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ÖZET 

Oku B.  

Difteri Toksini etkisinde K562 ve HL-��� K�FUHOHULQGH� SURJUDPODQPÕú� K�FUH� |O�P��
�DSRSWR]�� V�UHFLQGH� URO� DODQ� � ED]Õ� SURWHLQOHULQ� P51$� G�]H\LQGH� � JHQ� HNVSUHV\RQ�
RUDQODUÕQÕQ��EHOLUOHQPHVL�YH�NDUúÕODúWÕUÕOPDVÕ 
øVWDQEXO�hQLYHUVLWHVL�6D÷OÕN�%LOLPOHUL Enstitüsü, Biyofizik ABD. Yüksek Lisans Tezi. 

øVWDQEXO��������� 
'7�� 1$'� YDUOÕ÷ÕQGD� H()�¶\L� $'3-ULER]LOOH\HUHN� LQDNWLIOHúWLULU�� E|\OHFH� SURWHLQ�
VHQWH]LQLQ�GXUPDVÕQD� \RO� DoDU��.����JLEL�ED]Õ�K�FUH� VR\ODUÕQGD��'7�SURWHLQ� VHQWH]LQL�
HWNLQ� ELoLPGH� GXUGXUPDVÕQD� NDUúÕQ�� VLWRWRNVLN� ELU� HWNL� J|VWHUPHPHNWHGLU��DT protein 
VHQWH]LQLQ� LQKLELV\RQXQXQ� \DQÕ� VÕUD� K�FUH� LVNHOHWLQLQ� \ÕNÕPÕQD� YH� Q�NOHR]RPODUDUDVÕ�
'1$�NÕUÕOPDVÕQD�\RO�DoDU�%X�oDOÕúPDGD��SURWHLQ�VHQWH]LQLQ�LQKLELV\RQX�LOH�WRNVLQH�ED÷OÕ�
K�FUH�|O�P�� DUDVÕQGDNL� LOLúNL�P51$�G�]H\LQGH�DoÕNODQPD\D� oDOÕúÕOPÕúWÕU��%X�DPDoOD�
'7� YDUOÕ÷ÕQGD� YH� \RNOX÷XQGD� '7¶QH� GX\DUOÕ� +/-60 ve DT’ne dirençli K562 
K�FUHOHULQGHQ�'7�YHULOGLNWHQ� VRQUD����������������YH����� VDDWOHUGH�|UQHNOHU�DOÕQÕS�51$�
L]RODV\RQX�\DSÕOGÕ��'DKD�VRQUD�F'1$�HOGH�HGLOGL�YH�DSRSWR]OD�LOLúNLOL�%FO-2, Kaspaz 3, 
.DVSD]� �� YH� 6LWRNURP� &� JHQOHULQLQ� HNVSUHV\RQODUÕ� JHUoHN� ]DPDQOÕ� 4-PCR yöntemi 
NXOODQÕODUDN� LQFHOHQGL�� %X� oDOÕúPDGD�� .���� K�FUHOHULQGH� '7� YDUOÕ÷ÕQGD� 6LWRNURP� &�
JHQLQLQ� HNVSUHV\RQXQXQ� D]DOGÕ÷Õ�� � +/-60 hücrelerinde LVH� oRN� GDKD� ID]OD� D]DOGÕ÷Õ�
J|]OHQPLúWLU�� .���� K�FUHOHULQGH�'7� YDUOÕ÷ÕQGD�%FO-�� JHQLQLQ� HNVSUHV\RQXQXQ� DUWWÕ÷Õ��
HL-���K�FUHOHULQGH�LVH�'7�YDUOÕ÷ÕQGD�%FO-2 geninin ekspresyonunun yok denecek kadar 
D]DOGÕ÷Õ� J|]OHQPLúWLU�� '7� YDUOÕ÷ÕQGD� ��� YH� ��� VDDWOHU� DUDVÕQda Kaspaz 3’ün 
HNVSUHV\RQXQGD� DQODPOÕ� ELU� DUWÕú� J|]OHQPLúWLU�� $QFDN� EX� oDOÕúPD� SURWHLQ� G�]H\LQGH�
EDúND� \|QWHPOHUOH� GH� GR÷UXODQPDOÕGÕU� Her iki hücre tipinde de Kaspaz 9 geninin 
HNVSUHV\RQXQGD�.DVSD]��¶H�J|UH�JHQ�HNVSUHV\RQX�oRN�GDKD�D]GÕU��+/-60 hücrelerinde 
'7� YDUOÕ÷ÕQGD� .DVSD]-�� JHQLQLQ� HNVSUHV\RQXQXQ� \RN� GHQHFHN� NDGDU� D]� ROGX÷X�
J|]OHQPLúWLU�� .���� K�FUHOHULQGH� LVH� .DVSD]-�� JHQ� HNVSUHV\RQXQGD� DQODPOÕ� ELU�
GH÷LúLNOLN�J|]OHQPHPLúWLU��$\UÕFD�\DSÕODQ�FDQOÕOÕN� WD\LQL�VD\ÕPODUÕQGD�KHP�.����KHP�
HL-60 hücrelerinde '7� X\JXODQPÕú� K�FUHOHUGH� |O�P� \�]GHVL� NRQWURO� K�FUHOHUH� J|UH�
GDKD� \�NVHN� oÕNPÕúWÕU�� %X� oDOÕúPDQÕQ� YHULOHULQLQ�� P51$� G�]H\LQGH� HNVSUHV\RQXQD�
EDNWÕ÷ÕPÕ]� JHQOHULQ� SURWHLQ� G�]H\LQGH� GH� D\QÕ� ]DPDQ�GLOLPLQGH� YH� D\QÕ�PLNWDUGD�'7�
YDUOÕ÷ÕQGD� IDUNOÕ� \|QWHPOHUOH� NDUúÕODúWÕUÕOPDVÕ� X\JXQ� RODFDNWÕU�� dDOÕúPDPÕ]ÕQ�
VRQXoODUÕQÕQ� EXQGDQ� VRQUDNL� DUDúWÕUPDODUÕQ� SODQODQPDVÕQD� ]HPLQ� KD]ÕUOD\DFDN� |QF��
YHULOHU�RODUDN�GH÷HUOHQGLULOPHVL�X\JXQ�RODFDNWÕU� 
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ABSTRACT 

Oku, B. Determination and comparison of mRNA level gene expression rates of several 

proteins which play role in programmed cell death (apoptosis) in DT exposed K562 and 

