� � آ� � ��

 � � � �ڑ د�۔ 3-2آ�ہ � �ے � در� �ارت �  •

 :(Loading the Hemocytometer) ���� � �ڈ �� .2

وول � �ف  •
فئ
ھ

ت
ىئ  ��۔���� اور �ر � � ائ

 � ���� � � �ر � � �رے � آ� � ڈا�۔ µL 10ر� دار � � �  •

 ��ے � � �ت � ا� � � � � د�۔ •
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 (Counting and Microscopy) : � اور �رد� ��3��  

 :(Microscope Setup) ��و�پ � �� .1

 � � ��۔ 10x  �20x��و�پ �  • نف
ش
ىس ىفكن نفن


�نىگ

 

 �ڈ اور �ت � وا� �ر � د� � � �� � ا�� ��۔ •

 :(Counting Cells) �ت � � .2

 ���� � �ر �� وا� ��ں � ز�ہ (� ر�) اور � �ل (� ر�) �ت � � ��۔ •

  � � ��ى �� � � � ��۔ز�دہ در� •

 ز�ہ اور � �ل �ت � �اد �ہ ر�رڈ ��۔ •

��� � (Hemacytometer) و�پ�� �� � (Light Microscope) ا� � ر� اور �ت � 

(Cells) ۔ � �� � ��د �ے �� �� � �م  � ��� � � �ف �د �ے �� �� � �� ��۔� ��

�� �� �� ��  16�ت (وا� اور �) � � (� د� � �� � � ��ں � د�)۔ � �ے �� �� � 

��۔ � �ت � �اد � �ہ � �۔ � �ے �� �� � �ف دو ا�اف � ��ى ��ں � ��د �ت � � �ر 

 �ت �۔ (Non-Viable) �ٹ �� �� � � �ل
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 (Calculation of Cell Viability) : � � � �ب �ب4��  

1. � � � � (Viability Percentage): 

𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(%) =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
× 100 

 :(Total Cell Concentration) � � ار�ز .2
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝑚𝑚𝑚𝑚) =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 × 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × 104

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑄𝑄𝑄𝑄𝑄𝑄𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

 (Observations and Results) ��ات اور �� .3

� 

(Percentage) 

 Number of) �ت � �اد

Cells) 
� � � (Cell Type) 

 (Viable Cells) ز�ہ �ت 150 75

 (Non-Viable Cells) � �ل �ت 50 25

 (Total Cells) � �ت 200 100
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Parameter Observation 

Viable Cells (Clear) __________ 

Non-Viable Cells (Blue) __________ 

Total Cells Counted __________ 

Viability Percentage __________ % 

Cell Concentration __________ cells/mL 
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4. �� (Interpretation) 

 ��� �� �۔ � � � � :� ز�دہ � 80% •

 �� � � ز�� ا�ات � �� �۔ :� � � 50% •

 � � � � ��ار ر� � � �ورى �۔ :���ہ �ا� •

 (Precautions) ا�� �ا� .5

 �ت اور ر� � �ا� � �ك �� � �� �� آ�د� � � � �۔ .1

  �زہ �ر �دہ ��ن � �ل ا�ل ��۔در� �� � � .2

ب�ر� � ��۔ .3 ى�ئى�  �رد� � � � ��و�پ � در� كئ

 ��� � � �ر�ى �� �ا�ت � �� �� ��۔ .4

 (Applications) ا�ق .6

1. ��� � � (Cell Culture Monitoring): � ر��ں � � � اور ا�ا� � ��۔� اور�  

 دوا�ں اور � � ا�ات � ��۔ :(Toxicity Testing) ز�� �� .2

 ��� �ج � ا�ات � �۔ :(Biomedical Research) ���� ر�چ .3

4. �� � � (Cancer Studies): � � ��� � ۔ا� � �ج� 

7. � � �� (Troubleshooting) 

� (Solution) �و � (Possible Cause) � (Problem) 

 (Insufficient Dye) ڈا� � ��� �ار �زہ ��ن � �ل ا�ل ��۔
 Faint) � ر�

Staining) 

 ��۔
ن ٹ پ

ئ
 �ں � � � آ� � ��

� � � (Improper 

Resuspension) 

 �ت � � ��

(Clumped Cells) 

8. � (Conclusion) 

��ن � ا�اج � � � � ا�ازہ �� � � ا� �ز� � �۔ � �ں � � �، ز�� ��، اور 
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� �� �ر اور �� �ں � � � �، �ء اور � در�  ا� �۔� � � د� �ل � اس � ا�ل � � �� 

