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Comparative sensory organ 

                  (stimuli)  

                  (receptors or sense organs)  

         , , ,           

              (afferent)   |    

    

 

         : (i)        (detect)   (ii)    

          (transmit)  |  ,     (incoming) 

       (efferent)              

     

  (COMMON SENSES) 

 -         ,  5     : 

1.  (Touch):  , , ,      

2.  (Taste) :       

 

3.  (Smell) :          

4.  (Hearing): ,        

5.  (Sight) : -    
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    (CLASSIFICATION OF SENSE ORGANS) 

          

(A)     (General and special receptors) 

           ,   ,      (cutaneous)  

      (general receptors)     -          

     (sensation)      

 , , ,      (special receptors)        ,   

    ,                    

       1                

       

(B)     (Types according to stimuli) 

  ,        -    ,          

: 

1.  (Mechanoreceptors) :     ( ),      ( )     

2.  (Chemoreceptors) :  ,           ( )  ,  

   ( )    .   

3.  (Photoreceptors) :       ( )      

4.  (Thermoreceptors) :        ( )   

5.   (Nerve endings) :     ( )   

(C)     (Types according to location) 

             :  

1.  (Exteroceptors) :                 ( , , 

,  )      , , ,          

   ,           

2.  (Proprioceptors) :  , , ,        (stretch)  

    (equilibrium)  -  (orientation)     (kinesthetic sense) 

       

(Thermoreceptors) : 
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3.  (Interoceptors) :             ,  CO2 , 

 ,    (fullness)                 

          

(D)     

(Somatic and visceral receptors) 

   ,                

  

                 ( )  -

   ( ),       

         ,   (Scoliodon),  (Rana),  

(Uromastix),  (Columba)   (Oryctolagus)             

       

 1.  (Stimuli)   (Location)    (Receptors)   (Sense Organs)  

 

    

(Sense Organs or 
Receptors) 

   

(Type)   

   

(Location)  

 

 (Stimuli)  (Functions) 

1.  (Skin) 

 (cutaneous) 

 
(mechanoreceptors) 

 

(thermoreceptors) 

 

(exteroceptors) 

 (contact) 

 (temperature) 

,    

    

 

2.  

(Muscles) 

 

(kinesthetic) 

 
(machanoreceptors) 

 

(proprioceptor) 
  

(mechanical stretch) 
    

 

3.  

(Tongue)  

(gustatory) 

 

(chemoreceptor) 

 

(exteroceptor) 
   (tasting) 

4.  (Nose) 

 (olfactory) 

 
(chemoreceptor) 

 

(exteroceptor) 
    

   

 (smelling) 

(Sense Organs o

(Oryctolagus) 
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5.  (Eyes)  

 (visual) 

 

(photoreceptors) 
 

(exteroceptor) 
  (seeing) 

6.  (Ears) 

 (auditory) 

-  - 

(statoacoustic) 
 

(exteroceptor) 
   

(gravity) 
   

7.  

(Visceral) 

  
(interoceptors) 

, , CO2 , 

   

  

  

 

 

          ,         

            

    . (OLFACTORY ORGANS IN VERTEBRATES) 

                    ,   

  (olfactory or nasal sacs),         (nares or nostrils)   

    -          ,        

       -  (lobe-finned)          -

    ,                 

, -           -   (neuro-sensory cells) 

   

      -       (kiwi)       

                  -    

      (river tributaries)               

 ( ,   , , , ,   )         

  , ,      -           

        (organs of Jacobson)  -   (vomeronasal organs), 

       ,   -     

    (GUSTATORY ORGANS IN VERTEBRATES) 

     -  (taste buds)        (taste)   

(gustation)                   , 

  ,        ,            -   

        -       -       

utaries) 

(GUSTATORY ORGANS IN VERTEBRATES)
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 , -  ,                

      V, VII, IX,  X            4 

    ( , ,   )        ,       

      ,        ,        

       ,     -        ,    

   

   (PHOTORECEPTORS OR EYES) 

                  : ()   . (median) 

 (ii)   (lateral)  

(A)   (Median eyes) 

    ,              (pineal) 

   (parapineal organs)              

(evaginations)     ( )   -            

        (image)             

  -             ,   (Sphenodon) 

,     (translucent)                   

 (parietal eye)   

(B)   (Lateral eyes) 

               (camera)        

                    

 (   )  ,    ( ,   ) ,     

 ,                       

1.     (Eyelids and tear glands) :         ,     

        

2.    (Refractive index and cornea) :           

     -                

       

3.    (Shape of lens) :              

          ,             

(translucent) 
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4.   (Method of accommodation) :               

,      -      ,        , , 
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         (sclerotic)       ,     

            (magnifying power)      

-     (STATOACOUSTIC ORGANS OR EARS) 

(A)   (In fishes) 

     (equilibrium),         (  2)      

 -  (otic capsules)    -         (membranous 

labyrinths)       

  

     3   (semicircular canals),     1  2 

,      (utriculus)      (sacculus)       

    (lagena)             (cochlea) 

        ( , , , )        

  (hydrophone)        -         (frequency)  

        (weberian ossicles)          

       4 (  5)         
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(B)   (In tetrapods) 

             (columella aures)   (stapes)  

   -       -     (fenestra ovalis)     

        (external auditory meatus)         

                  

(cochlearduct)       (organ of Corti)          

                , 

 (auricle)   (pinna)     -          

           -   -    (malleus), 

   (incus)     (stapes)   
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Chordate Adaptations : Scales & Fins  

   - (TYPES OF FINS) 

           ,         , 

,       

          : (i)   ,  (2)    

1.    (Unpaired median fins) :  -    -  1  2 -  (dorsal fins),  

  ( )     -  (anal fin),         -  (caudal fin)  

 -           -     -       

2.    (Paired lateral fins) :     -  (pectoral fins)     -  

(pelvic fins)     

   (Uses of fins) :  

     -               (steering 

device)   (rudder)        

             

          

 -              

 -      -     (glidding)      

     -   (claspers)        

  (remoras)   -       (adhesive disc)   (sucker)    

    -     (intromittent organ)   (ovipositor)   

 -      (Types of Caudal Fins or Tails) 

   -              (propulsion)    

       

        -     : ,    (  4)  

1.  (Diphycercal) :       -   (diphus = double, )  

    (protocercal : protos = first or primary,   )      

      

-                 (epichordal)    

 (hypochordal)       
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 ,  ,  ( )   ( - ),  , 

( ),             -      

            (unique), , 3-  

    

        -   (isocercal; Gr., iso = equal, )   

        

2.  (Heterocercal) :       -        -  

       -       (Gr., heteros = other, different, )    

  elasmobranchs,   (osteolepid)  ( . , Osteolepis), 

  ( . , Dipterus)    ( . , )   

(typical)   

 -  -    -    (bottom feeders)      

  -    (strokes)         

 

  -  (flying fish) Exocoetus,            

-  ( )       (glidings)           

3.  (Homocercal) :   (advanced)      (Gr., homos = common, alike, , 

)      ( )     
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                -    (epichordal) 

      

   (SCALES OF FISHES) 

                 :    

(epidermal)     (dermal)   

         (cornified)       , 

       

                    

 

          : , , ,       

1.   (Cosmoid scales) :          ,   

  (     )       

2.   (Placoid scales) :   elasmobranchs          

        (Thomboidal)             

       -       (sand paper)       

3.   (Ganoid scales) :      ( , )   

( )             

 4.   (Cycloid scales) :  ,        (concentric)  

   (marked)                 

          - ,   ( )     

 (carps),  (cods)      

5.   (Ctenoid scales) :      ,        

   (exposed)   ,    ,         

(Gr., ctenos = comb, )    

              ,   

(flounders),     ,           

   (Modifications of scales) :  

    -     ,   (  )  -  (catfishes) 

    ( )    (localized)    

 -  ( )  -  ( )   -          
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 -  ( )                

     ( )     -  (gill rakers)      
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 (RESPIRATION) 

                     

                  

     O2  CO2  -     

          -         

     O  CO2                 O2  CO2 

 -               , ,     ,  

       

     O2                   

            

I.    (General body surface) 

                       

  O2      CO2      

(i)    (Respiration in Eugleno) -             

  

    (Pellicle)           O2          

      CO2              CO     

      CO2        

(ii)    (Respiration in Neries) -              

        -  

(a)    (By Body Surface) -                  O2 

                       

      O2          CO2         

(b)   (Through Parapodia) -                   

       O2  CO2  -      

(iii)    (Respiration in hirudinaria) -             

           

                    

                        

           (Mucous)          

                

(iv)        (Dermal branchiae or gills of Asterias)-      

         (Papulae)            ,    (Dermal 

pores)      , ,                    

                



RPSC College Lect.-Zoology- Paper-I  [UNIT-2] Comparative Invertebrates 

Aadhar  Institute, 27, kisaan Marg, Tonk Road, Jaipur Phone: 9314503070   [32] 
in case of any doubt WhatsApp us at 9314503070 

  

(v)    (Respiration in Prawn) -                

   

(1)    (Branchiostegites)  

(2)  (Gills)  

(3)  (Epipodites) 

(1)    (Branchiostegites)-  (cephalothorax)        (gill chamber)    

,        , ,              (Epimeron)  

             -         

   (vascular )            (respiratory surface)    

       - -                   
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(2)  (Epipodites) -                    

     ,                   

     - -       

 (Gills) -       8    ,               

 7      

   (Types of gills) -                 

(1)  (podobranch)  

(2)  (Arthrobranch)  

(3)  (pleurobranch) 

(1)  (Podobranch) -       (coxa)    ,   (podobranch)     

                   

(2)  (Arthrobranch) -         (arthroidial membrane)        

               

(3)  (Pleurobranch)-            (walking legs)         

          5    

  (Branchial formula) --                     , 

   (Branchial formula)   

  

(Appendages) 

 
(Epipodite) 

 
(Podo-
branch) 

 
(Arthro-
branch) 

 

(Pleuro-
branch) 

 
(Total) 

1.    