HL-���FHOOV�� øVWDQEXO�8QLYHUVLW\�� ,QVWLWXWH�RI�+HDOWK�6FLHQFH��%LRSK\VLFV�'HSDUWPHQW��
øVWDQEXO������� 
  

DT catalyzes transfer of ADP-ribose moiety of NAD into a covalent linkage with eEF2. 
ADP-ribosylation results in inactivation of eEF2 and respectively inhibition of protein 
synthesis. The inhibition of protein synthesis due to ADP-ribosylation of eEF2 has been 
regarded as the primary, if not sole event in DT-induced cytotoxicity. DT induces 
programmed cell death aside from its inhibitory effects on protein synthesis. Cells 
exposed to such toxins reveal internucleosomal DNA cleavage and also increase in 
caspase-3-like activity, which are  characteristics of apoptosis. Indeed, DT inhibits 
protein synthesis, without exerting any cytotoxic effect in cell lines like K562. The 
findings suggest that protein synthesis inhibition itself is necessary, but may not be 
sufficent to induce apoptosis, and additional mechanisms likely come into play to 
unfold the cytotoxic effect. The clarification of these mechanism(s) is necessary in order 
to gain further insight  into the sequence of DT-promoted events leading to cell death. 
We isolated total RNA and prepared cDNA from our cell cultures. We analysed the 
expression of the Casp-3, Casp-9, Bcl-2 and Cytochrome C genes using real-time 
quantitative PCR (QPCR) method. We observed that in both K562 and HL-60 cell lines 
the gene expression of Cytochrome C  protein decreased when DT was added. Also we 
observed that in K562 cell lines the expression of Bcl-2 protein increased while in HL-
60 cell lines the expression of Bcl-2 decreased when DT was added. We could not 
observe any significant difference in the expression of Casp-9 in K562 cell lines but in 
HL-60 cell lines the expression of Casp-9 gene decreased when DT was used. We also 
observed that the death percent in both cell lines were higher when DT was added. Also 
we observed that in both of the cell lines the expression of Casp-3 protein increased in 
the first 3 hours. This study provided new insights about the expression of Casp-3, 
Casp-9, Bcl-2 and Cytchrome C genes but should be examined by protein protocols as 
well. 

 

Key Words: Diphtheria Toxin (DT), Apoptosis, Caspases, Q-PCR, Bcl-2 
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1. *ø5øù�9(�$0$d 

3URJUDPODQPÕú� K�FUH� |O�P�� �DSRSWR]�� PRUIRORMLN�� EL\RORMLN� YH� JHQHWLN�
GH÷LúLPOHUOH� NDUDNWHUL]H� ELU� K�FUH� |O�P� úHNOLGLU�� dRN� K�FUHOL� RUJDQL]PDODUGD� \DúDP�
süresini doldurmXú�\D�GD�JHQHWLN�KDVDU�J|UP�ú�K�FUHOHULQ�|O�P�Q��VD÷OD\DUDN�W�U�Q�YH�
JHOHFHN�QHVLOOHULQ�\DúDPÕQÕQ�GHYDPÕQGD�oRN�|QHPOL� UROOHU��VWOHQLU� �������+�FUH�|O�P��
HPEUL\RQDO� JHOLúLP� V�UHFLQGH�� GRNXODUÕQ� \HQLGHQ� \DSÕODQPDVÕQGD� JHUHNVLQLP�
duyulmayan hücrelerin tasfiyHVL�DúDPDVÕQGD�J|UHY�DODQ�IL]\RORMLN�ELU�ROD\GÕU�� 

Apoptoz; büzülme, DNA fragmentasyonu, kromatin kondensasyonu ve hücrenin 

IDJRVLWR]OD� RUWDGDQ� NDOGÕUÕOPDVÕ� DúDPDODUÕQÕ� LoHUPHNWHGLU� ����� $SRSWRWLN� YH� DQWL-
DSRSWRWLN�SURWHLQOHULQ�SHN�oR÷X�PLWRNRQGUL�LOH�LOLúkilidir (6). Ölümcül sinyal sonucunda 

GHQJH�DSRSWR]� \|Q�QGH�GH÷LúLUVH�PLWRNRQGUL� ]DU�JHoLUJHQOL÷L�DUWPDNWD�YH� VLWRNURP�&�
JLEL�SURWHLQOHU�VLWRSOD]PD\D�JHoPHNWH�YH�DSRSWR]RPODUÕ�ROXúWXUPDNWDGÕU�������<�NVHN�
PROHN�O�D÷ÕUOÕNOÕ�EX�\DSÕODU�NDVSD]�DNWLIOHúPH�V�UHFLQL�EDúODWPDNWDGÕU�� 

0LWRNRQGUL� PHPEUDQÕQGD� DSRSWRWLN� SURWHLQOHULQ� DoÕ÷D� oÕNPDVÕ� %FO-2 ailesine 

mensup anti-DSRSWRWLN� � YH� DSRSWRWLN� WHPVLOFLOHUL� DUDVÕQGDNL� GHQJH\H� ED÷OÕGÕU� ���-35). 

71)�� )$6� OLJDQGÕ�� K�FUHOHUGHNL� UHVHSW|UOHULQH� ED÷ODQPDVÕ\OD� DNWLIOHúHQ� \ROD÷ÕQ� \DQÕ�
VÕUD� NLP\DVDO�� ÕúÕQODPD�� KLSRNVL� YH� '1$� KDVDUÕ� JLEL� NRúXOODUGD� DNWLIOHúHQ� \RODNODU�
PLWRNRQGULOHUGH� EXOXúPDNWDGÕU�� %X� IDUNOÕ� \RODNODUÕQ� DúDPDODUÕ� YH� D\UÕQWÕODUÕ� KHQ�]�
RUWD\D�NRQDPDPÕúWÕU� 

Difteri toksini (DT),  NAD’yi ADP-riboz ve nikotinamide ayUÕúWÕUGÕNWDQ�VRQUD�
ADP-ribozu elongasyon faktörü 2 (eEF2) üzerine transfer ederek protein sentezinin 

LQKLELV\RQXQD�VHEHS�ROPDNWDGÕU�������'LIWHUL�WRNVLQLQLQ��DPLQR�XFXQGDNL����N'¶OXN��$�
IUDJPDQÕ� �)$�� ����� JOXWDPLN� DVLW� �]HULQGHQ� $'3-ULER]XQ� DNWDUÕPÕQÕ�
gerçHNOHúWLUPHNWHGLU��'LIWHUL�WRNVLQLQLQ�%�IUDJPDQÕ��)%������N'D��KRORWRNVLQLQ��K�FUH\H�
ED÷ODQPDVÕQÕ� VD÷ODU�� (QGRVLWR]OD� K�FUH� LoLQH� DOÕQDQ� )$� LVH� $'3-riboziltransferaz 

HWNLQOL÷L\OH�SURWHLQ�VHQWH]LQL��LQKLEH�HGHU��2UWD\D�oÕNDQ�VLWRWRNVLN�HWNL�SURWHLQ�VHQWH]LQL 
GXUGXUXU��$QFDN�'7¶QLQ�D\UÕFD�'1$�NÕUÕOPDVÕ�YH�K�FUH�LVNHOHW�\ÕNÕPÕQD�VHEHS�ROPDVÕ�
EX�EXOJX\X� VRUJXODPDPÕ]�JHUHNWL÷LQL�G�ú�QG�UPHNWHGLU��$\UÕFD� WRNVLQH�NDUúÕ�GLUHQoOL�
RODQ�ED]Õ�K�FUHOHUGH��.����JLEL��SURWHLQ�VHQWH]LQLQ�LQKLEH�ROPDVÕQD�NDUúÕOÕN�VLWRWRNVLN�
HWNLQLQ�ROPDPDVÕ�EX�G�ú�QFHPL]L�GHVWHNOHPHNWHGLU� 
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%X�oDOÕúPDGD�'7¶QLQ�EX�HWNLVLQLQ�GROD\OÕ� LQFHOHQHELOPHVL�YH�DSRSWRWLN�V�UHoWH�
DOGÕ÷Õ�URO�Q�RUWD\D�oÕNDUÕOPDVÕ�LoLQ�DSRSWRWLN�V�UHoWH�URO�DODQ�.DVSD]-3, Kaspaz-9, Bcl-

