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C��L �Q�opmW ���

R� xDi�� p�mWD xR�D ��ynvU QO Q�DiQo ��y�� QO �V�B p�U �yOQ��r�t �Q C��L ��Wvt u�wD	 O��W
Qo�O QY�va w OQowo R� Q�WQU xm ����rk w sQo ��y�� u�� 
OQm wHwCUH ���� QO Q� R ��yu�WiWD�
�RwQ u� uy� Kqt� R� Q�WQU w �u�QwO u� �xOvvm ��L� wH R� C�a�D x	� �O�U� ��y�� �	 T�tD QO �OvOw	


OvOW OQowo w uy� R� Q�WQU ��y���L QO C��L �Q�opmW R�Uxv�tR
R�Uxv�tR w OvwW�t �wULt C��L ��yQwR�r�D�m u� QD���OD	� �y���L u�� QO OwHwt OQowo w uy�
��ypOt u�� 
OvOW �y���L QO OwHwt uSwQO�y w u	 QmO�Um ��O Vvm �w R� �r� ��ypwmrwt V��O�B
QO OQowo w uy� �wDLt ��yxwQo �Hwt x	 xm CUv�O �ys� Rv� R� xDUO u� O�OH� u�wD�t �Q �QwR�r�D�m
QO �oO�J�B O�H�� Q�Ut �xt�O� QO 
Ov�xDN�U umtt �Q C��L �DU� R ��yVvm �w �� QUD �	 OwN Q�DN�U
V��O�B w C��L �Q�opmW R�e� QO �i�a �x�kv u�wD�t �Q O�wt R� xDUO wO V��O�B ��r� ��ypwmrwt
���v�wD u�� OvDW�O �Q u� Q�FmD w C�aq�� �xQ�NP ���v�wD xm OvOw	 ���ypwmrwt pw� xwQo 
CUv�O pwrU
R� �ywQo swO xwQo 
CN�U�t umtt �Q pFtO�rwD �va� xOvR ��ys�U�v�oQ� ��y�oS� w u� QDsyt R� �m�
u�� G� QOD x	 
OvOW xOvRQ�e w xOvR ���vO wO ���OH R�Uxv�tR xm OvOw	 ��	 QJ� �O�B�r ��ypwmrwt
pmW u�O	 w OvO�O VWwB �Q OQowo � uy� ��y���L h�Q�� �OvwW�t xO�t�v O�B�rwiUi xm �ypwmrwt
��ypwrU w OW sy�Qi x�rw� �DU� R ��y�We u�� uwQO xO�Di� s�O x	 ��ypwmrwt QO ��oO�J�B O�H�� u�mt�


OvOt� O�OB x�rw�

s� wW�t �vW� �OwW�t�wULtC��L��v	 Q� R xm �pwrUl� �xOvyOp�mWDhrDNt ��RH� �	 xt�O� QO
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گروه فسفات

باز نیتروژن دار

قندپنج کربنه

#1#4
#3 #2

#5

Qtwvwt xm xD�iUi lD O�Dw�rmwv l� Q�DN�U ��� pmW

DNA CN�U CyH �OwW�t �wULt l�DvS �xO�t
OvwW�tuw�U�R� Qt�rBVvm �w OQ�w xD�iUi xU��yO�Dw�rmwv
�OvyO�t CUO R� �Q OwN C�iUi wO u�� QH u�� QO xm
�Ovm�t u�t��D �QVvm �w �SQv� 	xOW xDUmW Ovw�B wO �SQv�
pYDt sy x
 �O� Rwm�ro x
 swUwt �Ovw�B �
 �r� R�
 w Ovk

�OvwW�t

xm CUv�O �D�aq�� �rHD u�wD�t �Q pwrU OQmrta
�OQ�O xOya Q� �Q pwrU �Q�yQ �DF�Qw �xO�t �r�k QO
l��rmwv s�v x� �O�wt �Q xi��w u�� s�v�O�t xRwQt�
�DF�Qw �xO�t V�B �yCOt R� �OvQ�O xOya Q� �yO�U�
l��rmwvw�� Q�Umw	O s�v x� O�wtu�� R� ��xDUO �Q pwrU
�Qt�rB pwmrwtu�� �OyO�tp�mWD �DNA� �yO�U�
��Q�O s�Om Qy xm O�Dw�rmwv s�v x����yOL�wQ� R R�CU�
OvW���t�r
 R�� w C�iUi xwQo �Rw�� Q�Umw	O Ovkl�
�r
 R�� QO �yvD �yOL�wQ� R u�� Cw�iD ��� pmW�
u�t�D ��G� u�v�wo ��A� u�vO
 Ov�wD�t xm CU�yu


�OW�� �C� u� RwD�U w �T�

Q�vm QO �vSwQO�y Ovw�B �UwD xm CU� xDWQ wO R� xDiQo pmW ��J�B Q�t CQwY x� DNA Q�DN�U
l� R� G �T p�kt QO �vSwQO�y Ovw�B wO �� xDWQ l� R� A xW�ty Q�DN�U u�� QO �OvQ�o�t Q�Qk Qo�Om�
Qy u�v�wo w u�vO
 xm �Hu
 R� ���� pmW� CU� p��kt �xDWQ R� C p��kt QO �vSwQO�y Ovw�B xU �� xDWQ
I�B Q�t Q	k OvDUy �u�O�t� Q�B� ��xkrLlD wO Qy u�t�D w u� RwD�U �rw �u� QwB� ��xkrLwO �rwmrwt wO
QO xm CU� �D�aq�� u�ty �xQ�HvR QO �yO�Dw�rmwv u�� uDiQo Q�Qk ��DQD �CU� C��F Vrw� QU�QU QO
��oS� w u�OvJ �OR�U�t umtt �Q pwrU �Q�yQ C�aq�� u�� VQ�W w xOW xQ�NP DNA pwmrwt �r�k
�Q�O��B x� u�wD�t �yu
 u� QDsyt xrtH R� �CU� xDN�U pwrU QO xi��w u�� �U�vt �Q DNA I�B Q�t
�oS� w wO u�� �OQm xQ�W� OwN x��Wt �rwmrwt uDN�U CyH wor� u�wva x� uDiQo Q�Qk ���v�wD w Q�DN�U

�CU� xDN�U umtt xHwD p��k �oOW 
iL �� �Q CF�Qw w xOW C��L ���HQ��B �Hwt

�xOvvm u��aD xm � �DF�Qw �xO�t C�Q��eD MQv �� �Q xvwo ��k� u�R�t �x	��Q xm O�vm sUQ �Q�Owtv �p��wU
���vO QO q�� �oO�J�B Kw	U �� xOvR C�OwHwt QO �tW Q�v x� �OyO u�Wv �CU� xOvR C�OwHwt C�iY

�CU� xDW�O �D�Q��eD xJ Q�Owtv u�� C��L ��OD�� QO QDxO�U u�Q�Ov�H x� C�Uv �RwQt�
xOya Q� �Q C�aq�� uOQm xQ�NP �xi��w DNA �C��L ��OD�� QO xm CU� u
 R� �m �L Oy�wW
�Q �DF�Qw �xO�t �RNA� O�U� l��rmwvw�� Q s�v x� �yO�U� l��rmwv R� Qo�O �ywQo xmr� �CU� xDW�Ov
�yu
 �rY� Cw�iD �CU� DNA x� C�Uv QDsm �Q�O��B �� ��xDWQlD �rwmrwt RNA �OvO�O�t p�mWD
�RNA �xOvR�U ��yO�Dw�rmwv QO OwHwt Ovk QO �wO �xQ�tW u� Qm p�UmwQO�y xwQo �v� Ro��H QO ��iQY
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اسکلت قندفسفات
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��yQtwvwt p�YD� �O�vm xHwD OQ�o�t pmW ptmt �r� ��yxR�� u��t xm �vSwQO�y Ovw�B O�OaD x� �DNA Q�DN�U ��� pmW

w O�Dw�rmwv l� Ovk �� u� Qm x� pYDt p�UmwQO�y xwQo u��t xm OQ�o�t CQwY QDU��OwiUi Ovw�B �� xDWQ l� QO xOvR�U

�OQ�o�t pmW Oa� O�Dw�rmwv Ovk �� u� Qm x� pYDt C�iUi

�� VR�U ��Q� sU�v�oQ� �� QU C�Q��eD ��Q� �Q ���QW RNA QDsm �Q�O��B �CU� DNA QO uSwQO�y ��
�OQm�t ��yt RwQ u� ��Lt ��y�Q�O��B�v

w �DU� R ��yVvm �w R�r�D�m QO u� ���v�wD �CW�O DNA x� C�Uv pwmrwt u�� xm �QDsyt �oS� w
p�mWD RNA ��ypwmrwt �Q �ys� Rv� ��a� �OQmrta �xDUy R�v xRwQt� xD�r� �Ow� �t� Rv� C�Y�N
mRNAVR�OQB �� ��DQt ��ys� Rv� w swRw�� Q Ovv�t �Ovt�v�t �s� Rw�� Q �Q �ys� Rv� xDUO u�� xm OyO�t

��yCw� Q�mw� QO

��ypwmrwt QO �oO�J�B Rwvy xm �v�tR QO ��Q pFtO�rwD ��yxv�Wv u�rw� �QwR�r�D�m C�Y�N u��
u�� �k�w QO �CN�U umtt �OvOw� xOt��v OwHw x� �Y�YDN� OQmrta �� �ys� Rv� w Ow� xOWv O�H�� �DU� R
�RwQt� ��ypwrU QO �OvwW x��Wt ��ypwmrwt O�H�� Ea�� �OwN uO�O Q�Qk wor� �� OvDUv�wD�t �DF�Qw O�wt
x� DNA QO xOW xQ�NP C�aq�� p�kDv� �x�U�w RNA ��ypwmrwt �CU� Cw�iDt �h��	w s�UkD

�s� wW�t �vW� QDV�� Ov��Qi u�� C��
RH �� Oa� ��ypYi QO �OvDUy �yu�	DwQB

�� Ribozyme
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�DU� R ��We ���

x� ���tUqB ��We h���w �t� �CU� xOW �OH uwt�Q�B ��Lt R� �DU� R ��We �UwD pwrU C�� wDLt
w pwrU u�� O�wt pO��D K�U u�rw� u�wva x� ���tUqB ��We w OwW�tv xYqN Ovv�t OU OQmrta u�ty
�xR�H� O�wt ��a� x� �yR��v T�U� Q� �va� �CU� ����NDv� �Q�PBPwiv C�Y�N ��Q�O �uwt�Q�B ��Lt
��yu�	DwQB j� Q	 R� �ypwrU u�� �v�UQs��B R� �tyt VN� u�vJsy �xv Qo�O ��a� x� w OyO�t Qw�a