 اور �� ا�د �� �� � � �، � �� ��ت اور � � ��ے � �رے � �ى �ت �ا� �� �۔

  (Learning Outcomes) �� ا�� .9

 �: � � �ء و�� �� �� �� � �  ا�� اس 

 ��� اور �� ا�م ار� �� ں�� � ��ے � � تا��ں، ��روں اور 

 � ا�� �د � ��روں 

  ��زرا� � �وغ ار 

  � � ا� ��روں� � 

  �روك �م اور ا�م � ىر 

  (Model Examination Questions)�� ا�� �ا�ت  .10

ى ا � � �ا� .1  ۔�� ن� ا�ل � � �ر � � � كسك�ووژنى

 �؟ �ر � �� � �� ) �cell viability� ( �� ا�ل �� �� � ��� .2

 �� �؟ � �ق � ن� در� ت�د � ز�ہ اور �دہ � ر� � � � �ا� .3

 �؟ ا�ل �� وا� �ر�� � � � �� �م �� � � �� .4

ى ا � � �ا� .5  ؟� � �� اور ان � � � � دوران در� � كسك�ووژنى
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(Practical Record Sheet) � رڈ�ر��    
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 � � ��ہ � ا�� �ا� ��ى  �� �  :8 ا��
(Demonstration of Selective Permeability of Biomembrane) 

 ا�� � ا�ا

8.0 � (Introduction) 

8.1  ��(Objectives) 

 (Principle of Selective Permeability) � ر�وٹ � ا�ل 8.2

د دو � ڈ�� 
ڈ
 (Lipid Bilayer Structure) �پ

 (Protein Channels and Transporters) اور �ا�ر�ز � �و� 

ى ��   ى ك ى  (Molecule Characteristics) ت�� � وو�ى

 (Concentration Gradient) ار�ز � �ق 

 � � �� (Membrane Integrity) 

 (Materials and Reagents) ��اد اور ر 8.3

 :(Equipment) آ�ت 

 :(Reagents) ا�اء �� 

 (Procedure) �زِ � 8.4

 (Preparation of Beetroot Cylinders) ىر� : �ر � �روں �1��  

  ��2��� : �� (Experimental Setup) 

 (Heat Treatment) � : �ار�3��  

 (Observation and Data Recording) رڈ��ر �: ��ہ اور ڈ4��  

 (Observation and Results) ��ات اور �� 8.5

 (Calculation of Permeability Index) �� � �ا�ر ى��ذ � 8.6

8.7 �� (Interpretation) 
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 (Precautions) �ا� �ا� 8.8

 (Applications) ا��ت 8.9

8.10 � (Conclusion) 

 ى�� �� �ا (Biomembrane) � � ا�ل �� �� � ��ہ: �� � � 8.11

(Permeability) ڈل� 

 � (Objective) 

 � (Problem Statement) 

 (Hypothesis) �و� 

 (Variables) ات� 

 (Materials) �اد 8.12

 (Procedure) �ر �� 8.13

 (Preparation of Starch Solution) ىر� : �� �ل �1��  

 (Initial Observation) ��ہ : ا�ا�2��  

وڈ3��  
ئ

 (Preparation of Iodine Solution) ىر� �ل � �: آ�

  ��4�� �� : (Immersion) 

 (Final Observation) ��ہ : �5��  

 (Observation and Data Recording) رڈ��ر ���ات اور ڈ 8.14

 (Experimental Data Table) �ول �ڈ ��� 

 (Control Data Table) �ول ��ول ڈ 

 (Results and Interpretation) ��� اور � 8.15

8.16 � (Conclusion) 

 (Significance) ا� 

 (Learning Outcomes) �� ا�� 8.17
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8.0  �(Introduction)  

ب�رىى �  ��  ،) �Structuresا� ڈ�� ( ���د � ) �Living Cells( ت) �م ��ار �Biomembrane( �م�

) � Substances) � ا�ر اور �� �دوں (Cell( اور � ) � �ر � �م �� �Dynamic Barrier�ك ر�وٹ ( �� ا

�و� � ��  ) �Property( �ص �� �) اRegulation�� ( �۔ � ) ��Passage) � � (Regulate�ر (

 ا�� �   Selective Permeability( ى�� ��ا � (   �۔ ��  �� �� � ��  ��   �ص  �ف �  ى ك ىى �  وو�ى

)Specific Molecules�  ( � )Membrane�   �ر �   د ،) ��    رو� ���    ا�رو� � �� ��۔ �ازن  �

)Cellular Homeostasis�  �   ر�  ��ار �   �ا� �� )  اور �   ( ا�  ا�اج Nutrient Uptakeا�اء �  �  ،(

)Waste Removal� اور ا�روں ،( �� )Signal Transduction� ( ) � �اProcesses�� � � ( ۔� 

 �Selective Permeability( ى�� ��ا ا�� ب�ر ىى �  �)  �Biomembrane( �م� ( )  ��   Unique�د