2, Sitokrom C gibi proteinlerin mRNA gen�HNVSUHV\RQ�RUDQODUÕQD�EDNÕOGÕ��dDOÕúPDQÕQ�
DPDFÕ�'7¶QLQ�VLWRWRNVLN�HWNLVLQH�ÕúÕN�WXWPDNWDGÕU��%X�DPDFD�\|QHOLN�RODUDN�oDOÕúPDQÕQ�
'7¶QH�GX\DUOÕ��+/-����YH�GLUHQoOL��.�����K�FUHOHUGH�NDUúÕODúWÕUPDOÕ�RODUDN�\�U�W�OPHVL�
|QJ|U�OP�úW�U��%XQXQ�LoLQ�.����YH�+/-60 K�FUHOHULQGH�P51$�HNVSUHV\RQ�RUDQODUÕQD�
EDNÕODUDN�NRQWURO�K�FUHOHUOH�NDUúÕODúWÕUÕOGÕ��%X�LúOHP�LoLQ�N�OW�U�RUWDPÕQGD��UHWLOHQ�.����
ve HL-���K�FUHOHULQGHQ��'7�YDUOÕ÷ÕQGD�YH�\RNOX÷XQGD�51$�L]RODV\RQ�NLWL�NXOODQÕODUDN�
51$� L]RODV\RQX� \DSÕOPÕúWÕU�� 8\JXQ� SULPHUOHU� YDUOÕ÷ÕQGD�4-3&5� WHNQL÷L� NXOODQÕODUDN�
HNVSUHV\RQ�G�]H\OHULQH�EDNÕOPÕúWÕU� 

6RQXo� RODUDN� EX� oDOÕúPDGD� DSRSWR]� YH� � WRNVLQ� LOH� LOJLOL� EX� SURWHLQOHULQ� WRNVLQ�
YDUOÕ÷ÕQGD�P51$�G�]H\OHULQGHNL�GH÷LúLP�ROXS�ROPDGÕ÷Õ�YH�EX�GH÷LúLPLQ�ER\XWX�RUWD\D�
NRQPD\D�DPDoODQPÕúWÕU��$SRSWRWLN�SURWHLQOHULQ�'7�YDUOÕ÷ÕQGD�QDVÕO�HWNLOHQGL÷L�P51$�
G�]H\LQGH�GDKD�|QFH�oDOÕúÕOPDPÕúWÕU��%X�oDOÕúPDGD�DSRSWR]�YH�'7�LOH�LOJLOL��SURWHLQOHULQ�
'7� YDUOÕ÷ÕQGD�P51$� G�]H\OHULQGHNL� GH÷LúLP� ROXS� ROPDGÕ÷Õ� YH� EX� GH÷LúLPLQ� ER\XWX�
RUWD\D�NRQXOPD\D�oDOÕúÕOPÕúWÕU����� 

%X� oDOÕúPDQÕQ� '7¶QLQ� VLWRSOD]PLN� HWNLOHULQLQ� P51$� G�]H\LQGH�
D\GÕQODWÕOPDVÕQÕQ�|WHVLQGH�DSRSWR]�V�UHFLQH�LOLúNLQ�ELOJL�GD÷DUFÕ÷ÕPÕ]D�|QHPOL�NDWNÕODU�
VD÷ODPDVÕ�� LPP�QRWRNVLQ�RODUDN�NDQVHU� WHGDYLVLQGH�X\JXODPD�EXODQ�EX� WHRULQLQ�\D�GD�
tedavinin bX� DPDoOD� GDKD� ELOLQoOL� ELU� ELoLPGH� GH÷HUOHQGLULOPHVL� LoLQ� bundan sonraki 

DUDúWÕUPDODUÕQ�SODQODQPDVÕQD�]HPLQ�KD]ÕUOD\DFDN�|QF��YHULOHU�RODUDN�GH÷HUOHQGLULOPHVL�
X\JXQ�RODFDNWÕU� 
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2. *(1(/�%ø/*ø/(5 

2.1 Hücre Ölümü  

+�FUH� |O�P�� oRN� X]XQ� \ÕOODU� ER\XQFD� VD÷OÕN� YH� \DúDP� ELOLPOHULQGH� oHYUH�
NRúXOODUÕ�\D�GD�K�FUH�GÕúÕ�HWPHQOHULQ�HWNLOHUL�DOWÕQGD�JHOLúHQ��NRQWURO�GÕúÕ�ELU�V�UHo�RODUDN�
J|U�OP�úW�U��%X�J|U�ú�K�FUH�|O�P�Q�Q�JHQHOGH�SDWRORMLN�NRúXOODUGD�J|]OHQPHVLQGHQ�GH�
GHVWHN�DOPÕúWÕU��*�Q�P�]GH�K�FUH�|O�P�Q�Q�úLGGHW�LoHULNli, hücrenin iç dengesinin ve 

\DSÕVDO� E�W�QO�÷�Q�Q� KÕ]OD� RUWDGDQ� NDONÕúÕ\OD� VH\UHGHQ� EX� W�U�� QHNUR]� WHULPL\OH�
WDQÕPODQPDNWDGÕU��1HNUR]��K�FUH�úLúPHVL�YH�K�FUH�SDUoDODQPDVÕ�LOH�NDUDNWHUL]H��DQL�D÷ÕU�
LVNHPL��PHNDQLN� WUDYPD�JLEL�E�\�N�oHYUHVHO�GH÷LúLNOLNOHULQ�QHGHQ�ROGX÷X�SDWRORMLN�YH�
pasif bir süreçtir. 

+�FUH� |O�P�� GL÷HU� \DQGDQ� HPEUL\RQDO� JHOLúPHGH�� GRNXODUÕQ� \HQLGHQ�
\DSÕODQPDVÕQGD�GD� J|]OHQHQ�� DUWÕN� JHUHNVLQPH\HQ�K�FUHOHULQ� � WDVIL\HVLQH�KL]PHW� HGHQ�
IL]\RORMLN� ELU� ROD\GÕU�� +�FUH� |O�P�Q�Q� EX� LNLQFL� W�U�� K�FUHVel etmenlerin kontrolü 

DOWÕQGD�G�]HQOH�JHUoHNOHúHQ�DNWLI�ELU�V�UHoWLU��������$SRSWR]�\D�GD�SURJUDPODQPÕú�K�FUH�
|O�P�� ���� RODUDN� ELOLQHQ� � EX� V�UHo� VRQ�\ÕOODUGDNL� oDOÕúPDODUGD� DQD�KDWODUÕ\OD� DoÕNOÕ÷D�
NDYXúWXUXOPXúWXU�� 3URJUDPODQPÕú� K�FUH� |O�P�Q�Q� VXQGX÷X� WLSik tablo hücre 