(First Maxillepede) 

1    1 

2.    

(Second maxillepede) 

1 1   2 

3.   

(Third maxillepede) 

1  2  3 

4.     

(I walking leg) 

   1 1 

5.     

(II walking leg) 

   1 1 

6.     

(III walking leg) 

   1 1 

7.     

(IV walking leg) 

   1 1 

8.     

(V walking leg) 

   1 1 

 (Total) 3 1 2 5 11 
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 (Competence) 

                  

 induction          

1.   inducer            ? 

2.                         

     ? 

                        

                  

                      '  

       

                       

  

      (C.H. Waddington, 1905-1975)  1932   (Competence)    

                           

            ' '        (Competence is the 

ability of a part of the embryo to be induced)   

               (determinative stimulus or 

induction)             

Machemer     :-                 

DORSAL LIP                 (Primary 

Organizer)    

        DORSAL LIP           

                      (   

         )   -  (Late gastrula)       

  

  DORSAL LIP                 (   

-           )  

 

DORSAL LIP 
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DORSAL LIP 

1.      DORSAL LIP     (blastula)       

                        

     

                   (Lovtrup, 1974)   

          

(i)    (Precompetence stage of cell)  

(ii)   (Competence stage)  

(iii)   (Post competence stage)  

           

1.                    

                     

           (Neural Competence)   

  

1.             DORSAL LIP     

                   

    (           )   

2.      (     )       

  (Eye Vesicle)      (Lens),       (Ear Vesicle) 

        (Nasal Pit)   (Epidermis)     

1.                        

    (             )   

1.  DORSAL LIP         (Ectoderm)      

 (Mesoderm)  :  (Endoderm)        

  

   

          

         

         

            

        

        

   

        

'           
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1.               ( )        

                       

                      

       (           )   

2.         -   (   )         

      -         

3.                   

4.       (Epidermal Cells)   (      )  

   ,           

5.        (Nonspecific)      (Specificity)  

                      

                   

        '   

       - 

(a)    (Cell -Specific Competence) -            

           - 

(b)    (Stage-Specific Competence) -           

      -     

(c) -   (Species-Specific Competence) -            

   -      
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   (EMBRYOLOGY OF FROG  ) 

  (Rana tigrina)                 

             (copulatory pads)            

          (copulatory organs)            

(pseudocopulation or Amplexus)   

             

        (ejaculation)    (oviposition)    

                (Spawn)         3000-4000 

            -    -     1000  10,000    

                   

           

      -   

      -    

    -   

    -  

2.  (Fertilization)  

    (oviparous)       (external fertilization)    

          ,       ,        

      

             

    (Animal pole)      

         -     ,        

          (equator line)               

(Gray crescent)          (blastopore)    (dorsal lip)       

        

 

         

(i)          (Lifting of vitelline membrane and rotation of egg) 
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(ii)     (formation of fertilization membrane) 

(iii)      (completition of maturation division) 

(iv)  (amphimixis) 

(v)     (Bilateral symmetrization) 

3.  (Cleavage) 

       (holoblastic unequal division)     

   I  II               

      2½      

 

 

 IV  V    (double)    

 III           (micromeres)        (megamere)   

    

 V             
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M =  L =  V =   

4.  (Blastula) 

     (morula)     

                 (blasto coel)         

   

      (amphiblastula)   

5.    (Gastrulation)  

        

(i)                     

(ii)  (archenteron)      

(iii)         

(iv)           : 

 

(i)  (Epiboly) 

     (micromeres)                   

 (epiboly)    
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(ii)  (Invagination) 

                

   (archenteron)             -         

        

               

(iii)  (Involution)  

     -         ( )     

(rolling)                        

(rolling)    

 
       -  (convergence)  (divergence) 

               (convergence)    

                 (convergence)   

      (dorosal lip)              

 (archenteron)     
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difficult to figure out the restriction map. By randomly breaking it into smaller fragments and mapping 
those, a master restriction map could be deduced.  

24. Shotgun sequencing:  larger DNA fragment  sequence  larger fragment  
sequenced clone  smaller clone  sequencing  subclone 
overlap , larger piece  sequence  Note that some of the regions will get sequenced 
several times just by chance. 

25. Solution hybridization:  method RNase protection   method  RNA  complex population 
 EK specific mRNA species  level  specific radiolabelled probe  RNA  hybridize 

 single-strand specific nuclease enzyme   unhybridized probe RNA 
 protected probe  mixture   radioactivity 

 mRNA  amount  sensitive detection method  
26. Stringency:  term hybridization  (salt concentration  

temperature vary ) probe complement  hybridize  Temperature increase 
 salt concentration decrease hybridization reaction  selectivity  

stringency  
27. Transfection:  experimental DNA  cultured mammalian cells  experiments usually 

coding sequences  control regions (promoters, etc)  cloned DNA  
  cloned DNA  modification gene  

? 
28. Transient transfection: Cultured cells  DNA 2-3 days 

 2-3   DNA functional future  functional gene express  
Investigators take advantage of this transient expression period to test gene function. 

29. Upstream/Downstream: RNA ,  reference point  5' end  
point  orientation mRNA synthesis  translation  direction  show  DNA  situation 

  DNA  2 strands  strand  RNA  duplicate  
respectively upstream downstream  decide  Genome  2 adjacent genes  strands  
present   opposite direction   

 
30. Western blot:  particular type  protein  size, presence, abundance  method.  Southern 

 Northern blotting ,  (1) acrylamide gel  protein mixture electrophoresed 
,  (2) antibody, "probe"  use ,  radioactive secondary probe (  125I-protein A) 

follow    
 

SOUTHERN HYBRIDIZATION 

 technique  inventor, E.M. Southern ,  derive :  

 DNA-DNA hybridization   Southern blotting  gel  
nitrocellulose filter  DNA  transfer  blotting 
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  technique RNA (northern blotting)  proteins analysis (western blotting)  extend 
 , i.e., Southern  reverse, northern  historical  functional 

significance  reflect  
 Southern hybridization  sizes  fragments  DNA sample  polyacrylamide  

agarose gel   electrophoresis  Fragments generate  DNA sample 
 mechanical shearing  restriction endonuclease digestion   

 Agarose gel  hundred  20 kb  size  DNA fragments   ,  
polyacrylamide smaller fragments   1000-2000 kb  long DNA fragments 

 pulsed electrical field  field inversion  agarose gel  separate   

 

 Gel polymeric molecules  complex network   DNA fragments , 
  size   electric field  DNA molecules negatively charged   

 Smaller DNA molecules, larger ones   
 Known size  marker DNA fragments  separate lane  ,  interpolation  unknown 

DNA  size    
 Gels  intercalating dye ethidium bromide  stain  UV light  gel  illumination  

visible fluorescence , dye   band   detect 
 

  approach    DNA fragments   
 approach  single DNA molecule  closed circular (supercoiled), nicked (relaxed)  linear 

configurations   

 situations ,  sample  DNA fragments   ,  DNA sequence 
 complementary  e.g.,   transgenics  gene   , RFLP (restriction fragment 
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length polymorphism)   etc.  Southern hybridization  ,  
steps : - 

1. Agarose gel  DNA  restriction fragments (electrophoresis )  alkali treatment  single-
stranded form  denature  

2.   nitrocellulose filter membrane  transfer ;  buffer  saturated filter paper  
gel   ,  gel   nitrocellulose filter membrane   
membrane  dry filter papers  Capillary action  buffer bottom filter paper  gel 
move gel  denatured DNA  ; DNA nitrocellulose membrane 

,  buffer   blotting     
Membrane  bands gel  resolution (sharpness) minimal loss    

3. Blotting stack  nitrocellulose membrane  membrane  in vacua (   ) 80ºC  
bake  DNA  permanently immobilize  

4. Nitrocellulose filter membrane  single-stranded DNA high affinity  (Note  affinity 
RNA ). baked membrane  solution  treat  Ficoll (sucrose  
artificial polymer), poly-vinyl-pyrrolidone  bovine serum albumin  0.2% ;  mixture 

  nucleic acid  supplement ,  tRNA (pretreatment).  treatment radioactive 
probe  nonspecific binding  prevent  (  next step ) probably membrane  
free binding sites  macromolecules   mixture hybridization reaction  

  
5. Pretreated membrane  solution  radioactive, single-stranded DNA  

oligodeoxynucleotide (  DNA segment  nucleotides  nucleotides  )  probe  
,  Name probe  signify  DNA molecule gel/membrane  DNA fragment  detect 

identify  use  probe complementary  step  
  probe lowest non-specific binding  membrane complementary DNA  bind , 
 step  hybridization reaction   

6. Usually hybridization   high rate   initial hybridization reaction, hybridization  low stringency 
;  increasing stringency  post-hybridization washes  series 

 i.e. higher temperature  more commonly, lower ionic strength, related sequences  radioactive probe 
 pairing     complementary pairing  

7. Hybridization reaction , probes   membrane  wash  
Membrane  X-ray film  period  incubate ,  
radioactive probes  film  images    Distinct bands   film 

 ,  gel DNA fragments ,   
radioactive probes complementary   

   sheared  restricted DNA electrophoresis   ,  fragments 
size    bands  Distinct bands gel 

 fragment sequences  selected probe  hybridization reaction  
 Southern blotting technique sensitive  genome (even man )  single copy 

gene sequence  restriction sites  map    DNA finger 
printing , RFLP maps , transgenic individuals  transferred genes   
identification etc.  

 membrane materials, e.g., nylon membranes  features 
: - (1)  nitrocellulose filter membranes  physically  , (2) UV light  brief exposure  RNA 