Structure� � (ى پپ ىى �ر � ���  ىد�، � � �� ا ڈى
ڈ
ر � � � ) � � ��Phospholipid Bilayer� ( ىدو� ڈ

ز ز ى
ٹ

 �و�

)Proteins( � ىدو� �۔ �� � � �) �اBilayerر ( رو���� �) ا�Hydrophobic Core�ر ( � � � 

)Polar) اور �ر دار (Charged �� ( ى ى ك ى ) �دے Nonpolar( � �، � �� اور � ) � �م ��Barrierر�وٹ ( � � وو�ى

ر ۔ اس � �وہ، �) �ر � �Freelyآزادا� (
ز ز ى

ٹ
)، Channels( � � � ) ا� �دار ادا ��Membrane Proteins( �و�

پس (Carriers( ز�� ى �ر دار ��  ��ے  �) � ذرPumps) اور �پمپ ى ك ى ) � Controlled Movement���ہ � و �� ( � وو�ى

 ۔� � ��

) � Regulated Movement of Molecules� � (� ) �Cellular Processes� �� ( � � �دوں

 �� � � ا�) Carbon Dioxide( آ�� ) اور �ر� ڈا�Oxygen( �۔ �ل � �ر �، آ� ر� ا� �� �

)Nonpolar Nature� (  ��� � �ى پپ ىى و ڈ ى
ڈ
� آ�  ،) � �اہ را� �ر �� �Phospholipid Bilayer� ( ى�دو ڈ

)Ions� ى ��  ) اور ى ك ى �۔  �ورت �� ) �Transporters�ا�ر�ز ( � � ) � �ص �و�Polar Molecules( وو�ى

) ATP( � � ىا �) Cellular Energy( ��ا� �� �م) � �Active Transport�ل � و �� ( ،� �ر�ں �

ى ا�ل �� �� ��  ى ك ى  ،) �� �Concentration Gradient� � �� � ( ) �Transport� ان � ار�ز ( وو�ى

 �� �۔ �د ) �Nutrient Absorptionا�اء � �ب ( ) اور �ا�Ion Pumping� آ� � ( �

ى � ��  �، � ) � �� ��Factors) � �ا� (Selective Permeability( ى�� ��ا ا�� ى ك ى � ��  وولى

)Molecule Size� ،( )Polarity) رج� ،(Charge) در� �ارت ،(Temperature� اور ( � ) ��Membrane 

Composition� ى ��  � )۔ �� اور ى ك ى ى �ر دار ��  �� �ے  ،) � �� �Diffuse( �� �ا آ�� دہ�ز وو�ى ى ك ى � �ص  وو�ى
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ر
ز ز ى

ٹ
ى ك ىى �۔ در� �ارت ��  �د در�ر �� ) �Specific Proteins( �و� � �، � ) � �� �Kinetic Energy( �ا�� �� � وو�ى

 �۔ آ� �� ) �Rate of Diffusionر�ر ( � �� �ا

)، � Cell Biology( ت�� �� � ر� �، � ا� ) �Fields� �ر � �ں ( ى�� ��ا ا��

)Medicine����اور �ر ( )Pharmacology�م ( �� � )۔ �ل � �ر �، دوا� �Drug Delivery Systems � (

 ڈ  �ح  � � ا��اس  وہ �  �   � ں� ��� ��  �� )   �ر �Penetrate�  �   ا�)  � ۔  �� � �ح،

)Membrane Integrity �ىى ) � ��ہ ك 
نن
ى  ) Cell Damage�ن ( �ا� �، �ں � ) �Clinical Diagnosis( � كلى

 �۔ � � ��� ) �Disease Progressionر� ( � � ىر) �Cell Death�ت ( �

 ا�� ،� �� ىر�� اس  ( ى�� ��ا �ء  �ر �Concept�  �  ( )   Practical��ے

Demonstrationاور �ڈل � ( �� ��در �) � ذر �Model Systemsا� ��  ��۔ ا ���ت � �) � ذر

) � Iodine( �ڈ�) � �ڈل �، آPlastic Bag� � ،(� � )Cell Membrane( ��ہ �� � � � � �� � �

 � � �� ) � ��Principle� ا�ل ( ى�� ��ا �دہ �ڈل ا�� �) � رو� �۔ Starch�� ( � � ��ر� د

ب�رىى �  ��� � اور �� �� � � � �ح � ى ) �� Biomembranes( �م� ى ك ى ) � Molecular Movement� و �� ( � وو�ى

 ۔� � ��

 اور �Hands-on Experiments� ��ت ( � � �� �ء  ،�) � ذرCritical Analysis( �� ى)

) � ��ار ر� � � � Delicate Balance) � �زك �ازن (Cellular Environment��ل ( �� �� ذر ں�

 ىد� � � �� ) �Biological and Biomedical Sciences�م ( � ���اور  ��� � ��۔  � �ر � � �

� �   اور �   �Laboratory Research( � ىر�ر�  اور (� )Analysis�  ( � )   �وغ �   Skill�ر�ں

Development� ( د�ر �� ��۔� 

ر�
ٹن   Coelenterates( ��ى

ئ
ئ
 ���اروں � ا آ� ،) � � ر� �Phylum Cnidaria( ���� �مىى ) � � �

�   �وہ  � �ع � � )  �Jellyfish)   ��ن ،(Coralsر�   ( ى)،  ��Sea Anemones�ب  اور  زروا�)

)Hydroids� �� (� ك�  � �� ں�� �ا ۔ ان ��اروں
ش
ى ش  ى

ت
 � ��� ��ع  � �ا �) �، Polymorphism( ت

��  �    ��۔  ��د �   � دہ�ز �� ��ں �   ان � )   وا�  ���Sessileر�  اور  ز�� )  Colonial( �ز

Lifestyle�� � � ( �� ،�� � ،� � ۔ ��ں � � د �ص ��ں � � اور د�ع� 

 
ت

ىت ك�ت
ث
ىن ا�ر � � �، �  (Polymorphism) � ش ت

ت
تخ

�
� � �، �� �ر � ا� � ا�اد � �� �

� �� �۔ � زو�ز � �م ا�م د� �، � � ��� ز�دہ �� اور ��ل � ��ں � � �زوں �  (Zooids) �ززو

ر� � �م �ر � � آ� وا� � � �ں � ��
ٹن  �� �، ��  (Medusae) اور �و� (Polyps) �� �۔ ��ى
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�  �  �روزو�ز�
ٹ ىس�  گئ �   زو�ز  ��زو�ز(Gastrozooids) ص ، (Gonozooids)اا�زو�ز

ٹئ
ىك  ڈئ ، 

(Dactylozooids) وو�رز
ٹن
ىك ن

ز
 � �� �۔ (Nectophores) اور ن

 
ت

ىت ك�ت
ثس
  �  �  ر�

ٹن   ��� (Polymorphism) ��ى  ار�� �   ان  �ف �  �  �  � (Evolutionary 

Success) �� ںاور� � �� (Ecological Strategies) رے � ��ت � � � ان � �ہ ز�� � دور� � 

(Complex Life Cycles)� � م� ، (Division of Labor) � �� اور (Functional Specialization)  � �

 � �ر
ت

ىب ك�ب
ثس
ر� � �� �� وا� � �ں اور ان � ا�ل � � �� �۔ اس �ب � � � 

ٹخ  ، اس � ا� اور ��ى

 ��ہ � �۔

8.1  ��(Objectives)  

 اس ا�� � �� � �� � � �ء �� �ں �:

 ��ى�� ��ا ا )Selective Permeability� ب�رىى �  �) � �ر اور �  ا� اس � ) �Biomembranes( �م�

 ۔� �

 � � ى�� ��ا )Membrane Permeability� � �� �� � ( ) ت��Experiments�� (  دے

 ۔�

 �  �� ى ى ك ى  اور ��ں (Molecules( وو�ى (Solvents� � ( � �� )Membrane Integrity � ا�ات � (

 ۔��ہ � �

 ��� )  ��Experimental Results�  ( �� )Interpretation�ا  �  �  �رات  ��� )

)Theoretical Concepts� ۔) � �ڑ 

 ڈ� � �� )Data Analysis� �� ( �� ى� ) اورCritical Interpretation� ( � � �� ۔�رت 

 (Principle of Selective Permeability) � ر�وٹ � ا�ل 8.2

� ا� �دى ��  (Biological Membranes) ��� �ں (Selective Permeability) � ر�وٹ

�، � �ت � �دوں � ا�ر اور �� � و �� � � �� � �� �� �۔ اس �� � ذر� � ا� ا�رو� 

� �ل � �و� ��ں � �و�د �� � ر� �۔ � ر�وٹ � �ر � �د � �دى �ؤں � �، � � � اس �ت � �

ىوول � � �ر � � اور �ن � �۔ ىكت  �� � � �ن � ��ت
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د دو � ڈ�� 
ڈ
 (Lipid Bilayer Structure) �پ

د دو � ز�دہ � ���
ڈ
پ ىوو� � دو�ى � �� �۔  (Phospholipid Bilayer) �ں � �دى �و ���ى ىكب د ��ب