E�]�OPHVL��QXNOHR]RPODUDUDVÕ�'1$�SDUoDODQPDVÕ��NURPDWLQ�\R÷XQODúPDVÕ�YH�K�FUHQLQ�
VRQ� DúDPDGD� IDJRVLWR]OD� RUWDGDQ� NDOGÕUÕODFDN� RODQ� PHPEUDQOD� oHYULOL� DSRSWRWLN�
NDOÕQWÕODUD� G|Q�úPHVLQL� NDSVDPDNWDGÕU� �SURJUDPODQPÕú� K�FUH� |O�P�� WLS� ��� ����� %XQD�
NDUúÕOÕN��OL]R]RP�HWNLOHúPHVL\OH�GHYUH\H�JLUHQ�YH�K�FUHQLQ�DOW\DSÕODUÕQÕQ�|]�VLQGLULPL�LOH�
VRQXoODQDQ�V�UHo�������SURJUDPODQPÕú�K�FUH�|O�P��WLS���RODUDN�WDQÕPODQPDNWDGÕU�� 

������+�FUH�gO�P�QGH�0RUIRORMLN�'H÷LúLNOLNOHU 
Apoptozda, tek bir hücrede görülen hücUHVHO� E�]�úPHQLQ� QHGHQL�� 1D�� .�� &O�

WDúÕ\ÕFÕ�VLVWHPLQLQ�GXUPDVÕ�LOH�K�FUH�LoL�YH�GÕúÕ�DUDVÕQGDNL�VÕYÕ�KDUHNHWLQLQ�ROPDPDVÕGÕU�
������ $SRSWRWLN� X\DUÕP� DODQ� K�FUHQLQ� KDFPL� \DUÕ\D� G�úHU�� oHYUH� LOH� RODQ� ED÷ODQWÕODUÕ�
NHVLOLU� YH� PLNURYLOOXVODUÕ� ND\EROXU�� 3OD]PD� PHPEUDQÕQÕQ� úHNOL� ER]XOXU� YH�
NDEDUFÕNODQPDODU� ROXúXU� �]HLR]LV� \DSÕVÕ��� 7UDQVJOXWDPLQD]� HQ]LPLQLQ� HWNLVL\OH� ]DUGD�
WRPXUFXNODQPD� YH� SDUoDODUD� D\UÕOPD� J|U�O�U�� +�FUH� ]DUÕQGD� LoWHQ� GÕúD� IRVIDWLGLOVHULQ�
translokasyonu olur. Plazma ve çekirdek kondensasyonunu takiben sitozolik Ca++ 

G�]H\LQGH� |QHPOL� ELU� DUWÕú� ROXU� YH� VRQUDVÕQGD� NURPDWLQ� NRQGDQVDV\RQX� ROXU� \DQL�
QXNOHR]RPODU� DUDVÕ� ED÷ODQWÕ� E|OJHOHUL� D\UÕOÕU�� ���-���� ED]� oLIWL� X]XQOX÷XQGD� SDUoDODU�



 4 

DJDUR]� HOHNWURIRUH]LQGH� PHUGLYHQ� J|U�QW�V�� ROXúWXUXU� ������ øQWHUQ�NOHR]Rmal DNA 

SDUoDODQPDVÕQD� NDOVL\XP� DUWÕúÕQD� GX\DUOÕ� HQGRQ�NOHD]ODUÕQ� VHEHS� ROGX÷X�
G�ú�Q�OPHNWHGLU�� +�FUHQLQ� SDUoDODQPDVÕ\OD� Q�NOHHU� PDWHU\DO� LoHUHQ� ]DUOD� oHYULOL�
DSRSWRWLN�FLVLPFLNOHU�ROXúXU��1RUPDOGH�K�FUH�]DUÕQGD� LNL�NDWOÕ� OLSLW� WDEDNDGD�IRVIROLSLW�
asimetriVL�YDUGÕU��øo�WDEDNDGD�EXOXQDQ�IRVIDWLGLOVHULQ��36��YH�IRVIDWLGLOHWDQRODPLQ�YH�GÕú�
WDEDNDGD�IRVIDWLGLONROLQ��3&��DVLPHWULN�GD÷ÕOPÕúWÕU��%X�DVLPHWUL�$73¶\H�ED÷OÕ�WUDQVORND]�
LOH�DNWLI�RODUDN�NRUXQPDNWDGÕU��$SRSWR]�VÕUDVÕQGD�\D�$73�WUDQVORND]�\HWPH]OL÷L�\D�GD 

GL÷HU� HQ]LP� VLVWHPLQLQ� DNWLYDV\RQX� 36¶QLQ� GÕú� \�]H\� WDEDND\D� \HUOHúPHVL\OH�
VRQXoODQÕU��%X��DSRSWRWLN�FLVLPFL÷LQ�IDJRVLWR]X�LoLQ�X\DUÕGÕU������$SRSWRWLN�FLVLPFLNOHU��
VLWRNLQ� VDOJÕODQPDVÕQÕ� YH� LQIODPDV\RQ� ROXúXPXQX� X\DUPDNVÕ]ÕQ�� PDNURIDMODU� YH\D�
NRPúX�K�FUHOHU�WDUDIÕQGDQ�IDJRVLWH�HGLOLU��$SRSWR]���-���GDNLNDGD�WDPDPODQÕU������ 

1HNUR]GD�� DSRSWR]GDQ� IDUNOÕ� RODUDN� K�FUHGH� E�]�úPH� \HULQH� úLúPH� ROXU��
Hipertermi, oksidatif fosforilasyon-Krebs döngüsü ya da glikolizisin inhibisyonu, 

RWROL]LV�� KLSRNVL� YH\D� oHúLWOL� Woksinler patolojik hücre ölümü yani nekroza sebep olur 

������+�FUH� WDUDILQGDQ�JHQOHUOH�SURJUDPODQPD\DQ�YH�oHúLWOL�GÕú�HWNHQOHUOH�JHUoHNOHúHQ�
QHNURWLN� K�FUH� |O�P�QGH� HQHUML� ND\EÕ� VHEHEL\OH� K�FUH� ]DUÕQÕQ�JHoLUJHQOL÷L�ER]XOXU�YH�
fazla miktarda sodyum ile su h�FUH� LoHULVLQH� JLUGL÷L� LoLQ� K�FUH� úLúHU�� $\UÕFD�
PLWRNRQGLULOHUGH� GH÷LúPH� J|]OHQLU�� GL÷HU� RUJDQHOOHU� SOD]PD� LoLQGH� GD÷ÕOÕU�� ùLúPH�
VRQXFXQGD� K�FUH� ]DUÕ� SDWODU� YH� E�W�QO�÷�Q�� ND\EHGHU�� SURWHROLWLN� HQ]LPOHU� LoHUHQ�
SOD]PD�K�FUHOHU�DUDVÕ�ERúOX÷D�VÕ]DU��GRNX�oHYUHVLQGH�LQIODPDV\RQ�ROXúWXUXU��������� 

 

ùHNLO�2-1: Hücre ölümü (61). 