DNA  cross-link ,  (3) in vacua baking , nitrocellulose 
membrane  case ,  (4) same membrane blot, e.g.,  membrane  gel  DNA/RNA 

signify 
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transfer  UV-exposure cross-link ,  probe   
,  probe  high temperature  denaturing procedure  remove ;  

nylon membranes 

NORTHERN HYBRIDIZATION 
 technique  gel electrophoresis RNA bands  membrane  transfer 

 e.g., diazobenzyloxymethyl (DBM) paper  nylon membranes  immobilized , bands  
radioactive single-stranded DNA probes  hybridize  hybridization show  bands  
autoradiography   

, northern blotting hybridization, Southern blotting technique  , 
: (1) Southern hybridization gel electrophoresis  DNAs  

 northern blotting  RNAs   (2) , Southern hybridization  blotting 
 DNA  denature ,  northern hybridization  step  ; (3) Nitrocellulose 

membrane  northern hybridization  ,  Southern hybridization 
 ;  (4) Probe  hybridization Southern  DNA : DNA hybrid molecules produce 

 northern hybridization  RNA : DNA molecules produce  

 

Initially, northern blotting paper (diazobenzyloxymethyl, DBM, paper  
aminobenzyloxymethyl paper  diazotization  prepare )   RNA nitrocellulose 
membrane  bind  RNA, DBM paper  covalently bound ,  blot transfers reusable 

 DBM, denatured DNA bind  ,  small DNA fragments  bind 
 nitrocellulose     nylon membranes DBM paper  , 
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   UV light  brief exposure RNA  bind (by cross-linking)  Northern hybridization 
RNA  identification  separation  useful  specific DNA probe  complementary ,  
DNA sequence  transcription detection  sensitive test  probe   

WESTERN BLOTTING 

 

Western blotting , proteins  polyacryiamide gel electrophoresis , nitrocellulose  nylon 
membrane (  strongly bind )  transfer  protein bands  antibodies, lectins  
compound  specific interaction   technique  steps : -  

1. Polyacryiamide gel electrophoresis  protein bands  
2. Protein bands  nitrocellulose  nylon membrane  transfer ,  Southern blotting 

(capillary blotting)  capillary movement ,   electrophoresis 
(electrophoretic blotting)  Electrophoresis Southern  northern hybridization  blotting 
step  ,  cases  low ionic strength buffer (electrophoresis  overheating 

 avoid )  nylon membranes (  nucleic acids high ionic strength  conditions  
nitrocellulose membranes  bind )   Proteins  nucleic acid  
electrophoretic blotting capillary blotting   

3. Specific protein bands  identify : -  
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(i) Specific antigens  detect  antibodies most commonly probes  use   
(ii)  Glycoproteins  identification  lectins  probes   probes  radioactive 

 radioactive molecule tag   
reaction   

 approach  species-specific secondary antibody  Staphylococcus aureus  protein A (protein 
A IgG antibodies   subclasses  bind )   streptavidin (  biotinylated antibodies  bind ), 
protein bands  bound antibodies  bind  

 secondary antibody molecules radioactive, enzyme  fluorescent tags  labelled ;  labelled 
molecules  single preparation probes  general detector 

COLONY HYBRIDIZATION 
 technique  plate  bacterial colonies    specific DNA sequence 

 bacterial colonies  bacteria   sequence genetic engineering 
   sequence hybridization experiment probe   

Colony hybridization  procedure : -  

1. Transformation  bacterial cells agar  plate  plate ,  
master plate  

2. Master plate  colonies  nitrocellular filter membrane   replica plate  agar medium 
  Replica plating , master plate  cork block velvet cloth 

 block  sterilize  master plate   ,  velvet  
colonies  touch , block  nitrocellulose filter  ,  
velvet sticking bacterial cells filter  transfer ,   master plate 

 Master plate  replica plate  reference point 
  

3. Colonies appear  filter agar plate   bacterial cells  lyse  alkali  
treat  cells released DNA  denature  

4. Filter  proteinase K  treat  proteins  digest  remove ; denatured 
DNA filter  bound  

5. DNA fix  filter  80° C  bake ;  relative positions bacterial colonies 
DNA-print ,  master plate  colonies  

6. Filter  radioactive probe  hybridize ; probe transformation  used DNA segment 
 represent  Unhybridized probe  remove  

7.  colonies  DNA probe  hybridize ,  autoradiography  detect ,  
colonies autoradiographs  
Autoradiograph  colonies  positions  masterplate , colonies 

 DNA segment  Colonies   
 phage plaques    
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DOT BLOT TECHNIQUE 
 technique non-fractional gel electrophoresis   DNA   DNA/RNA sequence  

   single test run  tissues/individuals   test 
 Dot blots  transgenic individuals transfer  sequence   

  individuals  single individual   tissues  specific mRNA 
  Dot blot  : -  

1. Different individuals  tissues  sample DNAs (  RNAs)  nitrocellulose filter dots   transfer 
,  samples  single filter  dot-blot  sample DNA  RNA  individual  

tissue  extracted total DNA  RNA  
2. DNA  denature  filter  DNA   80°C   

 Filter  probe  non-specific binding  , filter  pretreat   
3. Filter  hybridization favour  radioactive single-stranded DNA probe   

treat  Free probe  filter    
4.  DNA  RNA sequence  dots radioactive probes  hybridize  dots autoradiography 

 , autoradiograph  dot   sample  DNA  RNA    
5. Autoradiograph  dots individuals  tissues   probe   DNA  RNA 

sequence   Transgenic individuals  case , Southern hybridization  dot blot positive 
individuals     sequence 
genome  integrate  integrate       
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CHAPTER : 5 
CHROMATOGRAPHY  

Mikhail Tswett  1906  discover  plant pigments  separate  
Archer Martin  R.L.M Singe  1952  partition chromatography  develop  Nobel Prize 

:- two phases- stationary & mobile  Mass distributed adsorbed on material particle or absorbed into 
pores of particles. 
- Rate of travel of individual solute molecule through a column or thin layer of sorbent is directly 
related to partition of molecular between the mobile phase and stationary phase.  
Rf value =   Distance traveled by solute front 

     Distance traveled by mobile (solvent) front. 

Partition Chromatography (PC) 

Partition coefficient:  phase  solution  concentration  ratio. 
Partition chromatography  mobile phase (solvent)  sorbent  column  

 solute  partition coefficient   

Partition chromatography 
Stationary phase Mobile phase 
1. Water  
2. Water + Acid/alkali 
3. Aquatic alcohol 
4. Alcohol 
5. Glycols (ethylene, propylene glycols) 

Alcohols  (n-butanol, isobutanol 
Hydrocarbon 
Ethyl acetate 
Ethylene glycol monomethyl ether pyridine. 

Compounds : 
1. Coloured components  
2.  UV. Lamp  
3. Chemical treatment (phenol may be developed by ferric chloride and vice versa)  
4. Viscocity, density  Refraction index  
5. Radio isotopic   

ADSORPTION CHROMATOGRAPHY 
Stationary phase solid  mobile phase  liquid  gas components seperation differential 
absorption  distribution coefficient 

 

 substance  temperature concentration depend  A  B  graph 
 linear  concave  convex  adsorption coefficient 

:-  

3. Aquatic alcohol
4. Alcohol

Glycols (ethylene, propylene glycols)

Water + Acid/alkali
Aquatic alcohol
Alcohol

Stationary phase

Water + Acid/alkali

Partition chromatography

partition coefficient 

concentration 
mobile phase (solvent) 

rtition Chromatography (PC)

concentration 
mobile phase (solvent) 

rtition Chromatography (PC)

concentration 

rtition Chromatography (PC)

related to partition of molecular between the mobile phase and stationary phase. related to partition of molecular between the mobile phase and stationary phase. 
l solute molecule through a column or thin layer of sorbent is directly 

related to partition of molecular between the mobile phase and stationary phase. 
l solute molecule through a column or thin layer of sorbent is directly 

related to partition of molecular between the mobile phase and stationary phase. 

Ethylene glycol monomethyl ether pyridine.Ethylene glycol monomethyl ether pyridine.Ethylene glycol monomethyl ether pyridine.Ethylene glycol monomethyl ether pyridine.

butanol, isobutanol
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a.  substance  concentration 
b. System  components  

 adsorbent :- 
1.  examine  solution  elution  solvent  

3.  Chemically inert  
 
Because adsorption coefficient is affected by  
1. Concentration of substance sought. 
2. Pressure of other components in the system. 
 
Requirement of satisfactory adsorbent are:- 
1. It should not be soluble with the solution under examination and with the solvent used for elution. 
2. It is desirable to be colorless.  3. Should be chemically inert. 

 adsorbent   Sucrose, Cellulose, Starch, CaCO3, CaSO4, Ca3(PO4)2, CaO, Charcoal. 
Mobile phase :- 
1. Solvent should satisfy the practical factors such as suitable viscosity, stability comparability with detection 
solubility with respect to the sample. 
2.  resolution provide   
 
Column efficiency :-  
8. Column dimension                  2. Column packing  particle size  
3.  Adsorbent  activity                4. Column            
5.  Solvent  quality     6. Column  packing 
 
Column chromatography :-  
a. Adsorbent nature    b. Solvent  nature  
c. Column  solvent  flow     d. Column  dimension  
e. Adsorbent particle size   f. Seperation  column  temperature 
 

ADSORPTION CHROMATOGRAPHY 
a. Partition chromatography easy   
b.  solid  mobile phase use  uniform  reproducible  
c.  molecules  mixture  seperation  
d.  sample  partition chromatography suitable   
e. components  mixture  seperation  use  polarity  structure widely differ   
 

PARTITION CHROMATOGRAPHY  
1. Adsorption chromatography  resolution  
2. Mixture  low concentration  use   

Column 
8. Column 
3.  Adsorbent 
5.  Solvent 

Column efficiency 
Column 

solubility with respect to the sample.

efficiency 

1. Solvent should satisfy the practical factors such as suitable viscosity, stability comparabi
solubility with respect to the sample.

resolution provide 

1. Solvent should satisfy the practical factors such as suitable viscosity, stability comparabi
solubility with respect to the sample.