ڈ
�� �، � �پ

ىلك (�� �) � اور ��رو�� (�� ��) دم �� �۔ ىوو� � ��روفئ ىكئ  ان ��ئ

ىوو� � � (Polar) ��رو�� �ر ز�دہ � � • ىكب  ر� � ر�وٹ � �۔اور �ے ��ب

ىوو� � آ� • ىكب  ��� � � �ر � �۔ (CO₂) اور �ر� ڈا� آ�� (O₂) �� اور � � ��ب

ىوو� (� �و� اور �� �ا�ز) �م �ر � � �د � � �ر  • ىكئ ىوو� (� �� اور آ�) اور �ے ��ئ ىكئ  �۔��، � ��ئ

 (Protein Channels and Transporters) �و� � اور �ا�ر�ز 

  ر
خخ  ى

ٹ
ىگررل اور ��ل �و� تٹتخت




� � �� � � �،  (Integral and Peripheral Proteins)��� �ں � ا

ىوو� � �� ىكئ  ان ��ئ ر
ز ز ى

ٹ
پس � �ر � �م �� �۔ � �و�  دو � � � �ر  ��ز اور �پمئ د

ڈ
� آ�ن �� � � �د � �پ

 �۔

��: 

ر •
ز ز ى

ٹ
  :(Channel Proteins) � �و�

o � � (Pores)  � � �� � �ىوو� � �ر� � ا�زت د� � (� ا�ا�ر ىكئ �� � � �ص آ� � ��ئ

 �ص �)۔

ر •
ز ز ى

ٹ
  :(Carrier Proteins) �� �و�

o ىوو� � �� �ھ �� � اور � � �ر ان � � و �� � دوران ا� �� � �� �� �۔ ىكب  � ��ب

پس •   :(Active Transport Proteins) �پمپ

o ��   �ا�  ا��� � (ATP)    �ق �   ار�ز �  ىوو� ىكت  ��ت ��   ا�ل �(Concentration 

Gradient) �۔(��� �-� �ف � �� � (� �ڈ 

ىوو� � ��ت  ىكت  (Molecule Characteristics) ��ت

ىوو� � �� ان � � � �ر� � �� � �ا ا� ڈا� � ىكت  :��ت

ىوو� • ىكب  :�� � � ��ب

o  ��آ (O₂)  ر� ڈا� آ��اور� (CO₂) � ،د � � آزادا� �ر � �۔
ڈ
 ��رو�� �پ

ىوو� • ىكب  :� ��ب
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o  �آ�� � �، � �ص �و� ��ز � ذر� ��ز (Facilitated Diffusion)  �ذر �

 � �� �۔

 :�رج �ہ آ� •

o  �Na⁺ ،K⁺ اور Ca²⁺ � � �� � پس �ص � �، � � � �ر  � �ورت �� �۔ �پمپ

ىوو� • ىكب  :�ے ��ب

o  �اور �� �ا�ز  ر
ز ز ى

ٹ
ىكوو� �ا�رٹ، � �م �ر � � �و� ىسن � � �ر  (Vesicular Transport) ون

 ۔(ا�و��س � ا���س� (� 

 (Concentration Gradient) ار�ز � �ق 

ىوو� �ر� �ر �  ىكت  � �ا� � �۔ ار�ز � �ق� �ف �� �� �، ��  ار�ز � � ار�زز�دہ ��ت

 � �۔ (Diffusion) ا�راس � �ل �� �  •

ىوو� �  (Active Transport) �ل � و � • ىكب  ATP� �ف  � ار�ز � ز�دہ ار�زاس � �� �، � � ��ب

 � �۔� ذر� � � �

 �� � � (Membrane Integrity) 

 � � �� � ر�وٹ � ��ار ر� � � �� ا� �۔

د دو � � �ٹ �ٹ� � �ن � � �رت �، �  •
ٹ
ىوو� �� � � �و� � �� � ���  �پ ىكت ، � � ��ت

 � �۔�� � �� �� � �

س، pH، در� �ارت •
ٹنننج


 ىكل د�ؤاور  ڈ�� بنب


�� اور  � � ر�وٹ� �ا� � � �� � �� � � �، � �  مكبى

 � � �۔ ا�ل � �ن

 (Materials and Reagents) �اد اور ر� 8.3

 :(Equipment) آ�ت 

  :(Light Microscope) رو� �رد� .1

 ��ں اور � � �� � ��ہ �� � �۔�� 

2. �� �:  

 � ��ں اور ��ں � �رى � �۔
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  :(mL 250اور  mL 100) �ز .3

 ��ں � �ر �� اور ��ت � �۔

ٹ  .4 ى پ   :(mL 10اور  mL 1) ٹپ

 ��ت � در� �� � �۔

  :�م �� � �م .5

 �ول �ہ �ارت د� � �۔ ��ں �

6. pH �:  

 � �� � �۔
ت

ىب ئ
ز
 �ل � �ا� � ا�ك�ئىئ

7. � �:  