�$�¶GD�QHNUR]��%��YH��&�¶GH�LVH�DSRSWR]�LOH�|OP�ú�K�FUHOHULQ�HOHNWURQ�PLNURVNREX�J|U�QW�OHUL�YHULOPLú���$�¶GD�K�FUH�
SDWODPÕú�JLEL�J|U�O�\RU� (B) ve (C)’de ise küçülme var. (Courtesy of Julia Burne.) 
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������3URJUDPOÕ�+�FUH�gO�P���$SRSWR]��0HNDQL]PDVÕ� 
$SRSWR]��<XQDQFD¶GD�DSR�D\UÕ��YH�SWR]LV�G�úHQ��NHOLPHOHULQLQ�ELUOHúWLULOPHVL\OH�

ROXúPXúWXU�YH�VRQEDKDUGD�\DSUDN�G|N�P��GHPHNWLU�����������������\ÕOÕQGD�LON�NH]�.HUU��
:\OOLH�YH�&XUULH�WDUDIÕQGDQ�IL]\RORMLN�K�FUH�|O�P��LIDGHVL�WDQÕPODQPÕúWÕU�������:\OOLH�
YH�.HUU�JOXNRNRUWLNRLGOHUH�PDUX]�NDODQ� WLP�V�K�FUHOHUL��]HULQGH�\DSÕODQ�GHQH\VHO�ELU�
oDOÕúPD�LOH�DSRSWR]X�J|VWHUPLúWLU����� 

$SRSWR]�PHNDQL]PDVÕ��X\DUDQD�YH�K�FUH�WLSLQH�J|UH�GH÷LúLU��$SRSWR]X�HWNLOH\HQ�
hücre içi uyaranlar büyüme faktörleri, onkojenler, tümör süpresör genler olmak üzere üç 

ana grupta toplanabilir (6). Büyüme faktörlerinin geri çekilmesi, sitokinler, hücre içi 

NDOVL\XP�PLNWDUÕQGDNL� DUWÕú, TNF, TGF-%�� )DV�)DV/� VLVWHPLQLQ� DNWLYH� ROPDVÕ�� '1$�
KDVDUÕ� QHGHQL\OH� ELU� W�P|U� V�SUHV|U� JHQ� RODQ� S��
�Q� DNWLYH� ROPDVÕ�� YLUDO-bakteriyal 

enfeksiyonlar ve glukokortikoidler gibi uyaranlar apoptozda etkilidir (6,8,12,13). 

Özellikle protoonkojenlerin (c-myc gLEL��oR÷X�DSRSWR]XQ�UHJ�ODV\RQXQGD�\HU�DOÕU�������
$\UÕFD� KLSHUWHUPL�� UDG\DV\RQ�� VLWRWRNVLN� DQWLNDQVHU� LODoODUÕ� YH� KLSRNVL� JLEL� QHNUR]�
ROXúWXUDELOHQ� HWNHQOHU� GH� KDILI� GR]ODUGD� DSRSWR]� PH\GDQD� JHWLULUOHU� ����� $SRSWR]GD��
K�FUH�|O�P��oHYUH\H�UDKDWVÕ]OÕN�YHUPHVH�GH��ED]HQ�DSRSWR]�GROD\OÕ�RODUDN�oHYUH�GRNXGD�
QHNUR]X�EDúODWDELOLU�\D�GD�QHNUR]�DSRSWR]�JHOLúPHVLQH�\RO�DoDELOLU������ 

2.1.3 Apoptozun Gen Regülasyonu 

$SRSWR]�PHNDQL]PDVÕ�LON�NH]�Caenorhabditis elegans LVLPOL�QHPDWRGXQ�JHOLúLP�
DúDPDODUÕQGD�EHOLUOHQPLúWLU. C elegans’ÕQ�JHOLúLP�V�UHFLQGH������VRPDWLN�K�FUH�ROXúXU��
DPD� EXQODUGDQ� ���� K�FUH� |O�U�� %X� SURJUDPOÕ� K�FUH� |O�P�Q�� JHUoHNOHúWLUHQ� FHG-3 ve 

ced-�� JHQOHULQGHQ� ELUL� \D� GD� KHU� LNLVL� GH� PXWDV\RQD� X÷UDGÕ÷Õ� ]DPDQ� EX� ���� K�FUH�
\DúDPD\D�GHYDP�HWPHNWHGLU����������). Ced-��JHQL�ELU�VLVWHLQ�SURWHD]Õ�úLIUHOHPHNWHGLU�
ve memelilerdeki sistein proteazlardan ICE’ye; Ced-��LVH�NDOVL\XPD�ED÷OÕ�ELU�SURWHLQL�
úLIUHOHPHNWH� YH� PHPHOLOHUGH� DSDI-1’e benzemektedir. Ced-�
XQ� LQVDQGDNL� KRPROR÷X�
Bcl-2 proto-onkojen gen ailesi ise apopWR]X�GXUGXUPDNWDGÕU� ������������gO�P�VLQ\DOL��
JHQ�HNVSUHV\RQX� LOH�G�]HQOHQHELOPHVLQH� UD÷PHQ�� V�UHo�JHQRWRNVLN�KDVDU� �NHPRWHUDSL��
UDG\DV\RQ� YE�� YH\D� VLWRNLQOHULQ� ROPDPDVÕ� JLEL� �HULWURSRLHWLQ� YE�� IDUNOÕ� X\DUDQODUOD�
harekete geçirilebilir. DNA tek veya çift iSOLN�SDUoDODUÕ�YH�Q�NOHRWLG�D]OÕ÷Õ��'1$-ED÷OÕ�
WUDQVNULSVL\RQ�IDNW|U�S���LOH�EDúOD\DQ�ELU�GL]L�ROD\Õ�DNWLYH�HGHU�YH�K�FUH�DSRSWRWLN�\ROD�
girer (8). 
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øQVDQGD�DSRSWR]XQ�G�]HQOHQPHVL��S��� LOH�EDúOD\DQ�YH�NDVSD]ODUD�NDGDU�GHYDP�
eden bir süreçtir. Bir tümör süpreV|U�JHQ�RODUDN�oDOÕúDQ�S���PXWDV\RQD�X÷UDGÕ÷Õ�\D�GD�
EXOXQPDGÕ÷Õ� ]DPDQ� K�FUH� \DúDPÕ� X]DU��*HQRWRNVLN� ROD\ODUOD� ROXúDQ�K�FUH� KDVDUÕ�� ELU�
transkripsiyon regülatör geni olan p53'ü aktive eder. p53 protein ürünü, DNA’ya 

GR÷UXGDQ� ED÷ODQDUDN� KDVDUÕ� WDQÕGÕNWDQ� VRQUD�� \D� *�¶GH� K�FUH� VLNOXVXQXQ� GXUPDVÕQÕ�
LQG�NOH\HUHN� WDPLU� LoLQ� JHUHNOL� ]DPDQÕ� ND]DQGÕUÕU� \D� GD� KDVDU� ID]OD\VD� DSRSWR]D�
\|QOHQGLULU�� $\UÕFD� S��¶�Q� %D[�%D[�� %D[�%FO-2, Bcl-2/Bcl-�� JUXSODUÕQÕQ� RUDQODUÕQÕ�
G�]HQOHGL÷L�G�ú�Q�OPHNWHGLU����� 

�3URJUDPOÕ�K�FUH�|O�Pünün regülasyonu Bcl-��%D[�JHQ�DLOHVL�LOH�VD÷ODQÕU���������
Bcl-�� � DLOHVLQLQ�����\HVL�EHOLUOHQPLúWLU� ������EXQODUGDQ�ED]ÕODUÕ�%FO-2, Bcl-xL, Bcl-w, 