Sucrose, Cellulose, Starch, CaCO

1. Solvent should satisfy the practical factors such as suitable viscosity, stability comparabi

Sucrose, Cellulose, Starch, CaCO

It should not be soluble with the solution under examination and with the solvent used for elution.
3. Should be chemically 

Sucrose, Cellulose, Starch, CaCO

It should not be soluble with the solution under examination and with the solvent used for elution.
3. Should be chemically 

It should not be soluble with the solution under examination and with the solvent used for elution.

b. Solvent 

6. Column packing

2. Column packing 

packing

2. Column packing particle size 
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3.  molecular weight  partitioning  affect  homologous series  seperation 
 Adsorption non-polar  polar molecules  use  partition 

polar molecules  

Elution:- Columns  elute :-  
1.  simple  single solvent column  flow  ion exchange gel 

chromatography  use   

2. Stepwise  Batch elution  Preparatory purpose  solvent use 
  arrange  volume  material elute  

3. Gradient elution   solvents  ratio change  solvent  components 
 conc.   

1. Support of columns and its character sties define the type of marks that can be done by them. Their size is 
described as mesh size. Size of particle that can pass through standard sieve.  

50  100 mesh  Preparative application  high flow rate.  

100-200 mesh  Analytical work  standard material. 

200  400 mesh   resolution  analytical work  

> 400 mesh   resolution  HPLC  
*  particle  surface to volume ratio  

flow rate  seperation  mobile phase  molecules  stationary phase  
molecules  equilibrium  

PAPER CHROMATOGRAPHY 
- Matrix specially  filter paper  
- Result of difference because of partition coefficient 
Procedure = paper drop  close chamber  migration   
Chamber ascending      
Chamber descending      
Chamber Radial           central spot  flow  

=  paper  capillary action   

     

 

PAPER CHROMATOGRAPHY
Matrix specially 
Result of difference because of partition coefficient

Procedure

PAPER CHROMATOGRAPHY
Matrix specially 

equilibrium 

PAPER CHROMATOGRAPHY

equilibrium 

surface to volume ratio 
seperation 

analytical work 

surface to volume ratio 

standard material.

analytical work 

HPLC 

high flow rate. 

standard material.

analytical work 

. Size of particle that can pass through standard sieve. 

high flow rate. 

standard material.

Support of columns and its character sties define the type of marks that can be done by them. Their size is 
. Size of particle that can pass through standard sieve. 

high flow rate. 

Support of columns and its character sties define the type of marks that can be done by them. Their size is 
. Size of particle that can pass through standard sieve. 

Support of columns and its character sties define the type of marks that can be done by them. Their size is 
. Size of particle that can pass through standard sieve. 

solvent 

Support of columns and its character sties define the type of marks that can be done by them. Their size is 

material elute 

solvent components 

material elute 

components 

capillary action 
flow 

capillary action 

migration migration 
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CHAPTER : 6 
 
 

BACTERIAL GENETICS  
 

 
 
 

TRANSFORMATION 
Transformation esa ,d recipient }kjk fn;s x;s, free naked DNA dks donor vius vUnj xzg.k dj ysrk gSA ;s bacteria esa genetic 
exchange dk igyk example FkkA igyh ckj 1928 esa Griffith us bls izk;ksfxd :i ls fl) fd;k FkkA mUgksaus ik;k fd ftu Pneumococci 
bacteria esa capsule gksrh gS oks smooth (S) appearance strain ds gksrs gSa vkSj ftu pneumococci esa capsules ugha gksrs oks rough (R) 
strain ekus tkrs gSaA  

 
ii. Type I/Smooth capsuled pneumonia, virulent ;k tkuysok ik;s x;s vkSj muds infection ls mouse dh èR;q gks tkrh gS, ijUrq rough 

strain pneumococci (type II) gkfujfgr ik;s x;sA  
iii. Griffith us ;g Hkh ik;k fd tc mouse esa live non-capsulated (R, type II)  strains vkSj heat killed capsulated (S, type I) strains 

dk mixture inject fd;k tkrk gS rks Hkh mouse dh death gks tkrh gSA  

iv. vxj bu nksuksa bacterias dks vdsys inject fd;k tkrk gS rks mouse dh death ugha gksrh ijUrq budk mixture ?kkrd gksrk gSA Capsule ds 

lkFk dqN live S strains dks isolate fd;k x;k, animal ds blood esa ls ftlls irk yxk fd dead S cells ds dqN factors R strain dks S 
type esa convert dj nsrs gSaA Factor ftldh otg ls ;s transformation gqvk oks DNA gS, ;s Avery, McLeod vkSj McCarty us 1944 esa 
crk;kA 

Transformation ,d izdkj dk gene transfer gS tks fd donor cell }kjk fn;s x;s DNA dk recepient cells }kjk uptake djus dh otg ls 
gksrk gSA dqN bacteria (tSls: Bacillus, Haemophilus, Neisseria, Pneumococcus) environment esa ls DNA ys ldrs gSa vkSj fy;k x;k 
DNA recipient ds chromosome esa incorporate gks tkrk gSA  
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Åij fn;s gq, Transformation esa fuEu steps fufgr gksrh gSa:  
1.  tc Donor bacterium ej tkrk gS vkSj degrade gksus yxrk gSA  
2.  Dead donor bacterium dk ,d DNA fragment (T;knkrj 20 genes long gksrs gSa) DNA binding proteins ls bind gks tkrk gS tks 

component living cell dh cell wall ij mifLFkr gksrs gSaA  
3.  fQj nuclease enzymes bound DNA dks fragments esa dkV nsrk gSA   
4.  ,d strand u"V dj nh tkrh gS vkSj nwljh recipient bacterium esa izos’k gks tkrh gSA  
5.  Rec A protein, donor DNA ds fragment vkSj recipient's DNA ds chp esa genetic exchange (recombination) c<kok nsrk gSA dqN 
bacteria, naturally gh DNA ys ysrs gSa] ijUrq ;s bacteria viuh growth cycle (log phase)  ds particular time ij gh DNA ys ldrs gSa tc 
oks ,d specific protein competence factor mRiUUk djrs gSaA Gram positive vkSj gram negative }kjk DNA dk uptake different gksrk gSA  
Gram positive bacteria esa DNA ,d single stranded molecule dh rjg fy;k tkrk gS vkSj complementary strand, recipient esa gh 
cukbZ tkrh gS, ijUrq Gram negative bacteria esa double stranded DNA gh fy;k tkrk gSA 

 
Mapping by Transformation: Transformation mapping dh tkudkjh ls ge known genotype ds bacterial strain ds DNA dks 

nwljs known genotype ds strain esa tksMrs gSa, ijUrq ;s buds 2 ;k T;knk loci ij different allele gksaxsA ge fQj ns[ksxsa fd donor allele dk 
recipient strain ds bacteria esa lekos’k (incorporation) gks ldrk gS D;k? ftruk T;knk]] 2 loci ds alleles host esa lkFk&lkFk lekos’k 
(incorporate) gksrs gSa] mrus gh T;knk ;s loci ,d nwljs ds ikl gksrs gSaA blhfy, ge index of co-occurrence tks fd map distance ds lkFk 

foijhr laca/k esa gS, dk mi;ksx dj ldrs gSaA ftruh T;knk co-occurrence gksxh, mlus gh T;knk 2 loci ikl gksaxsA 

1. lcls igys, gesa DNA ysuk gksxk – ge ;s fdlh vPNs ls bacteria isolate djds dj ldrs gSaA Transformation }kjk mapping mu fLFkfr;ks 
esa dh tkrh gS tcfd conjugation ;k transduction }kjk ;g laHko ugh gksrkA 

i. Donor DNA dks fudky dj purify djds fragments esa rksMk tkrk gS tks recepients ds lkFk incubate djus ij mlesa pyk tkrk 
gSA blls donor vkSj recipient esa igpkus tkus ;ksX; phenotypic (genotypic Hkh ) vUrj fn[kus yxrs gSA 

ii. vxj DNA fragment vUnj tkdj recipient chromosome ds lkFk homologous recombination djrk gS rks recipient ,d 
u, phenotype dks fn[kk,xk ftls vyx vyx testing }kjk irk yxk;k tk ldrk gSA 

2. dqy cells ftUgs ,d u, DNA ls expose fd;k tkrk gS mudk cgqr de izfr’kr gh complete transformation dj ikrk gSA 
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3. Transformation experiments ;g lqfuf’pr djus ds fy, fd, tkrs gS fd  

 genes linked rks ugh gS 
A. Transformation NksVs DNA fragments ftuesa dqN gh genes gksrs gS ds lkFk lcls vPNk dke djrk gSA 
B. Co-transformation nks genes ds ,d nwljs ds ikl gksus dk indicateon gS bls xf.krh; :i ls analyse fd;k tk ldrk 

gSA 
A. izk;ksfxd :i ls nks genes vxj cgqr ikl gS rks co-transformation dh laHkkouk,Wa gekjh vk’kkvks ls Hkh T;knk gksxhA 
B. ;fn co-transformation dk rate genes ds vyx&vyx transformation rate ds cjkcj gS rks bldk eryc gS fd os 

genes linked gSA 
 Genetic map ij genes dk order fudkyuk 

1. ekuk fd nks genes (p+q) co-transform gksrs gS vkSj linked gS buesa ls ,d (ekuk q) gene o ds lkFk co-transformation 
show djrk gS rks muds chp dk distance mudh co-transformation frequency ds vuqlkj analyze fd;k tkrk gS tSls fd 

gene p vkSj o rarely co-transform gksrs gS rks gene order gksxk p-q-o 
2. vxj p vkSj o frequency co-transform gksrs gS rks gene order gksxk p-o-q 

 Genes ds chp dk map distance recombination frequencies }kjk fudkyk tkrk gSA 

 
CONJUGATION: 