 �ل � ذرّات �� � �۔

  :�� وا� �ر .8

 ��ت � در� �ار � �� � �۔

 :(Reagents) �� ا�اء 

  :(Red Beetroot) �خ �ر .1

a.  رج �� �۔ �دہ�� ر�ار� � �� � � � � � � 

2. �� � (Distilled Water):  

 �ل �ر �� � �۔

ا�ل ( .3
ت   :%)100% اور 70ا�ى

 � � ر�وٹ � ا� � ا�ات � �� �� � �۔

  :(%0.9) �ڈ� �را� �ل .4

 �� ر�� � ��ل �۔

  :(M 1) ��وز �ل .5

 او�� رو� اور � � ر�وٹ � ا�ات � �� �� � �۔

  :ڈ�� �ل .6

ڈ � � �ڑ� � �۔
ڈ
 �پ
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  :(pH 7.0) � �ل .7

 ��ار ر� � �۔ pH � ��ار

  :�ف � �م .8

 در� �ارت � ا�ات � �� �� � �۔

 (Procedure) �زِ � 8.4

 (Preparation of Beetroot Cylinders) �ر � �روں � �رى: 1��  

 (cork borer) � � ��) �رك �رر 2� � � اور  1� �ں �رى �ے ( (tissues) �ر � ��ں .1

 � �د � ��۔

دور �  (surface pigments) �� � ر�� د��  (distilled water) �روں � ا� �ح � �ہ �� .2

 ��۔

  ��2�� ��� : (Experimental Setup) 

��د  (solutions) � ر�، � � درج ذ� �ل (test tubes) �ر � �روں � ا� ا� ��� �ں .1

 :�ں

o �� ہ� � (Distilled Water) - (ول�) 

o وول
نت
ھ

ت
ىى  (%100اور  70%) (Ethanol) ات

o ڈ� �را� �ل� (Sodium Chloride Solution) 

o وز �ل� (Sucrose Solution) 

o ڈ�� �ل (Detergent Solution) 

 � � � ر�۔ 30�  (room temperature) ��� �ں � �ے � در� �ارت .2

 (Heat Treatment) : �ار� �3��  

ىس �  70�  (hot water bath) ر � �روں � �م �� � �� � .1 ى�سپ � � � ر� �� �  5ڈ�ى پس

 � در� �ارت � ا�ات � �� � � �۔ (membrane permeability) � �ذ ��ى

 � �ا �� د�۔ (samples) ��ں .2
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 (Observation and Data Recording) : ��ہ اور ڈ� ر�رڈ�4��  

�  (membrane damage) � ��ہ �� �� � � �ن (color intensity) � �ل � ر� � �ت .1

 ا�ازہ � �۔

� �ى  (spectrophotometer) � ا�ازے � � ا�و ��� (pigment leakage) رو� � ا�اج .2

 ا�ل ��۔ (visual comparison) �از�

 � درج ��۔ (tabular format) ��ات � �ول .3

 (Observation and Results) ��ات اور �� 8.5

 (Treatment) �ج (Color Intensity) ر� � �ت (Inference) �م

 ,Minimal leakage) � از � ا�اج، �� �

intact membrane) 
�� � (Light Pink) 

 Distilled) � �ہ ��

Water) 

 Moderate) در�� ا�اج، �وى � �ن

leakage, partial damage) 
وول 70% (Medium Red) در�� �خ

نت
ھ

ت
ىى  (Ethanol) ات

 ,Extensive leakage) �� ا�اج، �� �ن

severe damage) 
وول 100% (Dark Red) �ا �خ

نت
ھ

ت
ىى  (Ethanol) ات

 (Light Pink) � �� � ا�اج ,(Osmotic stress) او�� د�ؤ
 Sodium) �ڈ� �را� �ل

Chloride Solution) 

 Osmotic) او�� �ازن، �� ا�اج �

balance, no leakage) 
�� � (Light Pink) 

 Sucrose) �وز �ل

Solution) 

 Membrane) ا�ر، ز�دہ � ز�دہ ا�اج � �

disruption, maximal leakage) 
 (Dark Red) �ا �خ

 Detergent) ڈ�� �ل

Solution) 

 Heat-induced) �ارت � �و� � �ا�

denaturation) 
 (Dark Red) �ا �خ

 Heat) �ار� �

Treatment) (70°C) 



161 
 

 (Calculation of Permeability Index) ���ذ ��ى ا�ر� �  8.6

 :� �ب درج ذ� �ر�� � �� �� � (Permeability Index) �ذ ��ى ا�ر�

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (%) =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
× 100 

8.7 �� (Interpretation) 