�OQ�o�t CQwY �We

�ywQo uw�Ot �Q OwN Q�DN�U �We �CU� xOW xDN�U u�	DwQB w O�B�r R� xOta Qw	 x� ���tUqB ��We
w O�B�rwiUiwQU�ro xOta Qw	 x� �
�R� Qo�� sO w �CUwO�� QU l� �� �CUwOxv�owO ��yO�B�r R�
��yu�	DwQB �xOya Q� ��DOta �We OQmrta �Ov�xDi�� V��Q� x�q wO CQwY x� xm CU� ��yO�B�rwoviU�

�CU� u� Q�DN�U QO OwHwt

QO �QJ O�U� ��yltv xm �irDNt p�mW� ��� pmW
�� �O�B�r �x�q lD �hr� �OvQ�o�t OwN x� ��	 ��Lt

swRwB�r �G pU�t

���ypwmrwt u� QDxO�U �QJ O�U� ��yltv
��yO�B�r x� x��W �Q�DiQ ��� ��Lt QO xm OvDUy
x� xm �DQwY QO �ypwmrwt u�� �OvQ�O CUwOxv�owO
O�H�� x�q lD l� �OvwW VNB �� K�U QO �t�Q�
x � wQ u�WCUwO�� VN� xm �rmW x� �Ovvm�t
Q�Qk p��kt CtU QO u�WR� Qo�� VN� w ��� ��Lt


hr����� pmW �OQ�o�t
�OvwW x	�L� ���UwD �yltv u�� R� �O�OaD Qo �
pU�t �OvyO�t �Q�pU�t x� swUwt �Q�DN�U p�mWD
CtU x� �ypwmrwt CUwO�� VN� xm CU� ��xQm
QO xQm uwQO R� Qo�� ��yVN� w Ov�xDiQo Q�Qk ��Lt


����� pmW �OvDUy sy Q�vm

�x�q wO uwQO �� �Q�Okt xm OvyO�t �Q ���y���L p�mWD CUwOxv�owO ��ypwmrwt u�� �y�o
�y���L u�� �xQ�w�O QO �
G���� pmW OwW�t Q�DiQo 
OQ�O Q�Qk ��� ��Lt QO OwN xm  �O�B�r
VN� w �� �� T�tD QO x�q Qy CUwO�� VN� xm Ov�xDiQo Q�Qk sy Q�vm �rmW x� �QJ O�U� ��yltv

�OvW�� sy p��kt QO x�q wO R� Qo��

�CU� Cw�iDt �CUwO�� x� R� Qo�� VN� ��Qa 
�kt C�Uv x� xDU� CUwOxv�owO ��yO�B�r Q�DiQ
RmQt QO R� Qo�� ��ysO 
tHD �OvQ�O R� Qo�� VN� QO �QJ O�U� l� �ki xm �yO�B�rwiUiwR�r OQwt QO

�� Selective permeability �� Amphipathic �� Hydrophobic �� Hydrophobi�� Micelle
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K�U �yu� QO xm �yO�B�rwoviU� w O�B�rwiUiwQU�ro Qo�O �wU R� �Ovm�t O�H�� QDQ�O��B �Q�DN�U pU�t
�swRwB�r x� swUwt �x�qwO Q�OH �� ���y	��L p�mWD x� �QDV�� p��tD �CU� Q��Q� 
��� QkD VN� wO ��kt

�OvQ�O pwrU ��We Q�DN�U x��Wt �Q�DN�U �yswRwB�r �OvQ�O
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��RH� R� �m� �pwQDUrm pwmrwt l� Q�DN�U ��� pmW
�OQ�O Vkv C�r��U s��vD QO xm �We syt

pwmrwtu�� �CU�pwQDUrm pwrU��We Qo�O w�a
p�mWD R� Qo	� COW x� sO l� w ���k QU l� R�
sy x� pYDt �wkrL ��yQ�DN�U �yu� u�� xm xOW

��� pmW� �OQ�O Q�Qk
�We C�r��U u�R�t QO pO�aD 	Hwt �pwQDUrm
C�r��U V��Ri� OQ�wt QO xm �vat u�O� �OwW�t
QO ��tO V��Ri� Cra x� 
qFt ��We ��yO�B�rwiUi
�OQ�wt QO w Ovm�t pta C�r��U Vy�m CyH
C�r��U �We ��yO�B�rwiUi �tO Vy�m Cra x� xm
	�mQD �OwW�t C�r��U V��Ri� 	Hwt Ov��� �QDsm
Qy �CU� Q�PoQ�F��D C�r��U Q� R�v �We ��yO�B�rwiUi
w QDx�Dwm �yu� Q�DN�U QO OwHwt 	QJ ��yO�U� xJ
x� pwrU �OwW�t QDV�� C�r��U OW�� QDxOWv ���W�
�Ovm�t s�
vD �Q ��We C�r��U �yVwQ u�� ltm

xOta xm �yu��DwQB �CUv�O �O�B�rwiUi QDU� l� QO �yu��DwQB R� p��U �m���Rwt u�wD�t �Q �We
���� pmW� �OvwW�t s�UkD xwQo wO x� �We QO ��Q�oQ�Qk sQi ��Lr R� �OvQ�O xOya Q� �Q �We OQmrta

�ve ��yVN� ��Q�O �Ov�xDiQo Q�Qk �O�B�r �x�q wO uwQO xm �yu��DwQB u�� ���rN�O ��yu��DwQB ��

�OvQ�O VvmsyQ� �We �v��t R� Qo	� ��yVN� �� xm OvDUy R� Qo	� ��yO�U�wv�t� R�

QO ���yVN� �yu� R� ��a� u�vJsy �OvvR�t pB �Q �We ZQa QU�QU �yu��DwQB u�� R� �ywQo
�OvwW�t xO�t�v CUwOxv�owO ��yu��DwQB w OvQ�O �We K�U

CUwO	�VN� �� w OvQ�O Q�Qk ���tUqB ��We K�U Q� �yu��DwQB R� xDUO u�� �����Lt ��yu��DwQB ��

�Ovvm�t Q�QkQ� �vw� �� w �vSwQO�y Ovw�B ��rN�O ��yu��DwQB �� w �We ��yO�B�r

�� Liposome �� Integral protein �� Peripheral protein
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محیطى

اسکلت سلولى
محیطى

محیطى
ماتریکس خارج سلول

لنگرشده
با لیپید

داخلى

سیتوزول

خارج
داخلى

��RH� �� �Q �yu� ���DQ� w ���Lt ��rN�O 	�yu��DwQB pmW u�� QO 
�We QO hrDNt 	�yu��DwQB 	Q�oQ�Qk RQ� ��� pmW

xwQo w s�kDUt CQwY x� ���Lt 	�yu��DwQB R� �ywQo xm O�vm xHwD �O�vm�t xOy�Wt �rwrU GQ�N Tm� QD�t w pwrU uwQO
�OvDUy pYDt �We x� �rN�O 	�yu��DwQB 	x�U�w �� Qo�O

�yCw� Q�mw� w �yCw� Q�mwQB ���

u�� �OQm s�UkD �Cw� Q�mw� w �Cw� Q�mwQB xwQo wO x� u�wD�t �Q �ypwrU ��B wmUwQm�t ��y�oS� w T�U� Q�
�DF�Qw �xO�t xmCU� �We x�q wO R� pmWDt ���RHt Q�DN�U Qw�L sOa �� w Qw�L T�U� Q� �Ov�xDUO
Cw� Q�mw� ��ypwrU QO �ki xm OwW�t xO�t�v �uw� Q�m �u�Dq QO	 �xDUy Q�DN�U u�� �OQ�o�t Q� QO �Q

�����OD�� ��vat x� pro w �k�kL ��vat x� eu	 OwW�t xO�O

�OvwW�t pt�W �Q ��y�QDm ���mQ
 w � �y�QDm �� xm OvDUy x�rw� wlJwm �xO�U ��ypwrU �yCw� Q�mwQB
�rwrUlD w �RHt CQwY x� �yCw� Q�mwQB �lOv� u�tR�U �� �rwrU OvJ �xO�U ��yQ�DN�U R� Q�vhQY
�We h�Q�� xm CU� �rwrU �xQ�w�O x� xDU��w pwrU pmW w C��iL �yCw� Q�mwQB QO �Ovvm�t �oOvR
Q�Qk �We �� l�ORv ��DQ� QO ��O��w	rmwv s�v x� ��x�L�v QO �yCw� Q�mwQB l�DvS �xO�t �Ovm�t x��L� �Q

�CU� �wkrL DNA l� CQwY x� l�DvS �xO�t u�� �OQ�O

�DL w �yTwv��k� j�ta� �sQo �
 ��yxtWJ pt�W	 ��xOQDUo h�� �y�QDm ���mQ
 CU� R ��Lt
��y�QDm ���mQ
 QO �m�DvS C�aq�� VQ�W ����DQt �t� Rv
 x�oDUO w �yOv��Qi �OQ�o�t Q� QO �Q �w�o �xOwQ
��Lr R� OUQ�t Q�v x� u��Q��v� �OQ�O Cw� Q�mw� ��ypwrU �� �QDV�� Cy��W ��y�QDm �� �� T��k QO

�OvQ�O �QDV�� C��Qk �y�QDm ���mQ
 x� �yCw� Q�mw� �rt�mD

�
N �swRwtwQm OvJ �� l� xm 	 xDUy Q� xwqa �OvDUy �QDxO�J�B w nQR� ��ypwrU �yCw� Q�mw�
u��t ���i QO �Y�YDN� h���w s�Hv� CyH �OOaDt Q�O�We ��ylt�Ov� ��OQ�o�t Q� QO �Q xOQWi

�� Prokaryote �� eukaryote �� Nucleus �� Bacteria �� Archaebacteria �� Nucleoid

�OQ�o�t Q�Qk swRwtwQm x� swUwt ���yOL�w QO pwrU l�DvS 	xO�t �



� pwrU Q� ��xtOkt

CmQL �pwrU pmW �Q�O��B �xDi�� u�tR�U �rwrU CrmU� �CU� xOt� OwHw x� 	sUqB wD�U
 xDUy w �We
uOQwN wQi Ovv�t �yCw� Q�mw� �Y�YDN� ��yOv��Qi �NQ� u�vJsy w u� uwQO ��ylt�Ov� w pwrU
w Cw� Q�mwQB pwrU �wv wO �� pmW QO �CU� xDN�U umtt �Q �HQ�N C�QP w �ypwrU 	�RwD�Uwo �i


�O�vm�t xOy�Wt �Q Cw� Q�mw�

نوکلئویید

غشاى(پلاسمایى)داخلى
دیواره سلولى
فضاى بین غشایى

غشاى خارجى
شبکه اندوپلاسمى زبر

غشاى هسته
غشاى پلاسمایى

وزیکول گلژى
میتوکندرى

پراکسیزم
لیزوزم

وزیکول ترشحى

 هسته

�O�vm�t xOy�Wt �Q xwQo wO u�� R� xvwtv pwrU wO ��RH� w Q�DN�U Q� wYD u�� QO ��Dw� Q�mw� w �Dw� Q�mwQB pwrU ��� pmW

sQo pwrU l� Q�DN�U pmW u�� QO �OwW�t s�UkD �ivt w C�Ft sQo xwQo wO x� sQo �R�t	nvQ QO Cw� Q�mwQB ��ypwrU
�x�q Ct�N
 uOw� sm ��U x�� xQ�w�O Ct�N
 p��kt QO w CU� �HQ�N ��We l� ��Q�O xm O�vm�t xOy�Wt �Q �ivt