Bacterial conjugation, DNA dk ,d living donor bacterium ls living recipient bacterium esa transfer dks dgrs gSaA  
Leiderburg and Tatum us E-coli ds nks auxotrophic mutant dk iz;ksx djrs gq, conjugation dh [kkst dhA 

a) Strain A’s genotype  met bio thr+ leu+ thi+ FkkA. ;g methionine vkSj biotin }kjk supplement fd;s gq, minimal media ij 
grow djrk FkkA 

b) Strain B’s genotype   met+ bio+ thr leu thi FkkA;g thrionine, lucine vkSj thymine }kjk supplement fd;s gq, minimal media 
ij grow djrk FkkA 
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c) strain a vkSj b dks mix fd;k x;k vkSj minimal media ij plating djus ls 1/106 cells met+, bio+, thr+, leu+, thi+ phenotype 
okyh izkIr gqbZA 

d) uk rks strain a vkSj uk gh strain b minimal media ij grow dj ldrk FkkA blls fl) gqvk fd ;g u;k phenotype recombination 
dh otg ls iSnk gqvk FkkA 

a) Davis us ;g tkWap dh fd cell to cell contact dh vko’;drk gS ;k ughA 
A. blds fy, mUgksus strain a dks filter ds ,d rjQ vkSj strain b dks nwljh rjQ j[kkA bl filter ds vkj ikj molecules rks xqtj ldrs Fks 

ysfdu cells ughA 
B. tc cells dks minimal media ij plate fd;k x;k rks fdlh rjg dh prototrophic colonies izkIr ugh gqbZA 

 
b) Plasmids double-stranded circular DNA dk ,d small autonomously replicating circular piece gksrk gSA 

Conjugation esa plasmid dk ,d donor bacterium ls recipient bacterium esa transfer gksrk gSA Gram-negative 
bacteria esa plasmid dk transfer bacteria ds same strain ;k closely related strains es gh gksrk gSA dqN plasmids 
dks F factor (F plasmid, fertility factor ;k sex factor) dgk tkrk gS D;ksafd buesa ,sls genes gksrs gSa tks [kqn ds transfer 
esa enn djrs gSaA  
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c) ,d cell esa F factor Lora= :i ls replicate djrk gSA ;s genes sex pilus vkSj t:jh enzymes ds fy, code djrs gSaA 

ftu cells esa F plasmids, F+  gksrk gS oks male gksrs gSa vkSj donors dh rjg dk;Z djrs gSaA ftu cells esa ;s plasmid 
vuqifLFkr gksrk gS oks F- (female) gksrs gSa vkSj recipient dh rjg dk;Z djrs gSaA os lHkh plasmids, ftudh otg ls mudh 
host cell, conjugation ds nkSjku donor dh rjg dk;Z djrh gS, oks transfer factor dgykrs gSaA gj F+ Gram negative 
bacterium esa 1 ls 3 sex pili gksrs gSa] tks fd recipient bacteria ij mifLFkr fo’ks"k outer membrane protein ls tqM+rs gSa 

vkSj mating dh 'kq:vkr djrs gSaA fQj sex pilus, okil [khap fy;k tkrk gS ftlls nksuksa bacteria laidZ esa vk tkrs gSa vkSj 

nksuks, cells esa lh/ks envelop to envelop laidZ gks tkrk gSA  
d) Gram-positive bacteria esa dqN fpifpis surface molecules L=kfor gksrs gSa, tks fd nks bacteria dks ikl (contact) esa 

ykrs gSaA Gram-positive donor bacteria, adhesins produce djrk gS tks fd mUgsa bdÎk  djokrk gS vkSj bl nkSjku sex 
pilli 'kkfey ugha gksrsA fQj DNA, donor ls recipient esa LFkkukarfjr gks tkrk gSA  

e) Plasmid-mediated conjugation, Bacillus subtilis, Streptococcus lactis vkSj Enterococcus faecalis esa ik;k tkrk 

gS vkSj Gram-positive bacteria esa Gram-negative bacteria dh rqyuk esa de ik;k tkrk gSA 
   
F+ conjugation: 
bldh otg ls ,d F+ plasmid (tks flQZ sex pilus ds fy, coding djrk gS) dk donor bacterium ls female recipient bacterium esa 
LFkkukarfjr gksrk gS ysfdu chromosomal DNA dk ughaA Plasmid dh nksuksa strands separate gks tkrh gSa vkSj ,d strand recipient 

bacterium esa izos’k gks tkrk gS vkSj 5’ ls 3’ direction esa c<rk tkrk gS ysfdu ,d strand donor esa gh jgrh gSA nksuksa donor vkSj 
recipient cells nksuks esa complimentary strand la'ysf"kr gks tkrs gSaA fQj recipient Hkh ,d F+ male cu tkrk gS vkSj sex pilus cuk ldrk 

gSA Conjugation ds nkSjku flQZ DNA gh donor ls recipient esa pass gksrk gS, uk fd cytoplasm ;k dksbZ cell material.  

Mating pairs dks force }kjk gh vyx fd;k tk ldrk gS ftlls conjugation :d tkrk gS vFkkZr~ mating pairs cgqr FkksMs le; ds fy, gh tqM+s 

jgrs gSaA Conjugation ds ckn, cells vyx gks tkrh gSA vxj successful conjugation gksrk gS rks recipient F+ cu tkrk gS vkSj donor F+ cuk 
jgrk gSA 

Hfr (high frequency recombinant) conjugation: 
a) tc fdlh recombination event ds }kjk Plasmids, bacterial chromosome ds lkFk integrate gks ldrk gS,  
b) ;g integration nksuksa DNA ds chp dh homology ij fuHkZj djrk gSA Integration ds ckn nksuksa plasmid vkSj chromosome, ,d single 

unit dh rjg replicate djrs gSaA ,d plasmid tks fdlh chromosome esa integrate(tqMus) djus esa l{ke gksrk gS mls episome dgrs gSaA 

vxj F-plasmid chromosome esa integrate(tqM tkrk gS) gksrk gS rks mls Hfr cell dgrs gSaA Integration ds ckn, nksuksa chromosome vkSj 
plasmid dks recipient cell esa conjugally transfer fd;k tk ldrk gSA bUgs Hfr cell blhfy, dgykrs gSa D;ksafd os chromosomal genes 
dks high frequency ls recipient cells esa conjugally transfer dj ldrs gSaA  
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c) DNA dks origin of transfer ij dkVk fd;k tkrk gS vkSj fQj DNA replicate gksrk gSA ,d DNA strand, F– cell esa cytoplasmic bridge 
ds }kjk pass gksrh gS, tgka complementary strand dk la'ysf"kr gksrk gSA Integrated plasmid ds lkFk gh, chromosome Hkh F– cell esa 
tkrk gSA iwjk gh chromosome ds transfer gksus ls igys gh bacterial connection VwV tkrk gSA blfy, F+ plasmid dk cpk gqvk dHkh 

dHkh gh recipient esa izos'k gks ikrk gSA T;knkrj Hfr chromosome ds lkFk lkFk plasmid dk flQZ ,d NksVk fgLlk gh, conjugation ds 

nkSjku recipient cell esa transfer gksrk gSA blfy, recipient cell iwjk F factor receive ugha dj ikrsA 
d) Conjugation ds ckn Hfr cell, Hfr gh jgrh gS vkSj F– negative cell Hkh F+ ugha curk vkSj F– gh cuk jgrk gS, ijUrq transferred 

chromosome dk fragment, F– cell ds chromosome ls recombine gks tkrk gS ftldh otg ls recipient cell esa dqN ubZ 
properties transfer gks tkrh gSA 

  tc chromosomal material recipient cell esa gksrk gS, rks recombination gks tkrk gS: 

► Recombination, double stranded gksrk gSA 
► Donor genes, recipient cell esa recombine gksrs gSaA 
► Recipient cell ds corresponding genes, chromosome ds ckgj recombine gksrs gSa vkSj fQj cell esa reabsorb gks tkrs gSaA  

 
Interrupted Mating Mapping 
1  Conjugation start gksus ds lkFk gh tks genes origin of replication site (replication dh fn’kk esa) ds ikl gksrs gSa oks pili esa ls lcls 

igys move gksrs gSaA  
2.  ,d set time ds ckn, conjugation  vo:) gks tkrk gS, tks genes origin of replication ds close ls, flQZ ogh conjugate djsaxsA ftruk 

yEck le;, mruh gh T;knk mudh conjugate djus dh ability gksxhA 
3.  Notice djks fd dkSu ls genes recombine gq,, vkSj tks genes recombine gq, oks origin of replication ls X distance (conjugation 

time-distance) dh nwjh ij fLFkr gksaxsA  

 
F-plasmids ds different strains vkSj interrupted mating technique, mi;ksx djds ge chromosome ij genes dk Øe fu/kkZfjr dj ldrs 
gSaA 
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इकोटोन तथा एज Ůभाव (Ecotone and Edge Impact) 

इकोटोन वह ̾थान है जहां दो समुदाय आपस मŐ िमलते हœ तथा एक दूसरे से Ůभािवत Ɨेũ होते हœ इस Ɨेũ मŐ दोनो ंसमुदाय के कारक 

उपİ̾थत रहते हœ व इनकी वान˙ित भी दोनो ंसे िभɄ पायी जाती है। जैसे जलाशय व ̾थलीय समुदाय जहां िमलते हœ वहां के पादप 

दोनो ंसे िभɄ पाये जाते हœ इसी Ůकार पहाड़ो ंकी तराई Ɨेũ मŐ भी िविशʼ Ůकार के पादप िमलते हœ। इकोटोन मŐ िमलने वाले पादप 

अनुकूलन की ̊िʼ से अǅी तरह से अनुकूिलत होते हœ। इन Ɨेũो ंमŐ पादपो ंकी संƥा सामाɊतः  अिधक िमलती है िजसे िलयोपोʒ 

(1933) मŐ ने एज़ Ůभाव (Edgeeffect) का नाम िदया। इकोटोन मŐ अिधक संƥा मŐ पादपो ंकी उपİ̾थित इसी एज़ Ůभाव के कारण 