Boo, Mcl-�� JLEL� DSRSWR]� LQKLELW|U�G�U� �DQWLDSRSWRWLN��� ED]ÕODUÕ� LVH� DSRSWR]X� X\DUÕU�
(proapoptotik genler). Proapoptotik genler Bax (Bax, Bak ve Bok) ve BH3 (Bik, Blk, 

Hrk, BNIP3, Bad, Bid gibi) diye� LNL\H�D\UÕOÕU� ������0LWRNRQGLUL�YH�oHNLUGHN�]DUODUÕQÕQ�
YH\D�HQGRSOD]PLN�UHWLNXOXP�]DUÕQÕQ��]HULQGH�EXOXQDQ�%FO-2/Bax gen ailesinin ürünleri 

homodimer ya da heterodimeUOHU�úHNOLQGH�NRPSOHNV�ROXúWXUDUDN�oDOÕúÕUODU���������%FO-2 

LOH�%D[�HWNLOHúLPLQGH�%FO-��QLQ�RUDQÕ�GDKD�ID]OD�LVH�K�FUH�\DúDPÕQÕ�V�UG�U�U��%D[�GDKD�
fazla ise hücre ölüme gider (18). Apoptotik ya da anti-apoptotik proteinlerin pek 

oR÷XQXQ�PLWRNRQGUL\OH� LOLúNLVL�ROGX÷X�ELOLQPHNWHGLU��$SRSWRWLN�V�UHoWH�PLWRNRQGULQLQ�
PHUNH]L�ELU�URO�R\QDGÕ÷Õ�EXOXQPXúWXU������0LWRNRQGLULOHU�oLIW�]DUOÕ�RUJDQHOOHUGLU��%FO-2, 

24-26 kDa' luk protein kodlayan bir proto-onkogendir ve bu protein, mitokondirinin 

VLWRSOD]PD\D� G|Q�N� GÕú� ]DUÕ� �]HULQGH� YH� HQGRSOD]PLN� UHWLNXOXPXQ� ELU� E|O�P�� RODQ�
oHNLUGHN� ]DUÕQGD� EXOXQXU� ������ %X� SURWHLQOHU�� L\RQ� DOÕú-YHULúLQL� G�]HQOHU� YH� ]DUÕQ�
SDUoDODQPDVÕQD� NDUúÕ� NRUX\XFX� HWNL� \DSDUODU�� $QWLDSRSWRWLN� ELU� JHQ� RODQ� %FO-xL’in 

PLWRNRQGLUL\DO� KDVDUÕ� HQJHOOH\HUHN� PLWRNRQGLUL\L� NRUXGX÷X� LOHUL� V�U�OPHNWHGLU�� %X�
VD\HGH�DSRSWR]�LQKLELV\RQX�JHUoHNOHúLU�������%FO-��DLOHVL�D\QÕ�]DPDQGD�UHDNWLI�RNVLMHQ�
düzeylerinin apoptoz üzerindeki etkilerini pro-oksidan gibi davranarak kontrol eder 

(13). Bax proteinleri sitoplazmada da bulunur. Ölümcül sinyal ya da komut sonra Bax 

SURWHLQOHUL�� PLWRNRQGLUL� ]DUÕQÕQ� SHUPHDELOLWH� JHoLú� SRUXQD� GR÷UX� \|QHOLS� EXUD\D�
ED÷ODQÕUODU�� %X� ED÷ODQPD�� PLWRNRQGUL� PHPEUDQÕQÕQ� VHoLFL� L\RQ� JHoLUJHQOL÷LQL�
�SHUPHDELOLWHVLQL��D]DOWDELOLU��=DUGDNL�EX�GH÷LúLNOLNOHr nedeniyle sitokrom C ve AIF gibi 

PLWRNRQGLUL� ]DUÕ� LoLQGH� \HU� DODQ� IDNW|UOHU� VLWRSOD]PD\D� JHoHUOHU�� $,)�� GR÷UXGDQ�
NURPDWLQ� NRQGDQVDV\RQXQXQ� YH� Q�NOHHU� IUDJPHQWDV\RQXQ�PH\GDQD� JHOGL÷L� oHNLUGH÷H�
GR÷UX� \|QHOLU�� 6LWRSOD]PDGDNL� VLWRNURP�&� DSRSWR]XQ� HQ� VRQ� EDVDPD÷ÕQGD� J|UHY� DOÕU��
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Sitokrom-C, bir sitoplazma proteini olan Apaf-1' i aktive eder (8). Sitokrom C‘nin 

Apaf-�
H� ED÷ODQPDVÕ� SURNDVSD]-�
X� DNWLYH� HGHU� YH� ROXúDQ� EX� NRPSOHNVH� DSRSWRVRP�
denir (29). Prokaspaz-�
XQ� DNWLYDV\RQX�� ELU� VHUL� NDVSD]� DNWLYDV\RQXQX� EDúODWÕU� �����
Apaf-��D\QÕ�]DPDQGD�$73µ\H�GH�ED÷ODQÕU������ 
 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�2-2: apoptoz (1). 

0LWRNRQGUL� PHPEUDQÕQÕQ� DSRSWRWLN� SURWHLQOHULQ� DoÕ÷D� oÕNDFD÷Õ� ELoLPGH�
GH÷LúPHVL�%FO-��SURWHLQ�DLOHVLQLQ�NDUúÕW�HWNLQOLNWHNL� WHPVLOFLOHULQLQ�DUDVÕQGDNL�GHQJH\H�
ED÷OÕGÕU����-35). Bcl-2 geni, insanda B hücrelerinden kaynaklanan lenfoma hücrelerinde 

\�U�W�OHQ� oDOÕúPDODUGD� EXOXQPXúWXU��%FO-2 geni bu hücrelerde translokasyonla Ig-D÷ÕU�
]LQFLU�ORNXVXQGDNL�DUWÕUÕFÕ�GL]LOHULQ�GHQHWLPL�DOWÕQD�JLUHUHN��V�UJLW�HWNLQOLN�ND]DQPDNWD��
E|\OHFH� EX� K�FUHOHULQ� VÕQÕUVÕ]� oR÷DOPDODUÕQD� �|O�PV�]OHúPHOHULQH�� QHGHQ� ROPDNWDGÕU��
Bcl-��JLEL��EX�DLOHQLQ�EDúND�WHPVLOFLOHUL�GH�DQWL-DSRSWRWLN�HWNLQOL÷H�VDKLSWLU��$QFDN��%D[�
JLEL�GL÷HU�WHPVLOFLOHU�LVH�DSRSWR]�EDúODWÕFÕ�HWNLQOLNOHUL\OH�WDQÕQPDNWDGÕU��0LWRNRQGULQLQ�
GÕú� ]DUÕ� LOH� LOLúNLOL�ELU�NRQXPGD�EXOXQDQ�EX�SURWHLQOHU�DUDVÕQGDNL�GHQJH�|O�PF�O�X\DUÕ�
�]HULQH� DSRSWR]� \|Q�QGH� GH÷LúPHNWH� YH� %D[� ELU� GL]L� SURWHLQOH� �$17�� 9'$&� YE��
HWNLOHúHUHN�PLWRNRQGUL�JHoLUJHQOL÷LQLQ�DUWPDVÕQD��0'7��PLWRNRQGUL�SHUPHDELOLWHVL���\RO�
DoPDNWDGÕU�� %FO-�� DLOHVLQLQ� NDUúÕW� HWNLQOLNWHNL� WHPVLOFLOHULQLQ� DUDVÕQGDNL� GHQJH\L�
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DUDODUÕQGD�JHUoHNOHúHQ�HWNLOHúLP�VD÷ODQPDNWDGÕU��%X�HWNLOHúLP�EX�SURWHLQOHULQ�|]J�Q�α-