�CU� QDsm �u�m�rowO�DBB

swRw�� Q ���

xQ�NP C�aq�� �xtHQD u� OQmrta xm CUv�O �rwrU ��ylt�Ov� u� QDxO�U R� u�wD�t �Q �swRw�� Q
pkDvt  Q�s��B RNA  mRNA s�v x� RNA R� �Y�N �wv x� DNA R� xm 
 �yO�U� l��rmwv QO xOW
Qm�Bpwe s� Rw�� Q l� swRw�� Q �CU� �yO�DBB�rB QO xv�t�O�U� �r�wD x� 	OQ�o�t Q�Qk swRw�� Q Q��DN� QO w
�RNA ��ypwmrwt R� ��xDUO �Q u� OQmrta w Q�DN�U �xOvvm u��aD w �rY� VN� xm �vat u�O� �CU�
x� �v�t�U �xO�t l� Vkv QO QDV�� �yu��DwQB w OyO�t p�mWD 	�twRw�� Q RNA
 rRNA s�v x�
�O�� R �OQmrta w �Q�DN�U Cy��W �yCw� Q�mw� w �yCw� Q�mwQB swRw�� Q �Ovvm�t ltm rRNA OQmrta
uOv�wN CyH ��r�k u�wva x� lJwm OL�wQ� R �Ov�xOW p�mWD nQR� w lJwm OL�wQ� R R� wO Qy �OvQ�O
R�r�D�m �RDvU p�L QO O�DBB�rB QO �Q �O�DBB Ovw�B p�mWD nQR� OL�wQ� R w Ovm�t ptamRNAC�aq��
mRNA uOv�wN s�ovy QO w OvDUy sy R� �OH CQwY x� OL�wQ� R wO �C�r�ai sOa ���QW QO �Ovm�t

�OvwW�t pYDt OL�wQ� R wO
�Dw� Q�mw� swRw�� Q �� sy ���yCw�iD �xOvR�U ��RH� w xR�Ov� ��Lr R� �yCw� Q�mwQB swRw�� Q Qo�O hQ� R�
swRw�� Q xm �r�L QO CU� xOW p�mWD �� s w �� s OL�wQ� R wO R� ��� s� �Dw� Q�mw� swRw�� Q �OQ�O

	�� pmW
 �OQ�O �� s w �� s OL�wQ� R wO w xOw� QDlJwm ��� s� �yCw� Q�mwQB
�� Phagocytosis �� Ribosome
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پروتئینزیرواحدریبوزوم هاى منتاژ شده
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28s 5.8s

23s 5s

16s 70s
30s

50s

5s23s

16s

40s 80s

5s

5.8s28s
60s

18s

Total:31

Total:21

Total:50

Total:33

(1500rNTs)

(120rNTs)(2900rNTs)

(120rNTs)
5s

(1900rNTs)

(120rNTs:160rNTs)
28s:5.8s

R� ��xawtHt pt�W swRw�� Q OL�w Qy ��Dw� Q�mw� w �Dw� Q�mwQB swRw�� Q �wv wO �xOvyO p�mWD ��RH� w Q�DN�U ��� pmW

�OQ�o�t pmW swRw�� Q 	lJwm w nQR
 OL�wQ� R wO p�YD� R� �CU� rRNA pwmrwt OvJ �� l� w uwo �vwo ��yu��DwQB

��yOL�wQ� R OQwt QO wCU� Sw�i� QDv�U �QDrw� QO C�QP�wUQ�� Q� �svedberg OL�w �s xm O�vm xHwD
�OQ�Ov �Q�PB�tH C�Y�N u��DwQB l�

swRw�� Q u�OvJ TQDUO QO u�tRsy CQwY x� 	qwtat CU� xtHQD p�L QO mRNAl� xm �t�ovy
�OwW�t xO�O swRw�� Q�rB x� swUwt sy Q�vm QO swRw�� Q OvJ R� pmWDt �Q�DN�U CQwY x� w OQ�o�t Q�Qk


�� pmW�

mRNAریبوزوم ها پلى پپتید

�OvDUy mRNA pwmrwt l� �xtHQD p�L QO xm swRw�� Q u�OvJ �swRw�� Q�rB ��� pmW



� pwrU Q� ��xtOkt

��yu��DwQB �t� �OvDUy pwRwD�U QO O�R� CQwY x� OvR�U�t �Q pwRwD�U ��yu��DwQB xm ���yswRw�� Q
�OvwW�t xDN�U �OvrYDt Q� R �tUqB wOv� �xm�W x� xm ���yswRw�� Q �UwD �LWQD �� w ���We

�tUqBwOv� �xm�W ���

R� �Q pwrU sHL R� �	
 OwOL �ER�� �tUqB wOv� �xm�W �r�k QO �Dw� Q�mw� pwrU ��We R� �t�v
�We u�� �OwW�t xO�t�v �tUqB wOv� �xm�W �utwr xm ����i �Ovm�t �OH pwRwD�U C�� wDLt Q��U
��yxrwr w �yxU�m R� ��xm�W CQwY x� �tUqB wOv� �xm�W �CU� xDUy �HQ�N ��We �xt�O� QO
��yVN� �xty QO �tUqB wOv� �xm�W OQmrta w Q�DN�U �Ov	�DQt Qo�Om� x� xm OwW�t xO�O �aWvt

�CU�v u�Um� u�
VwQ x� �Q RDvU p�L QO ��yO�DBB�rB w OvrYDt xm�W ��We x� �yswRw�� Q �yCtUk ��a� QO
���xtHQD �UB �vat x� post translation p��kt QO xtHQD �� u�tRsy �vat x�� cotranslation
OQ�w �CU� swR�Um �QB w xDUy ��QOvmwD�t �CUqB wQrm Ovv�t ���ylt�Ov� x� �yu��DwQB OwQw VwQ xm
�Ovk �t� Rv� p�YD�� uw�Uq� Rwm�ro xrtH R� �D�Q��eD ptLDt �yO�DBB�rB u�� xt�O� QO 	Ovvm�t ER utwr
VN� u�� 	OwW O�H�� OQmrta ��Q�O u��DwQB Q�DN�U �D OvwW�t pYDt Qo�Om� x� w OvQwN�t �D �OvwW�t
�Q u� p�rO u�ty x� 	OwW�t xO�O Q� R CQwY x� AwmUwQm�t Q� R QO ��yswRw�� Q Qw�L Cra x� ER

�
�� pmW� 	Ovt�v�t ��RER� Q� R �tUqB wOv� �xm�W

�O�vm xHwD �tUqB wOv� �xm�W �wQ Q� �yswRw�� Q �Q�oQ�Qk x� �AwmUwQm�t Q� R Q� R �tUqB wOv� �xm�W ��� pmW

�SER� h�Y �tUqB wOv� �xm�W w xOw� swRw�� Q Ok�i �tUqB wOv� �xm�W R� �mJwm j�vt
xv�wH u� R� xOW RDvU xR�D ��yu��DwQB w O�B�r �wDLt ��ypwm� Rw xm ER R� �WN� 	OwW�t xO�t�v
�r�kDv� �tUqB wOv� �xm�W w OwW�t �wULt SER RH �OvwQ� �Sro sUH CtU x� �D� R�v OvvR�t

	OQ�O s�v �TER��

�� Endoplasmic reticulum �� Lumen �� Rough endoplasmic reticulum �� Transitional

endoplasmic reticulum
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xm ���ypwrU �OQ�O xOya Q� �QD�Y�YDN� OOaDt h���w h�Y �tUqB wOv� �xm�W 	u�� Q� xwqa
�tUqB wOv� �xm�W 	Ovvm�t RDvU �O�
wQDU� ��yuwtQwy p�Ft ��Q� 	Ovr�ai �yO�B�r sU�rw��Dt ��Lr R�
�CU�yVvm �w u�� s�Hv� x�o��H 	OwN ��We Q� Q�Ut u�� ��ys� Rv� uDW�O �� xm OvQ�O ��xOQDUo Q��U� h�Y
�OQ�O Vkv �tU ��yC�rw��Dt w �ywQ�O R� uwN ���ORsU QO O�m ��ypwrU h�Y �tUqB wOv� �xm�W
��ys� Rv� �OvwW�t C�twtUt �Hwt w Ovvm�t �O�B �tHD uO� QO �� QJ QO pwrLt sQi QO O�wt u��
x�rm �UwD O�wt u�� �iO V��Ri� �Hwt � QO pwrLt sQi x� C���mQD u�� p�O�D �� 	O�m SER QO OwHwt

�OvQ�O Vkv uwN ��yu�	DwQB wB�r �O�B�r RH O�rwD QO u�vJsy �ypwrU u�� QO SER �OvwW�t

SER �CU� s�Urm uw� �xQ�NP 	OQ�O xOya Q� �Dw� Q�mw� ��ypwrU QFm � QO SER xm �Qo�O OQmrta
V��Ri� �Hwt u� uOQm �yQ �� swRr �k�wt QO w Ovm�t OwN utwr OQ�w �Q pwRwD�U Ca

�� p�ai CQwY x�
s�v x� 	�Y�YDN� SER �awv R� �O�� R u�R�t �DrmU� �xr
a pwrU QO �OwW�t pwRwD�U Ca

��

Vkv Z��kv� �wQW QO 	Ca�� �R�U�yQ w xQ�NP �� xS� w Qw� x� xm OQ�O OwHw �tUqB wmQ�U �xm�W
�OQ�O

w CN�U QO ����� pmW� CU� ���DQ� QO lt�Ov� u�� �� xm ���We x�oDUO w �tUqB wOv� �xm�W
�OQ�O Vkv pwrU ��We u�t��D

شبکه ى اندوپلاسمى

گلژى

اندوزوم نهایىوزیکول ترشحى

لیزوزوم

اندوزوم ابتدایى

خارج سلول

pwrU uwQO ���We x�oDUO ���DQ� ���� pmW



�� pwrU Q� ��xtOkt

�Sro sUH ���

xm ����� pmW� CU� ��vQDU�U x� swUwt ���We uyB 	xU�m 
 �D � R� 	�xawtHt �	Sro sUH Qy
�T�U OQ�O K�U wO 	Sro sUH Qy �Ov�xOW pYDt Qo�Om� x� �pmW 	�xrwr� �rw� wD C����DQ� �UwD
CQwY �yu� Q� xm �D�Q��eD R� TB �	OwQw O�wt xm �Tv�QD w OQ�PB�t �Q ER R� �r�UQ� 	�ypwm� Rw xm