įरपोटŊ की गयी। पेटन (Patton) (1975) के अनुसार इसका Ůभाव दोनो ंसमुदाय के समान (common) Ɨेũ का फैलाव, लɾाई व 

Ůकृित पर िनभŊर करता है। केनोपी कवर (Canopy cover)- यह जमीन पर Ůितशत ŝप मŐ पादप Ȫारा घेरा गया ̾थान केनोपी 
कहलाती है यह लीफ एįरया इनडेƛ (Leaf area index) Ȫारा िनकाला जाता है। 

 

जैव िविवधता सूचकांक (Biodiversity Index)  

समुदाय की जैव िविवधता घनȕ Ȫारा िनɻ िविधयो ंȪारा ǒात की जाती है 

(i)  शेनन िववर सूचकांक (Shannon weaver index) 

 

यहाँ H-एकल जाित की िविवधता सूचकांक है 

H1 = एक जाित की खुद का घनȕ  

n = सभी जाितयो ंका कुल घनȕ  

(ii)  िसɛन सूचकांक (Simpson index) 

D = 1 – S (pi)2 

D सूचकांक संƥा, S जाित के सद˟ो ंकी सƥा p = i जाित के सभी सद˟ो ंका अनुपात यिद िकसी समुदाय मŐ जाित A के 4 सद˟ 

है तथा जाित B के 1 सद˟ है तो 

(iii)  ओडम का सूचकांक (Odum index) 

 

िविवधता का आंकलन (Measurement of diversity) 

िकसी पाįरİ̾थितकी तंũ की िविवधता ǒात करने के िलये सवŊŮथम िकसी सवŊŮथम समुदाय की पादप जाितयो ंकी संƥा को 
ǒात करते हœ तथा घनȕ िनकालते है तȋʮात शेनन 

िविवधता इȵेƛ इस Ůकार िनकाला जा सकता है। 

पाįरİ̾थितक तंũ I II III 

(1) केिशया जाित 30 80 2 

(2) एकेिशया जाित 20 60 120 

(3) टेůोिशया जाित 10 60 60 

(4) एनोजीसस जाित 40   

   बŠलता (Richness) 4 3 3 

   समानता 0.92 0.88 0.99 

   िविवधता (H) 0.56 0.39 0.47 

H= – pi log pi, pi = n1 /n जहां n1 Ůȑेक जाित का घनȕ तथा n सभी जाितयो ंका घनȕ है।  
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ECOLOGICAL SUCCESSION 

ECOLOGICAL SUCCESSION IN A COMMUNITY 

Hult (1885) us tc Southern Sweden dh communities dk v/;;u fd;k rc “Succession” dh term dks igyh ckj 
iz;ksx fd;kA However, succession dh authentic study dks Cowles (1899) vkSj Clements (1907) us America esa 
'kq: fd;kA  

ifjHkk"kk : fdlh {ks= fo'ks"k esa] ,d fuf'pr le; ds fy;s vyx vyx iztkfr;ksa dh ,d Øec) Jà[kyk dks succession dgrs 
gSA  

SERE: ;g plant-succession dk fo'ks"k mnkgj.k gSA 'kCn sere dks plant communities dh Jà[kyk ds v/;;u gsrq o.kZu 
djrs gSA  

As:  In water - Hydroseres;  

      In dry condition Xeroseres;  

      On rock surface Lithoseres.  

Sere 'kCn plant communities dh sequence dk o.kZu djus ds dke vkrk gSA Ecological succession ls lEcfU/kr 
egRoiw.kZ fl)kUr  

Important General Principles Associated with Ecological Succession 

1. ,d fof'k"V LFkku esa dkSu lh iztkfr ekStwn jgsxh] ;g ogk dk physical environment Kkr djrk gSA  

2. Succession community fu;af=r gksrk gS, ;kfu succession vkl ikl ds physical environment ds 
modification ls environment dks cnyrk gS, rkfd environment orZeku community ls ,d vyx community 
ds fy, favorable gks tk;saA   

3. Ecological succession directional gksrk gS - vkSj blfy;s predictable gksrk gS.  

4. Succession ,d LFkkfir iztkfr esa [kRe gksrk gS, ftls ecological climax dgrs gSA ;g {ks= fo'ks"k ds physical 
environment ds lkFk equilibrium esa gksrk gS vkSj [kqn dks fLFkj j[krk gSA  

 lkekU;r% area ds external disturbance, e.g., fire dh otg ls og area igys dh successional stage 
esa pyk tkrk gSA Ecosystem dh ;g stage ,tgk¡ oks equilibrium esa gks] esa jgus dh tendency 
Homeostasis (developing vkSj maintaining stability) dk vPNk mnkgj.k gSA 

5. ftruh T;knk  diversity gksxh mruh T;knk stability gksxh 

Types of Ecological Succession 

1.  Primary Succession: ml {ks= esa 'kq: gksrh gS, tks igys fdlh iztkfr ls Hkjk gqvk ugha gksrk, e.g., newly 
exposed rock. ogk¡ dksbZ e`nk ugha gksrhA eǹk] VwVh gqbZ pV~Vkuksa + organic matter (humus vkSj small living 
organisms) dk feJ.k gSA ogk biological material ds mRiknu lkFk lkFk  primary succession cgqr /khjs /khjs gksrk gS,  

2.  Secondary Succession: ml {ks= ij 'kq: gksrk gS tgk¡ igys ls gh ,d community jgrh Fkh ;g igys ls LFkkfir 
soil ij 'kq: gksrk gSA blesa primary succession dh rqyuk esa biological material dk mRiknu cgqr T;knk gksrk gSA  

Ecological succession esa progressive development dks fuEu izdkj crkrs gS: -  

(a) eǹk esa eq[; :i ls fodkl ds nkSjku] xgjkbZ dk c<+uk] dkcZfud inkFkZ dk c<uk vkSj vyx vyx lrgksa ds foHksnu dk 
c<uk gksrk gSA Plant communities ds strata esa origin, height, massiveness & differentiation lHkh c< tkrs 
gSA 

(b) /kjkry ds ikS/kksa dk ?kuRo c<rk gS rks iztkfr esa microclimate dks ml iztkfr dh fo'ks"krkvksa ls Kkr djrs gSA  
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(c) blesa species dh diversity simple ls complex (in early succession) ;k richer community (of late 
succession ;k mature) gksrh tkrh gSA 

(d) Pioneer stages dh population vkSj density le; ds lkFk space ds gradient ds lkFk lkFk c<rh ?kVrh jgrh 
gSA interspecific vkSj intraspecific competition ds dkj.k ,d nwljs dks replace djrh gSA Succession ds nkSjku 
replacement dh rate /kheh gksrh tkrh gS, bl izdkj smaller & ephemeral (short-lived) pioneer species dk 
replacement larger & longer-lived ls gks tkrk gSA  

(e) blds ifj.kke Lo:i, communities dh relative stability c< tkrh gS vkSj final community ftls ‘climax stage’ 
dgrs gSA  

PATTERNS OF SUCCESSION 

Succession dks habitat ds type & moisture dh vyx vyx ek=k ds vk/kkj ij fuEu izdkj ls ifjHkkf"kr djrs gS: — 

HYDROSERE: ;s pond esa 'kq: gksrs gS, ;g dqN phytoplanktons ds colonization ls 'kq: gksrk gS, ftlesa ferns 
pioneer community gksrh gS vkSj vuUr% ;s forest ;k climax community esa terminate gks tkrs gSA Hydrosere dh 
vyx vyx stages fuEu gS:  

(1) Phytoplankton stage:  ;s pioneer community dks cukrs gS, pond ds primitive medium esa dqN blue green 
algae, green algae, diatoms vkSj bacteria lcls igys colonize djrs gSA Soils dh pH 5 ls vf/kd rd de ugha 
gksrh gSA ;s dqN le; ds fy, multiply & grow djrs gSA 

(2) Rooted submerged stage: Death & decay ds ifj.kke Lo:i phytoplanktons dk composition vkSj vkl 
ikl dh Hkwfe ls vkus okyk rain water vkSj pond water ds wave action ls budh mixing silt ds lkFk gks tkrh gSA 
;s rkykc ds uhps ls soft mud ds :i esa fodflr gksrh gSA ;s ,d u;k vkokl gS tks gYdk mFkyk gS vkSj tgka izdk'k 
vklkuh ls izos'k ugha dj ldrk gSA ;s rooted submerged hydrophyte ds fodkl ds fy, mi;qDr gSA tSls: - 
Myriophyllum, Elodea, Hydrilla, Potamogeton,Vallisnaria vkSj Ultricularia etc. ;s plants vkxs death 
& decay ls substratum cukrs gSA bl habitat esa bu plants dk replacement nwljs izdkj ds plants gks tkrk gS 
tks floating-leaved types ds gksrs gSA  

(3) Rooted floating stage: vc ikuh dh xgjkbZ yxHkx 2-6 feet gSA ;s ikS/ks rhizomes ds }kjk bl habitat esa 
colonise gksrs gSA ;s lHkh rooted hydrophyte gksrs gS, ftudh cMh ifŸk;k¡ ikuh dh lrg ij rSjrh gSA Example: - 
Nelumbo, Nymphaea, Limnathemum, Aponogeton, Monochoria, Trapa etc. dqN free floating 
species tSls Azolla, Lernna, Wolffia, Pistia, Spirodella, Salvinia Hkh rooted plants ds lkFk lEcfU/kr gks tkrs 
gSA vc ikuh dh lrg cgqr de gksus ls rkykc mFkyk gks tkrk gSA bu ikS/kksa dh eR̀;q ls decomposing organic 
matter izkIr gksrs gS, tks fd vkSj vkxs substratum cukrs gSA bl izdkj, bl {ks= ls rSjus okyh iztkfr vHkh ;k ckn esa 
foyqIr gks tkrh gSA 