وول � ا�ات .1
نت
ھ

ت
ىى  :(Effect of Ethanol) ات

o وول ار�ز
ز
ھت

ت
ىى د دو �ى ڈ�� (higher ethanol concentration) ز�دہ ات

ڈ
 (lipid bilayer) � � �پ

 �� �۔ � �اب �� � اور �ذ ��ى � ا��

 :(Effect of Osmotic Stress) او�� د�ؤ � ا�ات .2

o �� � � ڈ� �را� اور �وز �ل� (membrane integrity) ار ر� �۔�� � � � � 

 :(Effect of Detergent) ڈ�� � ا�ات .3

o  دز � �ل د� �، � � ز�دہ � ز�دہ
ٹ
 �ن �� �۔ڈ�� � � �پ

 :(Effect of Temperature) �ارت � ا�ات .4

o � �ار� (heat treatment) و� � �ا� اور � � ا�ر� (membrane disruption)  �� �

 � �۔

 (Precautions) ا�� �ا� 8.8

ىكل  (beetroot samples) �ر � ��ں .1 بنب

 � �۔ (mechanical damage) �ن� �� � �� �� مكبى

 �ر � �روں � �� اور � �ں ر� �� � �� �� �ں۔ .2

 ا�ل ��۔ (freshly prepared reagents) در� ��ار ر� � � �زہ �ر �ہ رى ا� .3

 �ار� � � دوران در� �ارت � در� �ا� ��۔ .4

 � �۔ (contamination) � ا� �ح �ف �� �� آ�د� (glassware) � ��ں�  .5

 (Applications) ا��ت 8.9

 :(Biochemistry and Cell Biology) �� � اور �� ��ت .1

o �� ىوو� � و ىكت  � �۔ (molecular transport) � � �� اور ��ت
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 :(Pharmaceutical Testing) دوا�زى � �� .2

o ں � ادو�ت � ا�ات � ��ہ �۔� �� 

 :(Toxicology) ز��ت .3

o � ��ز �� � ���� (chemical toxicity) ڈ��ں � ا�ات � ��۔ �� � 

 :(Food Industry) �راك � � .4

o  � � رت � ر� � ا�اج � ��۔�و� � دوران � � �ن� 

 

8.10 � (Conclusion) 

� ��ے � � � ��ت اور ��  (Selective Permeability) � �ذ ��ى�ر � � �ڈل � ذر� 

س � �
ٹبخب


  � ا�ل � ا�ات � � �رے � � �ت �� �� �۔ � �ا� � در� �ارت، ��� اور ڈ��ب

 cellular) � � �ء � � ��� ا� � � �ر � � � �۔ �� � وا� �� � � � � �� �� � آ�

homeostasis) ار ر� � � � ا� �۔�� � 

 � �ا� ��ى (Biomembrane) � ��ہ: �� � � ا�ل �� �� � � 8.11

(Permeability) ڈل� 

 � (Objective) 

وڈ� (Selective Permeability) � � � ا�� �ا� ��ى
ئ

-Iodine) �� ��-� �� � �ڈل اور آ�

Starch Interaction) ذر� �� ��۔ � 

 � (Problem Statement) 

وڈ�� �� 
ئ

 � �ا� �� د� �؟ (Iodine) � آ�

 (Hypothesis) �و� 

وڈ� �� � � دا� �� اور ��
ئ

 � �� �� �ے �، � � ر� � �� ��۔ (Starch) آ�

 (Variables) �ات 

وڈ� �ل :(Independent Variable) آزاد � •
ئ

 � ر� (Iodine Solution) آ�



163 
 

 � ر� (Starch Solution) �� �ل :(Dependent Variable) ا�ر � •

 (Materials) �اد 8.12

 � �) 250ا� � � � ( .1

 ا� �� �وچ � .2

 (Graduated Cylinder) ا� در� �ہ �ر .3

وڈ� �ل .4
ئ

 (Iodine Solution) آ�

 (%1) �� �ل .5

 (Dropper) ڈرا� .6

 � � �� ��ر�  .7

 (Measuring Scale) �� �� وا� �ازو .8

 (Procedure) �� �ر 8.13

 (Preparation of Starch Solution) : �� �ل � �رى1��  

 � � �� �ل ڈا�۔ 40�� � �  •

 �� � ��ھ د� �� ا�اج � �۔� � او� وا� � � �وڑ � �� �� � ر� � �  •

 (Initial Observation) : ا�ا� ��ہ2��  

ر � ا�ر) � ا�ا� ر� � ��ہ �� اور "� • پ ى وڈ� �ل (�ب
ئ

وا�  (Before) "�� �ل (� � ا�ر) اور آ�

 � � ر�رڈ ��۔

وڈ� �ل � �رى3��  
ئ

 (Preparation of Iodine Solution) : آ�

ر �  • چ ى  � � � �ہ �� ڈا�۔ 80�ب

وڈ� � �ہ � �ہ �� �� �ں � � �ل �ى � •
ئ

 � ��۔ (Golden Yellow) آ�

  ��4�� �� : (Immersion) 