OvwW�t GQ�N K�U u�� R� w OvvR�t xv�wH ���ypwm� Rw �r�k QO �OQ�o�t

[

[

سطح سیسوزیکول گلژى
شبکه سیس

(CGN)گلژى
سیسترناى سیس

سیسترناى میانى
سیسترناى ترانس

شبکه ترانس
(TGN)گلژى

وزیکل ترشحى
سطح ترانس

VR�OQB R� TB �Ovm�t Ci�� QO �tUqB wOv� �xm�W R� xOta Qw� x� �Q �ypwm� Rw T�U K�U 	�Sro sUH ���� pmW

�OQ�o�t CQwY Tv�QD K�U R� ���yv OYkt x� p�UQ� 
�ypwm� Rw u�� uwQO ��wDLt

w OvQ�o�t Q�Qk �	Sro T�U 	xm�W QO �OD�� �OvwW�t 	Sro OQ�w T�U CtU R� xm ���yu�	DwQB
CtU x� p�kDv� �� ��vQDU�U Qy QO C�Q��eD u�� �OvwW�t pYDt 	�yO� Q�m �Uwo�r� QO �D�Q��eD ptLDt
	xm�W QO �xOW VR�OQB 	�yu�	DwQB �OwW�t xO�t� OwN ���yv OQmrta 	�Q� u�	DwQB w O����t xt�O�Tv�QD
	Sro sUH QO �vQDU�U Qy �OvwW�t xO�DUQi ���yv OYkt x� w 	Ov�xDU� �ypwm� Rw QO �	Sro Tv�QD
Oa� w p�k 	�vQD�U �� w CU� C��F w X�N 	�ys� Rv� R� 	�xawtHt xH�Dv QO w XNWt C�rw	Ut 	�Q�O

�OW���t Cw�iDt

OUQ�t Q
v x� �OQ�O �YNWt��DQD w �r�wD OQ�o�t CQwY 	O� Q�m �Uwo�rw� 	xQ�HvR Q� xm �D�Q��eD
CyH xm ���ypwrU �OvQ�O 	�H lt�Ov� u�� ��We QO �oty �	Sro sUH h���w QO pw	Ut 	�ys� Rv�
	�ypwrU xrtH R� �OvDUy 	�xOQDUo 	Sro 	xm�W 	�Q�O Ov�xOW �Y�YDN� ��yu�	DwQB wm�ro KWQD

����� pmW� �Ovvm�t KWQD Twmwt xm xOwQ sw�rD�B� QO Cr��o

�� Golgi apparatus �� �u� �tHcisterna �cicternae� �� Cis golgi network �� Trans

golgi network

�� C��r�e pw� OQwt QO xm Cw�iD u�� �� OvDUy u��DwQB w Ovk R� pmWDt �D���mQD wO Qy u�m�row�DwQB w u��DwQB wm�ro �

�OQ�O C��r�e Ovk Q�N� OQwt QO xm �r�L QO CU� �v��DwQB �RH
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ترشح موکس از
سطح رأسى

]

10μm

وزیکول هاى ترشحى
حاوى موکوس

دستگاه گلژى

هسته

QO Twmwt �xOvvm KWQD �Cr��o pwrU ���� pmW

�xOwQ

�OQ�O xOya Q� lt�Ov� u�� xm �Qo�O �xi��w
x� ��QFm � xm CU�yu�m�row�DwQB �Ov�syQU �v�� R�t
Tm� QD�t u�tDN�U QO w OvwW�t KWQD pwrU uwQ��
x� pYDt CQwY x� �� OvQ�o�t Q�Qk �rwrU GQ�N

�OQ�o�t Q�Qk pwrU �vwQ�� K�U QO �We
ltm x� �Sro sUH Q�DN�U�Q�O��B w�yOu�tR�U
Tm� QD�t w 	�rwrU CrmU� 
�RH� R�� �ypw� wDwQm�t
��y�vQDU�U �DU� Q�O Vkv QO���Sro �tUqB wD�U
xO�O �OQ�o�tCQwY	OQ�O�t xov sy Q�vm QO �Q Qw�Ht
xv�wH ��ypwm� Rw j�Lr� sOa CQwY QO �DL xOW
��yu��DwQB ��Sro sUH p�mWD CyH �ER R� xOR
xm Ov����t �tHD swRwQDv�U �m�ORv QO Tm� QD�t
QO �Sro sUH p�mWD QO �yu��DwQB u�� Vkv O� �wt
�vW xt�O� QO swRwQDv�U ��� CU� OwN �rY� x�o��H

�	s� wW�t
x m O vwW� t � v� t � yu � � DwQ B u �� u � vJs y
�Sro R� ��y�vQDU�U u�� QO xOR xv�wH ��ypwm� Rw
uOW xr� QiUi �� pwrU s�UkD s�ovy QO �OvwW QwO
��Sro sUH R� uOW �OH xH�Dv QO w �yu��DwQB u��
u�� �OwW�t VNB pwRwDU�U QU�QU QO lt�Ov� u��
pwrU wO u��t �Sro sUH pO�aDt s�UkD QO xr�Ut

�OQ�O C�ty� �QDNO

�CU� xOW KQ�t Qw�Ht ��y�vQDU�U u�� �yu��DwQB ���Hx��H ��Q� sU�v�mt wO
��yu��DwQB xm OvDUy�D��F ��yQ�DN�U�Sro ��y�vQDU�U pOtu�� j�� � �Qqwm� Rw p�kDv� pOt �hr��

xm ���ys� Rv 	UwD �l� Qy QO w OvwW�t �Hx��H �yu u�� ���ypwm� Rw QO �VR�OQB p�L QO
�y�vQDU�U u�� �ypwm� Rw ���Hx��H OQwt QO �OvwW�t VR�OQB �OvQ�O Q�Qk lt�Ov� 
�We QO
���Hx��H Q�N� sQi QO �Q�OCyHQ�e w Q�OCyH ���Hx��H �OQ�O OwHw x��Qi wO pOt u�� QO
Tv�QD R� w OQ�w T�U CtU R� �ypwm� Rw xm �Hu R� �t� �CU� �iO�YD CQwY x� �ypwm� Rw

	hr������ pmW� �CU� Tv�QD x� wQ �ypwm� Rw CmQL CyH Ov�Q� OvwW�t GQ�N
�� Cytoplasmic golgi matrix �� Vesicular transport model



�� pwrU Q� ��xtOkt

�vQDU�U Qy xm��DQD u�O� �OvQ�Ol�t�v�OC�a�w �y�vQDU�U �pOt u�� QO � ��vQDU�U dwr� pOt ���

����ypwm� Rw�UwD u� R��v OQwt��ys� Rv� w OwW�tpkDvt�Oa� x�o��H x�VD�r�ai s�Hv� R� Oa�
R� xm ���ypwm� Rw wU l� R� 	OvwW�t OQ�w CU� xOw� x�o��H u� QO 
q�k xm ���vQDU�U R�
�xm�W Qo�O �wU R� w OvR�U�t �Q T�U �xm�W w OvwW�t jLrt Qo�Om� x� Ov�xOt� ER
pwrU QU�QU QO OwN pta x�o��H CtU x� xm OwW�t xDUmW ���ypwm� Rw x� �Sro Tv�QD

����� pmW� 	OvwQ�t

سیسترنا
میانى

سیس تجمع توبولىترانس
وزیکولى

الف)مدل انتقال وزیکولارب)مدل بلوغ سیسترنا پروتئین هاى ماتریکس

ER CGN TGN

�vQDU�U dwr� pOt �� Qqwm� Rw p�kDv� pOt �hr� ��Sro QO Qw�Ht ��y�vQDU�U u��t O�wt p�kDv� pOt wO ���� pmW

����tvy�Q� ��QJ �Ovm�t C��tL pOt s�Om R� CUq� wQ��i pwrU QO uSqm uOW xDN�U �tW Q�v x� 	p��wU
�	OwW�tv �H lJwm ��ypwm� Rw QO w CU� �oQR� Q��U� u��DwQB uSqm

x� uO�UQ ��Q� X�N �r�wD w ��DQD �� u��DwQB uOQwN �D �Hwt �xrLQt x� xrLQt uOW xr� Rwm�ro
Rwvy xm OwW�t ���yu��DwQB �wUQ w uO��UJ sy x� 	v�t u�vJsy w OwW�t �Hwt �Q �U�vt Q�DN�U
QO 
qFt 	OQ�O xOya Q� sy �Q u��DwQB OQmrta �� ��DQt h���w �O� Q�m �Uwo�r� Q�DN�U OwHw 	Ov�xOQwNv �D
l�D�rw�DwQB ��ys� Rv� ZQat QO uDiQo Q�Qk w ��U� 	v�t �twRwR�r ��ys� Rv� w pwrU K
U ��yu��DwQB
w �rwrU u�� Cq�YD� ��v�Uwt VWwB Vkv u�wD�t �D�QO�yw� Qm ��yxwQo u�� h���w Q��U R� 	OwW�t

	OQ� s�v �Q� � �

����tvy�Q� �OwW�t xOQwNv �D ��yu��DwQB �wUQ w 	tHD 	v�t xvwoJ �yO� Q�m �Uwo�r� uOW xi��� 	p��wU
�	OvwW�t xO�O Q�WDv� Q�DN�U uwQO �R� Qo�� ��yVN� QFm � xOQwN �D u��DwQB l� QO

swRwR�r ���

w �ys� Rv� 	OQ�O Vkv �ypwmrwtwQm �t s�y QO xm CU� s� Rv� �� R� V�� �� Q�O�We �mt�Ov� �swRwR�r
lt�Ov� u�� u�wD� xm xOW �Hwt �oS� w u�� 	OvDUy lt�Ov� u�� �Y�YDN� �swRwR�r ��We ��yu��DwQB
�� Cisternal maturation model �� Lysosome
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x� �Q �yu� u�wD�t xR�Ov� w pmW QO Q��U� Cw�iD OwHw �� xH�Dv QO �OQm �R�t�nvQ xS� w �O���Dv� �� �Q
�CN�vW OL�w lt�Ov� l� u�wva

کلروپلاست
گرانوم

دیواره ى سلولى

واکوئل

�twRwR�r � x�W Q�DN�U l� �p�wm �w ���� pmW

R� �O�� R sHL �y��o ��ypwrU QO w OwW�t �wULt

	Ovm�t p�eW� �Q pwrU

�OvDUy �O�U� ��yRqwQO�y swRwR�r ��ys� Rv�
�O�U���Lt x� OQmrta uDW�OCyH xm �vat u�O�
u�� C�� wDLt uDN� Q CQwY QO xH�Dv QO �OvQ�O R��v
C�� wDLt �x� RHD ���v�wD �pwRwD�U uwQO x� lt�Ov�
�UwD swRwR�r uwQO �O�U� ��Lt �OvQ�Ov �Q pwrU
hQYt �� xm OwW�t O�H�� uSwQO�yAtB �Y�N 	wv
swRwR�r utwr x� pwRwDU�U R� �Q uSwQO�y uw� �ATP