sarmal (BH (Bcl-2 homolojisi)) dizilHULQLQ� ROXúWXUGX÷X� KLGURIRELN� FHSOHU� �]HULQGHQ��
JHUoHNOHúPHNWHGLU��������� 
 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�2-3��0LWRNRQGUL�PHPEUDQÕ����� 
0LWRNRQGULQL� GÕú�PHPEUDQÕ� JHoLUJHQOL÷LQGHQ� VRUXPOX�PHNDQL]PDODU� KDOD� WDUWÕúPDOÕGÕU�� $VOÕQGD� SHN� oRN�PRGHOOHU�
J|]OHPOHQPLúWLU��$��*HoLUJHQOLN�*HoLú�'HOL÷L��373���373�YROWDM�ED÷ÕPOÕ�DQ\RQ�NDQDOODUÕ��9'$&���$GHQLQ�1�NOHRWLG�
WUDQVORNDWRU� �$17��JLEL�SHNoRN�SURWHLQ�LoHULU��373¶QLQ�DoÕOPDVÕ\OD�DSRSWRWLN�PLWRNRQGULDO�IDNW|UOHU�VDOÕQÕU��%��%LU�
önceki modelin bir varyasyonu da Bcl-��DLOHVLQLQ�%D[�JLEL�SURDSRSWRWLN��\HOHUL�9'$&�YH�YH\D�$17�LOH�HWNLOHúLPH�
JLUHUHN�PLWRNRQGUL�JHoLUJHQOL÷LQL�GH÷LúWLULU��&��3URDSRSWRWLN�SURWHLQOHULQ�VDOÕQÕPÕ�SUR�YH�DQWLDSRSWRWLN�%FO-2 ailesi 

�\HOHUL�DUDVÕQGDNL�GHQJH\H�ED÷OÕGÕU.  

%HOLUWLOGL÷L�JLEL��PLWRNRQGUL�oHúLWOL�|O�PF�O�X\DUDQODUÕQ�WHWLNOHGL÷L�\ROODNODUÕQ�ELU�
NDYúDN� QRNWDVÕQÕ� ROXúWXUPDNWDGÕU��%X� W�U� X\DUDQODUD�� |UQH÷LQ�71)� \DGD� )$6� OLJDQGÕ��
hücredeki reseptörlerine (CD95 / Fas / Apo-��VLVWHPL��ED÷ODQPDVÕ\OD�DNWLIOHúHQ�\ROOD÷ÕQ�
\DQÕ� VÕUD�JOLNRNRUWLNRLWOHULQ�� oHúLWOL� NLP\DVDOODUÕQ� HWNLVL\OH��\D�GD� ÕúÕQODPD��KLSRNVL�YH�
'1$� KDVDUÕ� JLEL� IDUNOÕ� NRúXOODU� DOWÕQGD� DNWLIOHúHQ� IDUNOÕ� V�UHoOHU� GH� PLWRNRQGUL�
NDYúD÷ÕQGD� EXOXúPDNWDGÕU�� %X� IDUNOÕ� \RODNODUÕQ� DúDPDODUÕ� KHQ�]� D\UÕQWÕ\OD�
taQÕPODQPDPÕúWÕU�YH�HWNLOHUL�\RO�DoWÕNODUÕ��DSRSWRWLN�\DGD�|]�VLQGLULPH�GD\DOÕ��RWRIDMLN��
|O�P�W�UOHULQH�J|UH�VÕQÕIODQGÕUÕOPDNWDGÕU� 
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3URJUDPOÕ� K�FUH� |O�P�� PHNDQL]PDVÕQGD� �o� WHPHO� JUXS� URO� DOÕU�� gO�P�
reseptörleri, adaptör proteinler ve proteolitik enzimler (kaspazlar) (13,21). Ölüm 

reseptörleri, TNF reseptör gen ailesine aittir. Bu reseptör polipeptidlerin sitoplazmik 

E|O�POHUL�� |O�P� DODQÕ� �Ölüm Domaini�� DGÕ� YHULOHQ� ELU� DPLQRDVLW� GL]LVLQL� LoHULU� YH�
DGDSW|U� SURWHLQOHUH� ED÷ODQÕUODU� ������ �� WDQH� |O�P� UHVHSW|U�� �&D95 (APO-1/Fas), 

TRAILR1, TRAILR2, TNF-R1, DR3 ve DR6) bilinmektedir (38). Adaptör proteinler, 

UHVHSW|UOH� JHOHQ� VLQ\DO� VRQXFXQGD� NDVSD]ODUD� ED÷ODQÕS� RQODUÕ� DNWLYH� HGHUOHU�� %X�
reseptörlerin en çok bilinenleri TNF reseptörü-�� �71)5���YH�)DV� �&'����NDUDFL÷HUGe 

ERO�PLNWDUGD� EXOXQXU�� )DV
ÕQ� HWNLVL\OH� NDVSD]� GL]LVL� �NDVNDGÕ�� DNWLYH� ROXU� YH� NDVSD]OD�
aktive olan DNaz (CAD�� DUDFÕOÕ÷Õ� LOH� '1$� \ÕNÕPÕQD� QHGHQ� ROXU� ������ 0HPHOL�
K�FUHOHULQGH�VLVWHLQ�SURWHD]�DLOHVLQGHQ�RODQ�NDVSD]ODUÕQ�DNWLI�PHUNH]LQGH�VLVWHLQ�\HU�DOÕU�
ve�VLWRSOD]PDGD�LQDNWLI�SURN�UV|UOHU�RODUDN�EXOXQXU��'L÷HU�DGÕ�LOH�,&(�SURWHD]ODUGÕU�YH�
ELU� SURWHD]� DNWLYDV\RQ� GL]LVL� EDúODWDUDN� VLWRSOD]PLN� SURWHLQOHULQ� \ÕNÕPÕQGD� URO�
DOPDNWDGÕU�� EX� VÕUDGD� QXNOHD]ODU� GD� DNWLYH� RODUDN� '1$� IUDJPHQWDV\RQX� YH� 51$�
degradasyonu gHUoHNOHúPHNWHGLU� ������ 6LWRNURP� &¶QLQ� VLWRSOD]PD� LoLQH� VDOÕQPDVÕ� LOH�
DSRSWR]XQ� VRQ� EDVDPDNODUÕQGDQ� VRUXPOX� HQ]LP� VLVWHPL� RODQ� NDVSD]ODU� DNWLYH� ROXU��
ùLPGL\H�NDGDU�VLWR]ROGH�EXOXQDQ����NDVSD]�WDQÕPODQPÕúWÕU���������� 