(4) Reed swamp stage: bls amphibians stage Hkh dgrs gS, pwafd blesa plant community rooted gksrh gS, ij 
budk T;knkrj rus okyk Hkkx (assimilatory organ) gok ls expose gksrk gSA bl fLFkfr esa ikS/ks tSls fd Scirpus, 
Typha, Sagittaria vkSj Phragmites etc. gksrs gSA budk rhizome vPNh rjg fodflr gksrk gS vkSj ;s ,d dense 
vegetation cukrs gSA vc ikuh dk Lrj vkSj T;knk de gksus ds dkj.k ;s vUrr% bu amphibians species ds fodkl 
ds fy;s vuqi;qDr gks tkrk gSA  

(5) Sedge-meadow stage: Substratum ds vkSj vkxs ifjorZu vkSj ikuh dh Lrj ds yxkrkj de gksus ls bl {ks= esa 
Cyperaceae vkSj Gramineae dh species tSls fd Carex, Juncus, Cyperus vkSj Eleocharis etc. fodflr gks 
tkrh gSA ;s rkykc ds chp esa buds branched rhizomatus system ds dkj.k ,d tky tSlh vegetation cukrs gSA 
ifj.kke Lo:i, ok"iksRltZu dh nj T;knk gksus ls ikuh dk T;knk uqdlku gksrk gS vkSj dHkh uk dHkh dhpM ok;q dh vkSj 
expose gks tkrk gSA  
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Hydrosere 

Photoplankton 
stage (Diatoms, 

green flagellates) 
 

Submerged stage (Hydrilla, 
Potamogeton, Najas)  Floating stage(Nelumbo  Nymphaea) 

 

 
Reed swamp   

(Typha,saggittaria,phragmite 

 
Climax forest (Oak, 

Elm, Fir)  
Woodland stage(Cornus, 

Popullus, Alnus)  
Marsh meadow stage (Caltha, Juncus 

Polygnum) 

LITHOSERE 

Lithosere: [kqyh pV~Vkuksa ij gksus okys Biotic succession dks Lithosere dgrs gSA  
1.  [kqyh pV~Vkuksa ij LFkkfir gksus okys igys tho gSA lichens, tks acid fuekZ.k djrs gS, tks pV~Vku dh lrg dk {kj.k djrk 

gSA Organic remains etc. ds le; le; ij tqMus ls substratum dh ljapuk esa chemical vkSj physical ifjorZu 
gksrs gSA Pioneer lichens, crustose lichens (Graphis, Rhizocarphon) gksrs gS A ;s Crustose lichens foliose 
lichen (Parmelia) ls izfrLFkkfir gks tkrs gSa, ftlls pV~Vku dk cgqr T;knk {kj.k gksrk gSA 

2.  Moss stage:  Foliose lichen, hardy mosses (large sized, gregarious plant bodies, ftu ij rhizoids 
ik;s tkrs gSa, rocks esa T;knk xgjkbZ rd izos'k djrs gSa) dks jkLrk nsrs gSa, tks T;knk eǹk vkSj organic matter ,df=r 
djrs gSaA  

 ifj.kke Lo:i] substratum yEcs le; rd ue jgrk gS vkSj vUrr% pV~Vkuksa dk {kj.k 'kq: gksrk gSA ;g LFkku vc 
next invasion ds fy, rS;kj gks tkrk gSA  

3.  Grass stage: o"kkZ _rq ds nkSjku mosses dk tky tks fragmented rock ds mij fufeZr gksrk gS, i;kZIr :i ls ue 
gks tkrk gS, vkSj vc blds ckn ?kkl ds chp vadqfjr (Poa, Heteropogon, Dristida etc.) gks tkrs gSA budh tMs 
feV~Vh esa xgjkbZ rd pyh tkrh gS, ftlls vkSj vkxs fo[kaMu gksrk gSA T;knk ueh vkSj feV~Vh ds c<us ds lkFk next 
succession dh stage LFkkfir dh tkrh gSA 

4.  Shrub stage: Xerophytic shrubs ds chp rhizomes, grasses (Zizyphus, Rhus, Rubus etc.) ls <ds gq, {ks= 
esa izos'k djrs gS ftlls shrub xgjkbZ rd penetrate djrs gSa] ftlls dh cgqr T;knk fo[kaMu gksrk gSA 

 ;s area dks <drs gSa, mldks T;knk vknZz cukrs gSa vksj trees vkSj nwljs organisms dks vkeaf=r djrs gSaA 
5.  Climax stage : dbZ hardy vkSj izdk'k dh ekax djus okys trees, shrubs ls <ds gq, {ks= esa fodkl djrs gSA /khjs 

/khjs okrkoj.k cgqr ue vkSj Nk;knkj gks tkrk gS vkSj climax community {ks= esa QSy tkrh gSA  

PSAMMOSERE 

,d sand sere gS: - Sand substratum dk ,d environment ftl ij ecological succession gksrk gSA Most 
common psammoseres, sand dune systems gksrs gSaA 
►  Sea-coast psammosere ds ,d typical succession esa, organisms tks sea ds lcls ikl gksrs gSa, oks salt tolerant 

species gksrh gSa, tSls: littoral algae vkSj glasswort.   
►  inland dh vksj tkrs gq, succession esa meadow grass, sea purslane, vkSj sea lavender, lfEefyr gksrs gS tks 

,d typical non-maritime terrestrial eco-system esa vuUr% foyhu gks tkrs gSA  
►   Psammoseres rc rd pyrk gS tc rd fd oks ,d climatic climax ij ig¡p tk,, tks fd vuUr% oak trees, 

gksrs gS Bhd oSls gh tSls ;fn  ge high water mark ls nwj pyrs tkrs gSa, rks ,sls dbZ characteristic features gksrs 
gS tks change gksrs tkrs gSa vkSj dunes dk natural succession lqfuf'pr djus esa lgk;rk djrs gSA 



6. cAMP Regulation of PKA 
Protein kinase A िविभɄ Ůकार के ऊतको ंऔर सेल Ůकारो ंमŐ cAMP का 
एक Ůाथिमक लƙ है। इसकी िनİʻय अव̾था मŐ दो regulatory subunits 
एक िनİʻय अव̾था मŐ दो सɵटŌ ेट बाइंिडंग (उȌेरक) सबयूिनट रखते हœ। 
regulatory subunits मŐ एक pseudosubstrate डोमेन उȌेरक सबयूिनट 
के उȌेरक डोमेन को बांधता है। Regulatory subunits के िलए cAMP के 
बाइंिडंग से pseudosubstrate डोमेन की रचना मŐ पįरवतŊन होता है िजसके 
पįरणामˢŝप अब सिŢय PKA उȌेरक सबयूिनट्स का disassociation 
होता है। सिŢय PKA अब लƙ Ůोटीन फा˛ोराइलेट कर सकता है। Glucose mobilization मŐ उस फ़ंƕन के ऊपर 
उİʟİखत दो लƙो ंके अलावा, phosphorylase kinase, और glycogen synthase,  PKA मŐ कई अɊ सɵटŌ ेट Ůोटीन हœ जो 
िक फॉ˛ोराइलेट कर सकते हœ। इनमŐ protein phosphatase-1 (regulation of glucose metabolism), heart muscle 
troponin (contraction), myosin light chain kinase (muscle contraction), phosphofructokinase (anaerobic 
metabolism), and CREB (transcription factor) है।

 

2. Gi : G inhibitory 
;g adenylyl cyclase dks inhibit (i = "inhibitory") djrk gS, cell esa cAMP dk level low gksrk gSA Gi somatostatin ds 
receptor ls activated gksrk gSA 



 
 

 Cholera toxin, Gs ds covalent modification dks catalyze djrk gSA ADP-ribose dks NAD+ ls Gs dh GTPase 
active site ij arginine residue ij LFkkukUrfjr fd;k tkrk gS, ADP-ribosylation Gs }kjk GTP hydrolysis jksdrk gSA 
Stimulatory G-protein permanently activated gksrk gSA ifj.kkeLo:i cAMP dk yxkrkj high levels intestinal 
epithelium ds cells ls salts dk vR;f/kd uqdlku djrs gSaA vR;f/kd ek=k esa water osmosis ds lkFk ckgj fudyrk gSa, ftldh otg 
ls diarrhoea gks tkrk gSa, tks fatal gks ldrk gS, vxj salts vkSj water tYnh replace uk fd;s tk;sa rksA 
 Pertussis toxin (whooping cough disease) ADP-ribosylation dks Gi ds cysteine residue ij catalyze djrk gS; 
ftlls inhibitory G GDP to GTP ls exchange djus esa vleFkZ gks tkrk gS vkSj Inhibitory pathway :d tkrk gSA ADP-
ribosylation ,d lkekU; izfØ;k gS, ftlls cgqr ls proteins dh activity fu;fer gksrh gS, eukaryotes (including mammals) 
vkSj ;gka rd fd prokaryotes esa HkhA  

3. Gq 
;g phospholipase C (PLC) dks activate djrk gS, tks second messengers dks iSnk djrk gS:  

 inositol trisphosphate (IP3)  
 diacylglycerol (DAG)  

Gαq, G proteins esa ik;k tkrk gS, coupled to receptors for:  
 vasopressin 
 thyroid-stimulating hormone (TSH) vkSj 
 angiotensin 



 