�Ovm�t pkDvt
s�v x� �oQR� �twRwR�rx�W ��yQ�DN�U u�y��o QO
V�� p
wm �w �OvQ�O xOya Q� �Q x��Wt h���w�p
wm �w
pmW� Ovm�t p�eW� �Q pwrU sHL �� �D �� R�
pLt p
wm �w ��m�D�rwQO�y Vkv Q� xwqa ������
QO �CU� O
�R ��yC�rw��Dt w ���Pe O�wt �xQ�NP
pwrU�QoQwD Q�Wi�iL x� �yp
wm �w �y��o ��ypwrU
QO w OwW�t OQ�w pwrU x� xQ�w�O hQ� R� xm �Q�Wi�
��yVkv �Ovm�tltm �OwQ�t u�� R��oOQtSB OQ�wt
R� xm xOW xDN�vW p
wm �w ��Q� �Q��U� �Y�YDN�

�s�WwB�t sWJ u� K��wD

�OQ�O OwHw xOta Q�Ut xU �OvwW x� RHD swRwR�r �UwD O��� xm �O�wt OwQw CyH
���ypwm� Rw �UwD �Ov�xOW pwrU OQ�w �RwD�Uwo �i RH x�� RwD�UwOv� �� xm �O�wt pw� Q�Ut QO
��ys� Rv� ����OD�� swRwOv� �OwW�t xOQ� ����OD�� swRwOv� s�v x� �rmW uwO� �rwrU uwQO lt�Ov� x�
xrLQt u�� QO �Ovm�t Ci�� QO Ov���t �Sro R� xm ���ypwm� Rw �x�U�w x� R�v �Q �twRwR�r l�D�rwQO�y
Oa� �xrLQt QO �OvwW�t wQx� wQ l�D�rwQO�y ��ys� Rv� �� Q�� u�rw� ��Q� xOW RwD�UwOv� ��ypwmrwtwQm �t
�x�U�w x� �xOW s	y O�wt R� �	a� u�vJsy w Ov�xOW pwrU OQ�w pwm� Rw x�Qty xm ���yxOvQ�o w �ys� Rv�
w OwW�t jLrt swRwR�r x� �OQ�O s�v ����yv swRwOv� uwvm � xm swRwOv� �OvOQo�t R�� �We x� ���ypwm� Rw
OvwW�t x� RHD sRwR�rwOv� QO OwHwt O�wt swRwR�r �QDV�� O�OaD j�Lr� �� �OyO�t �Q �swRwR�rwOv� p�mWD
�� Vacuole �� Turgor pressure �� endosome Early �� Late endosome

�� Endolysosome
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غشاى پلاسمایى

شبکه ى ترانس
گلژى

اجسام چندوزیکولى

میکروتوبول

اندوزوم ابتدایى

انتقال باواسطه ى
میکروتوبول

اندوزوم نهایى

اندولیزوزوم

لیزوزم

pL�Qt pmW u�� QO �swRwR�r �UwD s�y ���� pmW
�O�v���t �Q swRwR�r uwQO x� xOW RwD�UwOv� O�wt OwQw
OvR�t xv�wH uwQO x� CQH�yt p�L QO swRwOv� ��We

pw� wDwQm�t OyO�t p�mWD �Q �rwm� Rw OvJ s�UH� w
�vW	 u	 �� xt�O� QO xm CU� �rwrU CrmU� ��RH� R�

�O� wW�t

�Ov�t� �k�� s�y Q�O O�wt �tm Q�Okt�ki xm �Hu� �D
pmW� OwW�t xO�t�v swRwR�r xrLQt u�� QO lt�Ov�
x� swRwOv� x� �w� Qt ���We ��yu��DwQB �	
��

�OvOQo�t R�� swRwOv� x� �OOHt ���ypwm� Rw �x�U�w
��ysU�v�oQ�wQm�t w nQR� C�QP swO Q�Ut QO
Q�DN�U	r�k QO w 	RwD�Uwo �i� 
r� pwrU�UwDlJwm
�D OvwW�t xOQ� swRwR�r x� �swRwo �i s�v x� �Q�O�We
sDU�U ��ypwrU QO Q�Ut u�� �OQ�o CQwY s�y
�y�QDm �� RwD�Uwo �i xm �p�iwQDwv w S�iwQm �tOvv�t�vt��
�OwW�t xO�O �OvQ�O xOya Q� �Q sH�yt ��ysU�v�oQ� w
w �ylt�Ov� O�wt uOv�OQo R�� pw�Ut swU Q�Ut
p��k pmW x� �pwrU �xO�Di� Q�m R� w �w�at ��RH�
�w�at lt�Ov� �CU� pwrU ��Q� OOHt �xO�iDU�
�We x�q wO �UwD ��S�iwD�� x� swUwt �Ov��Qi ��
w OwW�t x��L� 	CU�v XNWt u� ��Wvt xm �
Oa� �xrLQt QO �OyO�t �Q swRwo �iwD� l� p�mWD
QO �w�atlt�Ov� w xOW jLrt swRwR�r x� swRwo �iwD�
�xt�O� w OQ�o�t Q�Qk l�D�rwQO�y ��ys� Rv� ZQat
xU u�� R� ��xYqN �CU� p�k Q�Ut wO x��Wt Q�Ut

�O�vm�t xOy�Wt 
��
 pmW QO �Q Q�Ut
مایع خارج سلولى

سیتوزول
فاگوزوم

غشاى پلاسمایى

لیزوزوم

اتوفاگوزوم

اتوفاژى

اندوزوم نهایى
میتوکندرى

اندوسیتوز

اندوزوم ابتدایى

باکترى
فاگوسیتوز

swRwR�r x� O�wt OwQw �xOta Q�Ut xU ���� pmW



�rwmrwt �U�vWCU� R ��

uwQDmr� p�kDv� xQ�HvR ���

O�� R ��oOvvm ��L� C�Y�N �� �r� O�wt R� xm OvOw� ���yCw� Q�mwQB �x�rw� ��ypwrU OUQ�t Q�v x�
O�rwD ��Q� �OvOW�t O�rwD �CiQ�PB�t s�Hv� pwrU GQ�N QO xm ����t�W ��yVvm �w �UwD O�wt u��	
�xHQO �� �r� O�wt x� O�wt u�� uwQDmr� �OwW�t xO�t�v Q�tND xm �Wvm �w �
 �OvOQm�t xO�iDU� �SQv�
R� ��OW�t ��O�Um � ��Uv Qw
 x� pw� �r� �xO�t �u� �xH�Dv QO	 OW�t pkDvt QDu���B �oOvvm ��L�
x� ATP �OW�t xO�iDU� �uw�Uq� QwiUi Ov��Qi �� �ATP CN�U ��Q� Vvm �w u�� �
 xOW O�R� �SQv�
�xO�t �� x�Qty �uOW ��L� R� TB R�v uwQDmr� �xOvQ�PB �r� �xO�t �Ovm�t pta pwrU �SQv� OL�w u�wva
O�wt u�� u� QDsyt xrtH R� ����� pmW	 OW�t pkDvt pwrU uwQ�� x� O��R �xO�t u�wva x� xOW O�Um �

�CU� O�U� l�v�UmwU w O�U� l�DU� �O�U� l�tQi �O�U� l�Dm q �RwQt� ��y�QDm �� QO O��R

سوخت احیا کننده سوخت اکسید شده

پذیرنده ى الکترونفرم احیا شده ى پذیرنده

ATPADP+
Pi

Q�tND Ov��Qi �� ATP O�rwD ���� pmW

�oOvR ��Lt OwQ�t Q��Dv� �OvwQ u�� �xt�O� ��
G� QOD x� ��r� ��yO�U� uOv�Q uwQ�� �� sU�v�oQ�wQm�t
OwQw x� QHvt ��Lt QO H� V��Ri� �OwW �O�U�
xm OwW�t u� uOW �O�U� w pwrU uwQO x� uw� u��
pwrU nQt C��yv QO w �DU� R ��yVvm �w �� pN�OD
G� QOD x� �Q�Wi u�� p��kt QO �CW�O Oy�wN �B QO �Q
�SQv� R� �WN� OvDUv�wD �ysU�v�oQ�wQm�t R� �NQ�
pwrU R� H� uDN�UGQ�NCyH �QATP QO OwHwt
hQYt �� �t� Ow� �D��L xJQo pta u�� �OvQ� Q�m x�
�O�O�t Vy�m �Q �SQv� O�rwD u�tOv�Q �pwrU �SQv�

�a�wv��L�Y �ysU�v�oQ�wQm�t R� �ywQo u�tR u�� QO �OW wQx� wQ Ow�tm �� �QDV�� hQYt �� �SQv� ���vt
�oOvvm ��L� �xHQO �� �r� �xO�t wO u��t �uwQDmr� p�kDv� �SQv� R� xm OvOW ���We ��yu�	DwQB R�
x� OvDUv�wD �ypwrU u�� R� �ywQo G� QOD x� �OvOQm�t xO�iDU� pwrU uwQ�� x� H� AtB CyH �Cw�iDt
CyH	 uwQDmr� �xOvyO u�wva x� Q�tND p��kQ�e O�wt R� �Q�tND Ov��Qi QO �iQYt O�wt R� xO�iDU� ��H
�rt�mD uU �L l� Q�PB Q�tND O�wt Ow�tm ���QW QO �oS� w u�� �Ovvm xO�iDU� �pwrU GQ�N x� H� AtB

�OW�t �wULt

xOvvm O�Um � Q�N� pwmrwt u�� w Ovvm pkDvt �Qo�O pwmrwt x� �Q uwQDmr� u�� OQ�O p��tD xm �SQv�QB uwQDmr� �� ��xO�t ��

�OwW�t xO�t�v

CUO R� �� 	qwtat xm OyO�t CUO R� uwQDmr� xO�t l� u
 u�� QH QO xm OwW�t jq�� ���yVvm �w x� uw�U�O�Um � ���

�CU� Ov��Qi u�� Tma �Wvm �w uOW ��L� CU� x�Qty uS�Um � �� uOW ��mQD �� uSwQO�y uO�O
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�OvDUv�wD �ypwrU �xO�t wO u�� uwQDmr� p�kDv� ���Q�m V��Ri� �� xm Ow� �v�tR sDU�U u�� pt�mD Gw� �t�
R� �WN� CWoR�� �� p�L �Ovvm AtB uwQ�� x� �Q H� �CU� R��v C�twtUt sOa CyH xJu� R� V��
CyH QO� ATP x� xDU��w H� AtB u��t R� �pwrU uwQO x� ����t�WwQDmr� ��W CyH QO� H�

OQm�t ltm pwrU 	SQv� u�t
�D x� sDU�U u�� �OW�t xDN�U ATP ��u�� R� V�� �D u� OQmrta Tma
�OvDiQo Q�Qk C� QFm � QO Q�N� xwQo u�� Q�tND p��k O�wt Vy�m �� ����� pmW�

ADPATP +
Pi

مرحله1

H
+

ADP ATP+
Pi

H
+

ADPATP +
Pi

مرحله2

H
+

H
+

مرحله3

e
-

H
+

H
+

e
-

H
+

H
+

H
+

H
+

e
-

H
+

H
+

H
+

H
+

e
-

AtB CyH ATP �SQv� R� xO�iDU� �� �xrLQt ��Dw� Q�mwQB ��ypwrU QO uwQDmr� p�kDv� �xQ�HvR pt�mD pL�Qt ���� pmW

	pwrU GQ�N x� uwDwQB AtB CyH xO�t wO u��t uwQDmr� p�kDv� R� pY�L �SQv� R� xO�iDU� �
 �xrLQt 	pwrU GQ�N x� uwDwQB

	ATP RDvU Q�Ut QO u� R� xO�iDU� w ����t�WwQDmr� ��W O�H�� CyH ���Q�m V��Ri� �� �xrLQt

u��Q��v� �OW wQx� wQ O�OyD �� C��L 	�k� ���Lt QO xOvvm ��L� �r� O�wt Vy�m OvwQ 	xt�O� ��
s�Rr� �h�Q�� ��Lt R� �yu� u�t
�D p��kt QO� �r� O�wt u�� O�rwD CyH 	Q�Ut uDi�� 	�Q� �W�Ov�xQ�J
x� ��yC�QO�yw� Qm xrtH R� �r� O�wt u� Qm u�t
�D CyH R��v OQwt CO� RwQ u� wH QO �Ci���t 	QDV��

�Ow� 	SQv� 	xQ�NP x� QO�k pwrU �u� ���L� �� xm OW�t Ci�� �v�w�Qi

�H�O w H� S Ovv�t� u���B �oOvvm ��L� C�Y�N �� �r�Q�e O�wt �xOvvm ��L� �r� O�wt Vy�m ��
OwHwt u� Qm 	��L� CyH �i�m 	SQv� O�wt u�� uwQDmr� �t� �Ov�t�t �k�� uSwQO�y w uwQDmr� u�t
�D CyH
V��Ri�CyH �v�Qwv 	SQv� R� OvDUv�wD �ypwrU �	O�rm �rt�mD 	xO�OBl� O�ONQ �� �CW�Ov �Q CO� QO
�Q 	Qwv 	�yuwDwi OvDUv�wD�t xm �Ow� �y�sDU�UwDi V��O�B xO�OB u�� �Ovvm xO�iDU� �yuwQDmr� u�� 	SQv�
�uwQDmr� p�kDv� 	xQ�HvR uDN�Ov� x�Q x� �� 	Qwv uwDwi �k�w QO �Ovvm R�r�D�m �Q uwQDmr� p�kDv�Vvm �w w �PH
���� pmW� �OQm�t pkDvt 	SQv� QDq�� Kw�U x� �Q uwQDmr� �OW xDio u�� R� V�B xm �DyH hqN Q�

�� Photosystem
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فتوسیستم

نورباعث جدایى
بارها میشود.

H2S

2H+
S +

+

Fd

H
+ + NADP

+
NADPH

ردوکتاز
NADP

�SQv� V��Ri� CyH �v�Qwv �SQv� R� xO�iDU� ���� pmW

pk�v u�OvJ ltm x� �SQv� QB uwQDmr� �sDU�UwDi QO uwQDmr�
swUwt Q�Ouy� �v��DwQB �yu� u� QDsyt R� �m� xm � uwQDmr�
x� R�DmwOQ NADP s� Rv� �UwD 	CU� 
Fd
 u�UmwOwQi x�
u�wva x� Ovm�t ��L� NADPH x� �Q u� w pkDvt NADP�

R� uwQDmr� �Ovm�t pta pwrU QO �SQv� QB uwQDmr� pt�L l�
u�t��D H� S �x� RHD �x�U�w x� R�v sDU�UwDi �xDiQ CUO

�OwW�t

sRq �SQv� xm ���Hu� R� �Ow� H� S �OD�� QO OW�t xO�iDU� uwQDmr� �xOvyO u�wva x� xm ��xO�t
p�kDv� �� xU��kt QO �	q�� �oOvvm ��L� CQOk �� �rwmrwt
 � NADP

� x� H�O R� uwQDmr� p�kDv� ��Q�
�w� Qt sDU�UwDi wO uDiQo Q�Qk sy Q�vm QO �� H�O R� p�kDv� �CU� QDV�� �NADP� x� H� S R�
p�kDv� Q�Ut QO 	II sDU�UwDi� �v�weQ� �QDm �� w I sDU�UwDi� R�U �QDm ��
 �Cw�iDt sU�v�oQ� wO x�
R� C�rw��Dt u�wva x� O� Q�Ut u�� QO �OwW�t xO�O �y�QDm �� wv��U QO sDU�U u�� �OW umtt uwQDmr�

�OQ�O s�v l�vS�Um � RDvUwDi �u��Q��v� �	���� pmW
 OwW�t GQ�N pwrU

Iفتوسیستم

Q

PC

NADP
+

NADPH

نورباعث جدایى
بارهامى شود.

نورباعث جدایى
بارهامى شود.

+

-

+

-

b-fکمپلکس

H
+IIفتوسیستم

انرژى نوربراى تولید
NADPHوATP

به کار گرفته مى شود.

H2O

�QDm �� wD��U w x��o CUqB wQrm ���� pmW

Cra x� uS�Um � �Ci�� V��Ri� CaQU x� wH QO O� C�re �ysU�v�oQ�wQm�t R� xwQo u�� VQDUo ��
�Ow� �tU pwrU ��Q� �uOQm O�Um � QO q�� ���v�wD w uOw� p�ai

uw�U�O�Um � R� pY�L uwQDmr� p�kDv� ��H x� �y�QDm �� R� �ywQo ��a�iO sU�v�mt l� u�wva x�
xrtH R� pwrU uwQO ��yVvm �w QO O�wt ���L� CyH uwQDmr� uDiQ�PB R� TB �CU� uwQDmr� pt�L NADP

� 	�
�OwW�t xO�t�v NADPH xOW ��L� sQi QO xO�t u�� OwQ�t Q�m x� u� Qm ���L�
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�OvOQm pkDvt uS�Um � x� uwQDmr� p�kDv� �xQ�HvR QO �Q uwQDmr� u�� ��r� ��ypwmrwt x� �SQv� QB O�wt
uS�Um � �uwQDmr� p�kDv� �xQ�HvR uOW QDOt�Q�m Q� xwqa �OwW�t 	� pwmrwt O�rwD x� QHvt xm �Wvm �w
�� OvOw� �v��JQ�mW x�rw� ��yCw� Q�mw� �CiQo pmW �R�wy TivD pmW u�O� �OW�t �FvN R�v �tU

�Wvt �q�tDL� �OvOQm�t u�t��D �Q OwN �SQv� Q�tND Ov��Qi w �yCw� Q�mwQB R� x�PeD �� xm ��R�wy�� sU�rw��Dt
��yCw� Q�mwQB ��a� OUQ�t Q�v x� �OQm wHwCUH �oOvR l�U u�� QO O��� �Q �QOvmwD�t w CUqB wQrm
�UwD s�y p��kt QO �OvOw� xOW Cw� Q�mw� pwrU OQ�w RwD�Uwo �i Ov��Qi � xm ��R�wy TivD x� QO�k
�awv �Q�opmW R�Uxv�tR Cw� Q�mw� pwrU uwQO �yCw� Q�mwQB u�� uOv�t �k�� �OvOQm Ctw�kt �ypwrU u��
ATP R� Cw� Q�mw� pwrU �O�t�Hv� ��QOvmwD�t s�v x� �mt�Ov� �Q�opmW x� xm OW �DU� Rsy � uwQO
R� w �OQm�t xO�iDU� �OwW�t xO�t�v �QOvmwD�t uwvm � xm Cw� Q�mwQB QO� �R�wy TivD � xOW xDN�U
Q�Qk �QOvmwD�t Q��DN� QO �Ow� �QDOt�Q�m �JQ�mW xm Cw� Q�mw� pwrU �UwD �SQv�QB �r� O�wt Qo�O �wU

����� pmW� �CiQo�t

سلول پروکاریوتى بى هوازى اولیه

شکل گیرى هسته

سلول یوکاریوتى بى هوازى
فاقد میتوکندرى

سلول یوکاریوتى، سلول پروکاریوتى هوازى
را در بر میگیرد.

سلول یوکاریوتى حاوى
پروکاریوت هوازى همزیست

پروکاریوت هوازى

DNA

�DU� Rsy uwQO �Qw�D j���t �QOvmwD�t �Q�opmW ���� pmW

�Dw� Q�mwQB �� �Q �DU� Rsy � uwQO R� Qo�O �awv �x��Wt �Q�Ut QO �JQ�mW ��yCw� Q�mw� R� �ywQo
�� Ow� u�tRsy j�iD� u�� �OW O�H�� �CUqB wQrm u� �B QO w OvO�O pmW �CW�O l�vS�Um � RDvUwDi xm
�CU�yl�rH w �y��o ��ypwrU XwYNt lt�Ov� CUqB wQrm �u�Qwv�H w u�y��o �wQv�tQi wO ���OH
Ci�� QO pwrU R� �Q OwN R��v OQwt O�wt w xOW C�i�Lt �pwrU R��v OQwt C�QO�yw� Qm O�rwD p��kt QO xm
pwrU x� �lt�Ov� uwQO �m�DvS x�oDUO R�lt�Ov� wO u�� R��v OQwt ��ys� Rv� �NQ� RDvU G� QOD x� �Ovm�t
�OvwW�t lt�Ov� OQ�w sUqB wD�U QO uOW xDN�U R� TB �yu�	DwQB w �ys� Rv� u�� �OW pkDvt Cw� Q�mw�
�� Mitochondria �� Chloroplasts
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�OQ�O OwHw �rt�mD �Qw�D u�� R� ��iO QO �Oy�wW

u�Ovw�W� wN x��Wt �rN�O ��We QO �yu��DwQB w �yO�B�rwiUi��mQD xm OvQ�O �We wO �ylt�Ov� u�� �	
�xOvQ�oQ� QO swRwo �i R� pY�L �k�w QO
 Cw� Q�mw� pwrU ��We x��Wt �HQ�N ��We QO w ���� QDm ��

�CU� �Cw� Q�mwQB pwrU

�OQ�O CrqO lt�Ov� wO u�� �Dw� Q�mwQB ��Wvt Q� �wkrL DNA u�OvJ OwHw w �m�DvS x�oDUO ��

��yswRw�� Q x��Wt xR�Ov� w Q�DN�U Q	v R� xm OQ�O OwHw ���yswRw�� Q lt�Ov� wO u�� uwQO ��
�OvDUy �Dw� Q�mwQB

xm �D�Q��eD �� xOW RwD�Uwo �i Cw� Q�mwQB w Cw� Q�mw� pwrU �	 �O�DUy ji�wt w� Q�vU s�Om �� �tW �p��wU
�Q�opmW x� QHvt C��kQ u�� xm OvDW�O p��kt hQ� R� xO�iDU� QFm �OL QO �aU OW�t Q�O�OB �yu� QO
CqwYLt R� �WN� xm Cw� Q�mwQB pwrU �s�vm x�ov x
��Q u�� x� �QDV��Ci�
r �� O��� �� �OW �DU� Rsy
Cw� Q�mw� pwrU R� �Q OwN R��v OQwt O�wt R� �WN� �QmWD u�wva x� O�O�t Q�Qk Cw� Q�mw� Q��DN� QO �Q OwN

�O�yO KQW �Q OwN p�rO �Ci�� pt�mD pmW u�� x� x
��Q w OQm Ci�� QO

�s� wW�t �vW� QDV�� lt�Ov� wO u�� Q�DN�U �� xt�O� QO

�QOvmwD�t ����

OwW�t xO�O ��We wO �QOvmwD�t QO �OQ�O pmW Q��eD w lQLD C�r��k xm CU� pmW ��xv�wDU� �mt�Ov�
�����	 pmW


غشاى داخلى

غشاى خارجى

ماتریکس

کریستا

�xOQwNu�J �rN�O ��We w h�Y �HQ�N ��We ��We wO �� �mt�Ov� �	QOvmwD�t Q�DN�U ���� pmW
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��q�� �Q�PBPwiv �uwDr�O ���� Q� R �xR�Ov� �� hrDNt O�wt x� C�Uv w xOw� h�Y xm �HQ�N ��We
CtU x� xm ���yVN� 	CU� xOQwNu�J COW x� �HQ�N ��We hqN Q� xm �rN�O ��We w OQ�O
CL�Ut V��Ri� ��U x� ��y�oOQwNu�J u�� 	OyO�t p�mWD �Q ��y�DU� Qm �CU� xOQwNu�J uwQO
�u��DwQB xDUO xU 	OQ�O �O�� R C�ty� ��We u�� �UwD �R�wy TivD �� ��DQt ��yVvm �w s�Hv� CyH
OvyO�t p�mWD �Q uwQDmr� p�kDv� �xQ�HvR xm ���yu��DwQB 	
 �OvyO�t s�Hv� �Q �We u�� h���w xOta
�Q H� u�tRsy w Ovvm�t pkDvt uS�Um � x� NADH w FADH� uwQDmr� u�rt�L R� �Q uwQDmr� w
CyH �We �wU wO QO C�re hqDN�� H� u��O�Qo R� xm R�DvU ATP 	� 	Ovvm�t AtB uwQ�� x�
�We wO u�� �QOvmwD�t ��We R� O�wt p�kDv� �� ��DQt ��yu��DwQB 	� 	Ovm�t xO�iDU� ATP CN�U
w PH �����t�W ��mQD ��Lr R� ��HQ�N ��We �q�� �Q�PBPwiv Cra x� xm OQ�O OwHw ��v���v�� ��	i
C�� wDLt �
k�w QO xm OQ�O OwHw �Tm� QD�t s�v x� ���	i �rN�O ��We uwQO 	CU� pwRwD�U pO�at� � �

��QOvmwD�t �m�DvS x�oDUO �RH� Q��U w swvS �w�L Tm� QD�t 	CU� �QOvmwD�t �Wvt �Dw� Q�mwQB pwrU
GwQN Cra x� 	CU� Ov��DQt �r� O�wt uw�U�O�Um � �� xm ���yu� xrtH R�� OOaDt ��ys� Rv� w swRw�� Q

	OwW�t QD����rk pwRwD�U x� C�Uv Tm� QD�t �uwQDmr� p�kDv� �xQ�HvR �UwD �rN�O ��We R� H�

s�eO� �� w s�UkD �OyO�t pmW Q��eD �Ovm�t CmQL pwrU QO xm CU� �m�t�v�O Q�DN�U �QOvmwD�t
s�UkD 	CU� �We s�UkD w l�DvS �xO�t Q�FmD pt�W �Dw� Q�mwQB pwrU Qy Ovv�ty u� s�UkD 	OwW�t
�xDUy s�UkD �xNQJ R� pkDUt �t� �OQ�o�t CQwY u� ��yR��v T�U� Q� w pwrU pQDvmCLD �QOvmwD�t

	CUv�O lt�Ov� u�� s�UkD Tma �OwOL �D u�wD�t �Q �QOvmwD�t s�eO� 	CU� pwrU

CUqBwQrm ����

w u�y��o QO w OvQ�O �O�� R C�y��WD xm CU�y�O�DUqB s�v x� �ylt�Ov� R� �ywQo w	a CUqB wQrm
CUqB wQrm pt�W �yO�DUqB 	OvQ�O swRw�� Q w �DF�Qw �xO�t ��We wO �yu� �oty 	OvwW�t xO�O �yl�rH
��HvQ�v �OQR ��ynvQ x� �O��wv�DwQ�m �D� �xO�wv�N ��yxR�ovQ ��Q�O�CUqB wtwQm �p�iwQrm xR�ovQ ��Q�O�
T�U� Q� OwN CUqB wmr 	OvwW�t ��xQ�NP Vkv ��Q�O �xR�ovQ uwO�� �yCUqB wmr w � � � w RtQk
CUqB w�q� �u��DwQB� CUqB w�DwQB �xDU�Wv� CUqB wr�t� �OQ�O �irDNt ��wv� Ovm�t xQ�NP xm ��xO�t

� � � w �� QJ�

OwW�t �D�Q��eD ptLDt O�DUqB wQB �Qwv Q��Q� QO 	OvQ�o�t ��Wvt O�DUqB wQB R� O�DUqB ��wv� �xty
�We wO �QOvmwD�t x��Wt �yO�DUqB �rm Qw� x� w CUqB wQrm 	CN�U Oy�wN �Q CUqB wQrm u� �B QO xm
xH�Dv QO 	OQ�O ��q�� �Q�PBPwiv w CU� xDiQo ��Wvt Cw� Q�mw� pwrU ��We R� �HQ�N ��We xm OvQ�O
pwrU u� ��Wvt w OQ�O �tm �Q�PBPwiv �rN�O ��We 	CU� pwRwD�U x��Wt �We wO u�� ��	i ��mQD
�� Cristae �� Intermembrane space �� Matrix �� Plastid
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��yQ�DN�U Qw�L �OQ�O OwHw CUqB wQrm w �QOvmwD�t u��t xm �Dw�iD �t� �CU� xOvvm RDvUwDi Cw� Q�mwQB
���	
 pmW� �OvwW�t xO�O CUqB wQrm �rN�O ��We uwQO ���i QO xm CU� �Ovv�t xU�m Q�O�We

،PH

غشاى خارجى

پوشش کلروپلاست

فضاى بین غشایى

تیلاکوئید

لاملا بالاPHاستروما؛

DNAحلقه

ریبوزوم

کره ى لیپیدى

گرانول نشاسته

استروما

تیلاکوئید

گرانوم

غشاى داخلى

غشاى تیلاکوئید

پایین)لومن(فضاى تیلاکوئید

xOvvm RDvUwDi lt�Ov� �CUqB wQrm ���� pmW

R� ��xm�W �u �xH�Dv QO w OvR�t xv�wH pN�O x� O�DUqB �vwQO ��We CUqB wQrm p�mWD s�ovy QO
u�� �We Q� uwQDmr� p�kDv� �xQ�HvR x�o��H �OvwW�t xO�t�v �O��wmq�D xm OwW�t O�H�� ��DQt ��yxU�m
Ovk O�rwD ��Q� R��v OQwt �ATP� �SQv� w �NADPH� xOvvm ��L� �xO�t u�t��D �xi��w xm CU�yxU�m
�wv wO O��wmq�D �CUv�O �QOvmwD�t QO �DU� Qm pO�at u�wD�t �Q �yQ�DN�U u�� �k�w QO �OQ�O xOya Q� �Q
��yswv�Qo �xawtHt w� swv�Qo �Ov�xDiQo Q�Qk sy �wQ Q� xm �yO��wmq�D R� �O�OaD �OQ�O ����twQDU� w ����v�Qo

�OvwW�t xO�t�v ���twQDU� VN� Ovvm�t pYDt sy x� �Q �yswv�Qo xm ���yxe�D �OvwW�t xO�t�v ��v�Qo
R��v OQwt ��ys� Rv �w�L w OQ�O s�v �twQDU� �O��wmq�D ��We w CUqB wQrm uwQO ��We u��t ���i

��OvwW�t s�Hv� �twQDU� QO xm � CU� Ovk O�rwD w CO� C��FD ���L� ��yVvm �w s�Hv� CyH
�� Thylakoid �� Granal �� Stromal
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OwW�t O�H��CUqB w�D� x� swUwt O�DUqB R� �Qo�O �wv �OQ�o Q�Qk �m� Q�D���QW QO O�DUqB wQB �Dkw
QO lt�Ov� u�� �OQ�O ���xe�DV�B s�UH� x� swUwt �rN�O ��yxU�m R� ��xm�W �O�	wmq�D ��H x� xm

�OwW p�O�D CUqB wQrm x� CU� QO�k Qwv ZQat QO uDiQo Q�Qk CQwY

QDq�� Kw�U x� �Q uwQDmr� ��Qwv uwDwi 
PH w Ci�� QO �� O�	wmq�D ��We Q� OwHwt ��ysDU�UwDi
p�O�D NADPH x� �Q u� w pkDvt NADP� x� I sDU�UwDi �SQv�QB uwQDmr� �Ovvm�t pkDvt �SQv�

�OwQ�t Q�m x� �twQDU� ��yVvm �w QO u� Qm ���L� CyH xm Ovm�t

I sDU�UwDi x� ��SQv� Vy�m CyH QO �uwQDmr� p�kDv� �xQ�HvR QO II sDU�UwDi �SQv�QB uwQDmr�
II sDU�UwDi �OwW�t O�	wmq�D uwQO x� uwDwQB AtB �Hwt Q�Ut u�� QO CmQL �� x�Qty w OUQ�t
����t�WwQDmr� ��W R� �Ovm�t u� Ro��H �u� uwQDmr� Ci�� QO w 
� pwmrwt �x� RHD �� �Q OwN uwQDmr�
ATP �OwW�t xO�iDU� �yR�DvU ATP �UwD ATP O�rwD ��Q� O�	wmq�D ��We u�iQ QO xOW O�H��

�OwW�t hQYt �twQDU� ��yVvm �w �SQv� u�t��D CyH xOW O�rwD

�O�v���t �Q uwQDmr� p�kDv� ��xQ�HvR w �ysDU�UwDi ���DQ� �ovwoJ ���� pmW QO

O�H�� �QDV�� ���Q�m �� CUqB wQrm w �QOvmwD�t lt�Ov� wO R� l�s�Om QO ����t�WwQDmr� ��W �p��wU
��QJ �OwW�t

swR�Um�QB ����

uS�Um � w 
� x� �Q xvS�Um � 
� xm �Rq�D�m xrtH R�� w�D�O�Um � ��ys� Rv� �wDLt w �We x�ql� �� �mt�Ov�
�Ci�� V��Ri� xOvvm RDvUwDi ��y�QDm �� C�r�ai Cra x� u�tR wH QO O� xm �v�tR �CU� �Ovm�t p�O�D
QO �OW�t 
wULt �a�iO sU�v�mt l� �R�wy TivD �Q�opmW Ovv�ty ��yCw� Q�mw� QO� lt�Ov� u��
s�Hv� QO �Q u� w OwW�t pwrU uS�Um � C	re Vy�m �Hwt uS�Um � hQYt �� �swR�Um �QB Ck�kL
�QOvmwD�t �Q�opmW �� swR�Um �QB OQmrta u��C�ty� xD�r� �OQ�o�t Q�m x� pwrU ��Q� OvtOwU ��yVvm �w

�Ci�� Vy�m �Ovm�t O�rwD �O�� R �SQv� uS�Um � hQYt �� xm

�OQ�O xOya Q� R�v �Qo�O h���w swR�Um �QB

�Q �yu� w CU�y�� QJ �uDNwU� uw�U�O�Um � pL�Qt R� �m� xm 
QJ ��yO�U� uw�U�O�Um ��D� ��
�Ovm�t xO�t� �QOvmwD�t ��yVvm �w x� OwQw ��Q�

hqe �rY� O�B�rwiUi �xO�t u�� �OwW�t s�Hv� swR�Um �QB QO uSwr�tUqB RDvU pL�Qt R� �WN� ��
�CU� ��Ya sDU�U QO u�r�t

�CU� u�y��o XDNt w OwW�t p�O�D Ovk x� �� QJ u� � xm Cq�Ro ��ro �xNQJ O�ONQ pLt ��

�� prelamellar bodies �� Peroxisome
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�rwrU CrmU� ����

w pwrU CmQL u�vJsy w pwrU uwQO �RH� �yOu�tR�U �pmW �iL CyH Cw� Q�mw� ��ypwrU QO
��yu��DwQB �OwW�t xO�t�v ��rwrUCrmU� xmCU� xDi�� pt�mD �yu��DwQB R� ��xm�W ��vwQO ��yQ�DN�U
QO �CU� �Dw�iDt �m�t�v�O w �Q�DN�U ��y�oS� w ��Q�O s�Om Qy xm OvQ�O �irDNt ��wv� �rwrU CrmU�

�s� wW�t �vW� �rwrU CrmU� �rY� �wv xU Q�DN�U �	 QYDNt CQwY x	 xt�O�

Qy xm xOw	 
� �nm Q�k x	 OQoAJ ��xDWQwO I�B Q�t ��u�Dm � ��yxDWQ u�ty �� �u�tq�iwQm�t ��
pw� �nm I�B Q�t u�� pt�m QwO Qy w OwW�t xDN�U u�Dm � ��yQtwvwt uw�U�R� Qt�rB R� xDWQ
�Q� wYD uOw	 �Oa	 wO Cra x	 AwmUwQm�t Q� R QO xD�r� �CU� u�Dm � Qtwvwt CiH �� pt�W w OQ�O
�We Q� R QO ��xm�W u�Dm � ��yxDWQ �CU� xOW p�mWD QwOs�v R� u� �xOvwW Q�QmD ��yOL�w
�iL QO �U�U� Vkv u�vJsy �Ovm�t ltm �We �Q�O��B w pmW �iL x	 xm OvyO�t p�mWD
�OQ�O �xOwQ �WWwB ��ypwrU QO� �r� wwQm�t w �P�m ��B uwJsy ��We O��wR l�t�v�O w Q�DN�U

�O�v�	�t ���� pmW QO �Q u��DwQB u�� u�tDN�U

i ]
100nm

]

25nm

رشته هاى اکتین

w s�mLDU� x� �OvQ�o�t Q�Qk ���tUqB �We Q� R QO ��DOta xm �rwrU CrmU� ��yxDWQ u�� �u�Dm � ��yxDWQ ���� pmW

	Ovvm�t ltm pwrU pmW �Q�O��B

u�rw� wD s�v x� �wQm u��DwQB �wv wO R� �Qt�OwQDy u� u�tDN�U QO xOW Q�QmD ��yOL�w �pw�wDwQm�t ��

�OvR�U�t u�tq�iwDwQB s�v x� ���yxDWQ w OvwW�t pYDt Qo�Om� x� �yQt�OwQDy u�� �CU� � w �
s�v x� 	
nm Q�k �� pmW ��xrwr Q�DN�U xm OvQ�o�t Q�Qk sy Q�vm QO �rmW x� u�tq�iwDwQB ��

	
�� pmW� �OvyO p�mWD �Q �pw� wDwQm�t

�� Cytoskeleton �� Actin �� Microtubule
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هترودیمرتوبولین
 = زیرواحدمیکروتوبول

پرتوفیلامنت لومن

میکروتوبول

انتهاى
منفى

انتهاى
مثبت

u�� �� �yswRwtwQm CmQL QO xm CU� s�UkD lwO p�mWD �DrmU� w�a u�� syt h���w R� ��ypw� wDwQm�t ���� pmW

	OQ�O Vkv Ov�
Qi

���ypw� wDwQm�t �yOv�t�U RmQt� x� �yDv� l� R� pmW ��xQ�DU �Q�DN�U pmW x� �ypw� wDwQm�t
V��Q� QO CU�O�B Vt�v R� xm Qw� u�ty RmQt u�� 	OvrYDt ��swRwQDv�U� u�ty �� �MTOC�
QO �Y�YDN� Q�DN�U �awv �Qwv�H ��ypwrU QO 	OQ�O �U�U� Vkv 
pwrU QO �ypw� wDwQm�t
	CU� �PCM�� u� h�Q�� QO u��DwQB R� �tHL w �pw� QDv�U l� pt�W xm xDi�� pt�mD swRwQDv�U
CU� �xv�wDU� ��Lt QO� �ypw� wDwQm�t R� ���DxU �xDUO xv pt�W ��xv�wDU� �Q�DN�U pw� QDv�U
�ypwrU u�� QO OUQ�t Q�v x� 	OvDUy pw� QDv�U Ok�i �yIQ�k QFm � w �r�a u�y��o 	���� pmW�

	Ovm�t pta swRwQDv�U u�wva x� xDUy �We R� �WN�
��Lt QO �ypw� wDwQm�t R� ���DwO �xDUO xv 
Ov�xOW xDN�U �ypw� wDwQm�t R� sy �lSt w �lS�D
�� Microtubule�organazing center �� Centrosome �� Centriole �� Pericentriolar

matrix �� Flagella �� Cilia



�rwmrwt �U�vWCU� R ��

سانتریول ها

ماتریکس
سانتروزوم

]
200nm

�Qwv�H pwrU l� pw� QDv�U Q�DN�U ���� pmW

w pwrU CmQL x� Q�DN�U u�� �OwW�t x��L� pwrU ��We �UwD �RmQt QO ���DwO 	xDUO l� w
lS�D Q�DN�U R� Cw�iDt lS�D 
wv u�� ����� pmW� Ovm�t ltm pwrU ��Lt uO�O CmQL ��
Qovr �We QO xm xDiQo pmW �J�B Q�t V��Q� �� 	�xDWQ u��DwQB l� R� Q�N� Q�DN�U �CU�yCw� Q�mwQB
R� �OQ�O xOya Q� pwrU s�UkD �� �Q �yswRwtwQm CmQL xm �s�UkD lwO s�v x� 	Q�DN�U �OR�Ov��t

�CU� pw� wDwQm�t TvH

تاژك ومژك

0.25

جسم قاعده اى

فیلامان

μc

�Dw� Q�mw� lSt �� lS�D R� xa�k l� Q�DN�U ���� pmW
�� Mitotic spindle



�� pwrU Q� ��xtOkt

OwOL xm OW���t �rwrU CrmU� ��yu��DwQB R� ��xOQDUo h�� pt�W xwQo u�� ��U�wOL u�tq�i ��

QO �rwrU CrmU� ��yu��DwQB u�� �OvDUy p�k �wv wO �U�wOL 	�Lr u�� R� w OvQ�O Q�k 
�nm
���
 pmW� �OvWN��t s�mLDU� pwrU x� �m�v�mt ��yVvD p��kt

100 nm

25 nm

i

�OvDUy C�ty� R��L �m�v�mt VvD p��kt QO s�mLDU� QO ��U�w OL u�tq�i ���� pmW

xm Ovm�t O�H�� ��xm�W �xDUy ��We �rN�O K�U QO ���v�tq s�v x� �yu�tq�i u�� R� �awv
Vkv �rwrU u�� Cq�YD� QO �U�wOL ��yu�tq�i �	a� �Ovm�t ltm xDUy VWwB s�mLDU� x�

�OvyO�t s�mLDU� Ci�� x� w OvQ�O

s�UkD w �rwrU �xNQJ ����

s�UkD �xO�t� w xOQm OWQ pwrU xm ��R�iQDv�� �OQm �UQQ� R�i wO QO u�wD�t �Q Cw� Q�mw� pwrU l� �oOvR
�oOvR Ck�kL QO �CU� �Rv�mwD�U� sUqB wD�U w �RwD�t� xDUy s�UkD pt�W xm ��RwD�t R�i w OwW�t
���
 pmW� �OQ�O Q�Qk �yu� u��t QO R�iQDv�� xm CU� RwD�t R�i ��yQ�QmD R� ��xNQJ CQwY x� pwrU

�OQm �UQQ� QDlJwm R�i xU 
r�k QO u�wD�t �Q R�iQDv��

�OR�OQB�t s�UkDCyH R��v OQwt ��yu��DwQB RDvU x� w Ovm�t OWQ pwrU R�i u�� QO ��gap I� G� ��

�xNQJ pQDvm CyH �G��S� �UQR�� �x�kv l� �S w G� R�i u��t �va� �R�i u�� ��yDv� QO
�OwW�t OyaDt s�UkD CyH pwrU �S R�i x� OwQw w x�kv u�� R� Qw�a CQwY QO w OQ�O OwHw pwrU

GQ�N xNQJ R� pwrU xm OQ�O OwHw u�mt� u�� �G��S� �UQR�� �x�kv x� uO�UQ R� V�B
u�mt� �OQ�O Q�Qk �Q�O��B ���QW QO w xDW�Ov �OWQ ���� QkD pwrU R�i u�� QO �OwQ� G� R�i x� w xOW
MQ �t��vD ��yxv�Wv x� MU�B QO G� R� GwQN w OwQw �OQ�O OwHw R�i u�� R� xNQJ x� OOHt OwQw

�OyO�t

�OwW�t Q��Q� wO pwrU l�DvS �xO�t w OyO�t MQ DNA RDvU xrLQt u�� QO �synthesis� �S ��

�� Lamina �� Interphase �� Mitotic phase