وڈ� �ل � ڈ� د�۔ •
ئ

 �� وا� �� � آ�

 �) � � �ڑ د�۔ 24رات � (��  � اپ � � �� •
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 (Final Observation) : � ��ہ5��  

ر � ا�ط � ��۔ • چ ى  � � �ب

• "   اور ��   ��ہ �   ر� �  �   �ل وڈ�
ئ

 آ�  ا�ر �  ر چ ى  اور �ب  �ل ��   ا�ر �  �24 �  �" (After 24 

Hours) ۔ وا� � � ر�رڈ�� 

•  

 
 

 

 

 

 (Observation and Data Recording) ��ات اور ڈ� ر�رڈ� 8.14

 (Experimental Data Table) ��� ڈ� �ول 

وڈ� �ل � ر�
ئ

ر � ا�ر آ� چ ى  (Condition) �� � � ا�ر �� �ل � ر� �ب

 (ا�ا�)�  (Whitish) � (Golden Yellow) �ى �

 � � 24 (Dark Purple/Black) �ا ار�ا�/�ہ (Golden Yellow) �ى �
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 (Control Data Table) �ول ڈ� �ول 

ر � ا�ر �� � ر� پ ى  (Condition) �� � � ا�ر �� �ل � ر� �ب

 (ا�ا�)�  (White) � (Transparent Creme) �ف ��

 � � 24 (White) � (Transparent) �ف

 (Results and Interpretation) �� اور �� 8.15

وڈ� � �� � � ذر� �ا� � �  .1
ئ

� � ا�ر �� �ل �ا ار�ا�/�ہ ��، � � �� �� � � آ�

وڈ��� � �� �� � اور 
ئ

 �� �� � د�۔-آ�

وڈ� �ل � ا� �ى ر� ��ار ر�، � � �� �� � � �� � � �� � �۔ .2
ئ

ر � ا�ر آ� پ ى  �ب

وڈ� �  .3
ئ

�� � �ول � اپ � �� ر� �� � ��، � اس �ت � �� �� � � د� �� وا� ا� آ�

  �� � و� � �۔�ا�

8.16 � (Conclusion) 

وڈ� � �ا� �� د� � � �� � �۔ � �ا� ��ى � � � ا�� �ا�
ئ

 � �� �� �� � � �� � آ�

ىوو� � � �ر �  (Selective Permeability) ��ى ىكت  � � دو�ے �۔� � � �، �ں �ص ��ت

 �� ��� � �� �و� � �� �� � اور ا�� �ا� ��ى � ا�ل � � اور آ�ن �� � وا� �� �۔

 (Significance) ا� 

� وا� �� �۔ � اس �ت �  � �دہ �ڈل �� ا�� �ا� ��ى � �ر � � �ف �� �� � � � � � �� �

�  (Cellular Integrity) �ل �ا� �� � � ��� �ں �اد � �د� � � �ح �ول �� �، �� ��

 �ظ ر� �� دا� �ازن ��ار ر� �۔

  (Learning Outcomes) �� ا�� 8.17

 :� �، �� � درج ذ� �ؤں � � اور و�� �� � �� � �� �اس ا�� � �� �� 

 ا�� �ا� ��ى � ا�ل � �۔ � � �� 

 در� �ارت، ��� اور ڈ�� � � � �ا� ��ى � ا�ات � �� ��۔ 

 ��۔� اور �� � و � � �� �ر � و��  
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 ڈل � ا�ل �� �� �� � � ا�� �ا� ��ى � � �� ��۔� � �� 

 وڈ� اور �رچ �� � ذر� � � �ا� ��ى � ��ہ اور �� ��۔
ئ

 آ�

 ات اور �� � و�� �� اور �ول � � � � ��۔�� ��� 

 � ���ں � ا�� �ا� ��ى � � ا� � �۔ 
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(Practical Record Sheet) � رڈ�ر��    
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اور �ف  (Eyepiece) � ڈرا� اور � � �� �� اور � (Compound Microscope) �رد���  .1

�� (Objective Lens) م �۔� � 

�ت � در�ن �ق �ن ��  (Eukaryotic) اور ���� (Prokaryotic) م: �و����� �ں � ا� .2

 اور � �� ��۔

3. �  خ پ ى
ئ

� ا�ل �ن  (Exclusion Test) � ا�اج � (Trypan Blue) �ں � �� � �� � � �ان

 ��۔

 Selective) �� � ذر� �� � � ا�� را� ��ى�  (Osmosis) � او�س (Potato) آ� .4

Permeability) اور و�� ��۔ �� �� � 

� �م �� �ں �ورى  (Morphology) اور �/� �ى (Cell Size) �� ��ت � � � � �� .5

 �؟
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