Phosphatidylinositol signal cascades:  
1. phosphatidylinositol-4, 5-bisphosphate (PIP2) izkIr djus ds fy, Kinases Pi dks ATP ls inositol ring ds 5 & 4 position 

ds hydroxyl group ij sequential transfer dks catalyze djrs gSa, A  
2. PIP2 Phospholipase C ls cleaved gksrk gSA  
   Phospholipase C dh vyx vyx  isoforms esa fofHkUUk regulatory domains gksrs gSa vkSj bl rjg vyx vyx signals ds 

fy, respond djrs gSaA 
a. ,d G-protein, called Gq Phospholipase C dh ,d :i dks lfØ; djrk gSA tc ,d particular GPCR (receptor) 

activate gksrk gS, GTP, GDP ds fy, vknku&iznku gks tkrk gSA fQj Gq-GTP Phospholipase C dks lfØ; djrk gSA  
   Ca2+, tks Phospholipase C dh activity ds fy, pkfg, gksrk gS, negatively charged residues vkSj phosphorylated 

inositol ds phosphate moieties dks active site ds lkFk ijLij fØ;k djrk gSA  
3. PIP2 dk Phospholipase C }kjk cleavage ls 2 secondary messengers izkIr gksrs gS: inositol-1,4,5-trisphosphate (IP3),  

vkSj diacylglycerol (DG)  
4. Diacylglycerol, Ca2+ ds lkFk Protein Kinase C dks lfØ; djrk gS, tks dbZ cellular proteins ds phosphorylation dks 

catalyze djds, mudh lfØ;rk cny nsrs gSA 
5. IP3 (inositol-1,4,5-trisphosphate), endoplasmic reticulum (ER) membranes esa Ca2+ release channels lfØ; djrk 

gSA ER esa stored  Ca2+ cytosol esa eqDr gksrk gSA tgk¡ ;s calmodulin ls tqM ldrk gS ;k Protein Kinase C dks lfØ; dj ldrk 
gSA 

Protein Kinase C (PKC) 
They have following features: - 
• ;s Ser/Thr Kinases  gksrs gSA tks fd Ca2+, phospholipids and diacylglycerol (DAG) }kjk lfØ; gksrs gSA 
 • lkekU;r% ;s cytosol esa jgrs gS ysfdu lfØ; gksus ij ;s cell membrane ij igqWpdj dbZ substrates dks Phosphorylate djrs 
gS tSls (e.g., Myristoylated Argninie Rich C Kinase Substrate, MARCKS) 
lkFk gh ;s dbZ lkjs vko';d izfØ;kvksa esa tSls learning & memory, cell division & cancer esa Hkh lfEefyr gksrs gSA  
 
Signal turn-off OH, Ca2+-ATPase pumps vkSj IP3 degradation ls cytosol esa ls Ca2+ dk removal 'kkfey djrk gS: IP3 
(inositol-1,4,5-trisphosphate) ds enzyme-catalysed hydrolysis }kjk sequential dephosphorylation ls inositol izkIr 
gksrk gS, tks fd phosphatidylinositol ds la'ys"k.k dk ,d substrate gksrk gSA 
a. Kinases, tks PI (phosphatidylinositol) dks PIP2 (PI-4,5-bisphosphate,) esa cnyrs gSa, inositol ring dh ATP ls hydroxyls 

dh positions 4 & 5 ls phosphate dks transfer djrh gSA   
b. Phosphatidylinositol-3-Kinases tcfd catalyze phosphatidylinositol dk inositol ring dh 3 positions ij 

phosphorylation catalyze djrk gSA For example: phosphatidylinositol-3-phosphate (PI-3-P) .  PI-3-P, PI-3,4-P2, 
PI-3,4,5-P3, vkSj PI-4,5-P2 ds signaling roles gksrs gSaA  

 

Activated Protein Kinase B (also called Akt) cgqr ls proteins ds serine threonine residues dk phosphorylation 
catalyze djrk gSA blds metabolism, cell growth vkSj apoptosis ij dbZ izHkko ns[ks tkrs gSaA Protein Kinase B activity dk 
downstream metabolic effect glycogen synthesis,  glycolysis dks mŸksftr djuk, vkSj gluconeogenesis dks jksduk Hkh 
lfEefyr gSA  



Ca++ Signals 
Modulation of Cytosolic [Ca++] 
  Cytosolic [Ca2+] lkekU;r% one micromolar ls de gksrk gS, fdlh vkSj endoplasmic reticulum (ER) membrane esa ekStwn 

Ca2+- ATPase pumps bl low concentration dks cuk;s j[krs gSa, Ca2+ dks cytosol ls nwj cell ds ckgj ;k ER esa transport 
djdsA  

  Extracellular Ca2+ level mammalian organisms esa millimolar range esa gksrk gSA Plasma membrane Ca2+ channels 
dh opening Ca2+ signal dks 'kq: ;k cuk;s j[k ldrh gSA  

  Ca2+ ER esa Hkh rqyukRed :i ls T;knk gksrk gS, tks ,d major internal reservoir dh rjg dk;Z djrk gS, ftlesa ls Ca2+ signaling 
ds nkSjku cytosol esa Ca2+ release gksrk gSA  

  Mitochondria vkSj lysosomes Hkh dqN ifjfLFkfr;ksa esa Ca2+ release djrs gSa vkSj Ca2+ reservoir dh rjg dk;Z djrs gSaA  

  
  ER lumen esa Ca2+-binding domains free Ca2+  concenteration dks buffer djrs gSa vkSj Ca2+ storage ds fy, {kerk c<k nsrs 

gSaA ER Ca2+-binding proteins esa per molecule 20-50 low affinity Ca2+-binding sites gksrh gSa, acidic residues consist 
djrh gSaA Examples: 

  Calsequestrin SR ds lumen esa gksrk gS, [muscle dk specialized ER: 
sarcoplasmic reticulum (SR)].  

  Calreticulin  non-muscle cells ds lumen esa gksrk gS, protein 
folding esa Hkh Hkwfedk fuHkkrk gSA    
Cytosol ;k other cell compartments esa Ca2+ concentration 
indicator dyes ;k mu proteins ls monitor fd;k tkrk gS, tks ;k rks 
luminescent gSa ;k fQj Ca2+ ls tqM ds viuh fluorescence change dj 

ysrs gSaA Fluorescent indicators confocal fluorescence microscopy 
esa use gksus okys, high-resolution imaging vkSj cells esa Ca2+ 

fluctuations dk quantitation provide djrs gSaA  
 

Ca2+ (cytosolic) esa transient increase one ;k Ca2+-release ;k Ca2+-
entry channels dh vicinity esa localized fd;k tk ldrk gSA ,slk localized Ca2+ "puff" ;k "spark" mu effectors dks activate 
djrk gS, tks additional Ca2+ release induce djrs gSa, ftuls cytosolic Ca2+ esa more widespread increase gksrk gSA Higher 
cytosolic Ca2+ dh ,d “wave” neighboring cells esa Hkh QSy ldrh gSA  
 



Ryanodine Receptor: 
,d Ca2+ Release Channel 
Sarcoplasmic reticulum (SR) dh membrane esa ,d large Ca2+-release channel, ryanodine receptor(bldh plant 
alkaloid ryanodine ls sensitivity dh otg ls) dgykrk gSA tc SR lumen ls cytosol esa Ca2+ ryanodine receptor ds }kjk 
release gksrk gS Skeletal vkSj cardiac muscle dk ladqpu lfØ; gksrk gS A  
 

T tubules muscle cell plasma membrane ds /klus ls curh gSaA T tubule membrane esa voltage-gated Ca2+ channels 
closely apposed SR membrane esa ryanodine receptors ls ijLij fØ;k djrh gSaA T tubule esa ,d action potential }kjk 
voltage-gated Ca2+ channels dk activation ryanodine-sensitive Ca2+ release channels dks [kksyrk gSA Ca2+ igysa 
ryanodine receptor ds transmembrane fgLls ls ysdj ckn esa ryanodine receptor's dh cytoplasmic domain ls gksrk gqvk SR 
lumen ls cytosol esa tkrk gSA   

   Ryanodine receptor cytosolic Ca2+ ls micromolar concentrations ij vius vki gh lfØ; gksrk gSA vr% cytosol esa 
de ek=k esa Ca2+ dk izos'k, further Ca2+ dks eqDr djrk gSA 

   High (e.g., mM) cytosolic Ca2+ ryanodine receptor channel dks fuf"Ø; djrk gS, ftlls signal cUn gks tkrs gSA 
  

IP3 receptor Ca++ Release Channel  
cgqr lh mammalian cells esa, IP3 (inositol-1,4,5-
trisphosphate), endoplasmic reticulum ls Ca2+ release 
trigger djrk gSA "Second messenger" IP3 mRiUUk djrk gS, tSls: 
in response to hormonal signals, from the membrane lipid 
phosphatidylinositol.  

 IP3 receptor ,d ligand-gated Ca2+-release channel gS, tks 
endoplasmic reticulum membranes esa embedded gksrk gSA 
;g ryanodine receptor channel ls distinct gksrk gS, ijUrq partly 
homologous Hkh gksrk gSA 

 IP3 receptor dh cytosolic domain ij tqM+rk gS, channel 
opening dks c<krk gSA IP3 ,d regulatory phospho-protein 
IRBIT dks fu;fer djrk gS, tks fd same site ij bind djrk gSA 

 Ca2+, IP3 receptor ds ligand-binding domain ij tqM+rk gS vkSj 
channel opening dks c<+krk gSA However, high cytosolic Ca2+, 
tks fd channel opening ds ckn fodflr gksrh gS, channel closure 
dks c<+krh gSA 

vr% IP3-activated vkSj ryanodine-sensitive channels nksuksa low cytosolic Ca++ ls lfØ; gksrs gS vkSj high cytosolic Ca2+ ls 
fuf"Ø; gksrs gSaA  

High cytosolic Ca2+ }kjk Ca2+ dk feedback inhibition, Ca2+-ATPase pumps dh activity ds lkFk, signal turn-off esa 
contribute djrs gSa vkSj Ca2+ concentration esa observed oscillations laHko cukrs gSaA  

Some Cellular Responses Mediated by G-Protein-linked Receptors Coupled to the Inositol-Phospholipid 
Signaling Pathway 
 

Target Tissue Signaling Molecule Major Response 
Liver vasopressin glycogen breakdown 
Pancreas acetylcholine amylase secretion 
Smooth muscle acetylcholine contraction 
Mast cells antigen histamine secretion 
Blood platelets thrombin aggregation 

 