$SRSWR]� V�UHFL� X\DUDQODUÕQ� WHWLNOHGL÷L� IDUNOÕ� \RODNODUÕQ� �]HULQGHQ�
JHUoHNOHúHELOPHNWHGLU��*HQHOGH�EX�\RODNODU�NDVSD]�DGÕ�YHULOHQ�|]J�Q�ELU�VLVWHLQ�SURWHD]�
VLVWHPLQLQ� DNWLIOHúPHVL\OH� VRQXoODQPDNWDGÕU� ������ 1RUPDOGH� |QF�O� HQ]LP� �VLPRMHQ��
ELoLPLQGH� K�FUHGH� EXOXQDQ� NDVSD]ODU� |O�PF�O� X\DUDQODUÕQ� EDúODWWÕ÷Õ� ]LQFLUOHPH�
DNWLIOHúPH�V�UHFL�DoÕ÷D�oÕNPDNWDGÕU�� 

.DVSD]ODU� ELUELULQL� L]OH\HQ�ELU� VHUL�ROD\ODU�GL]LVLQGH�GL÷HU�SURNDVSD]ODUÕ� DNWLYH�
HGHUOHU�� .DVSD]ODU�� VLWRNLQ� �UHWLPLQH� NDWNÕGD� EXOXQDQODU� �NDVSD]� ��������������������
SURWHROL]LVLQ�EDúODWÕFÕODUÕ��NDVSD]�����������YH�X\JXOD\ÕFÕODUÕ��HIHNW|U�NDVSD]ODU���NDVSD]�
�������RODUDN�VÕQÕIODQGÕUÕOÕUODU��������� 
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Tablo 2-1��%HOOL�EDúOÕ�NDVSD]ODU� 

 

gO�P� VLQ\DOL� YHUHQ� EDúODWÕFÕ� NDVSD]ODU�� DGDSW|UH� ED÷ODQÕUODU� YH� |O�me 

\|QOHQGLULUOHU��gO�P��HVDV�JHUoHNOHúWLUHQ�X\JXOD\ÕFÕ��HIIHNW|U��NDVSD]ODUÕ�DNWLIOHúWLULUOHU��
8\JXOD\ÕFÕ� NDVSD]ODU�� EDúODWÕFÕ� NDVSD]ODUÕQ� DNÕúÕQÕ� DNWLYH� HGHUOHU� ������ $SRSWRWLN�
SURJUDPÕQ�PHUNH]L�ELOHúHQL�NDVSD]ODUGÕU�������.DVSD]�DNWLYDV\RQX�K�FUH\H�|]J�dür ve 

NDVSD]� LQKLELW|UOHULQLQ� �,$3�� HIIHNW|U� NDVSD]ODUÕ� LQKLEH� HGHUHN� DSRSWR]X� HQJHOOHGL÷L�
J|VWHULOPLúWLU� ������ $\UÕFD� ,$3� DLOHVLQLQ� NDVSD]ODUGDQ� D\UÕ� RODUDN�� WUDQVNULSVL\RQ�
faktörlerin modülasyonu ve hücre siklusunun kontrolünde de yer alarak apoptozu inhibe 

HWWL÷L� ELOLQPHNWHGLU�� %X� LQKLELW|UOHU� PDOLJQ� K�FUHOHUGH� DúÕUÕ� RODUDN� J|]OHQLUOHU� �����
.DVSD]ODU�� SURWHLQOHUL� \DOQÕ]FD� DVSDUWLN� DVLW� EXOXQDQ�E|OJHOHUGHQ� NHVHU�� EX� VHEHSOH�c-

asp-ases DGÕQÕ� DOPÕúODUGÕU�� %|\OHFH� NDVSD]ODUÕQ� NÕVÕWOÕ� SURWHROL]LVL� QHGHQL\OH� hücrede 

OL]LV�úHNLOOHQPH]�YH�DSRSWRWLN�FLVLPFLNOHU�ROXúXU�������� 
gO�PF�O�VLQ\DO�\D�GD�NRPXW�JHOGL÷LQGH�EX�SURWHLQOHU�DUDVÕQGDNL�GHQJH�DSRSWR]�

\|Q�QGH� GH÷LúPHNWH� YH� VLWRNURP� F� JLEL�PLWRNRQGUL\H� |]J��� � SURWHLQOHU� VLWRSOD]PDGD�
DoÕ÷D�oÕNDUDN�DSRSWR]�V�UHFLQL�EDúODWDQ��NRPSOHNVOHU�ROXúPDNWDGÕU��|UQH÷LQ��VLWRNURP�F��
Apaf-���G$73�YH�SURNDVSD]��¶XQ�ELUOLNWH�ROXúWXUGX÷X�³DSRSWR]RP´�DGÕ�YHULOHQ�\�NVHN�
PROHN�O�D÷ÕUOÕNOÕ�NRPSOHNV�NDVSD]�DNWLIOHúPH�V�UHFLQL�EDúODWPDNWDGÕU�����-46).    

$SRSWR]RP�� ;,$3� DGÕ� YHULOHQ� G�]HQOH\LFL� SURWHLQLQ� GHQHWLPL� DOWÕQGDGÕU� ������
;,$3� NDVSD]� �� YH� NDVSD]� �¶XQ� DNWLIOHúPLú� W�UOHULQL� ED÷OD\DUDN� NDVSD]� DNWLIOHúPH�
V�UHFLQL�HQJHOOHPHNWHGLU��;,$3¶LQ�EX�HQJHOOH\LFL�HWNLVL�PLWRNRQGULQLQ�Lo�YH�GÕú�]DUODUÕ�
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DUDVÕQGD��NRQXPODQPÕú�SURWHLQOHU��VPDF�',$%/2��WDUDIÕQGDQ�RUWDGDQ�NDOGÕUÕOPDNWDGÕU�
���������.DVSD]�DNWLIOHúPHVLQGHQ�ED÷ÕPVÕ]�RODUDN��PLWRNRQGULGHQ�DoÕ÷Õ�oÕNDQ�GL÷HU�ED]Õ�
SURWHLQOHU� LVH� $,)� YH� HQGR� *� �HQGRQ�NOHD]� *�� SURJUDPODQPÕú� K�FUH� |O�P�� �� WLSL�
apoptoz sürecinde gözlenen kromatin kondensasyonuna vH� '1$� SDUoDODQPDVÕQD� \RO�
DoPDNWDGÕU���������� 

2.2. Difteri Toksini (DT) 

'LIWHUL�� &RU\QHEDFWHULXP� GLSKWKHULDH
QÕQ� HWNHQ� ROGX÷X� DNXW� ELU� LQIHNVL\RQ�
KDVWDOÕ÷ÕGÕU�� +DVWDOÕ÷ÕQ� SDWRJHQH]LQGH� GLIWHUL� EDVLOLQLQ� ROXúWXUGX÷X� WRNVLQLQ� ORNDO� YH�
jeneralize etkisi rol o\QDPDNWDGÕU��&��GLSKWKHULDH��VSRUVX]��NDSV�OV�]��KDUHNHWVL]��DHURS��
pleomorfik boyanan, 2-6 µm boyunda ve 0,5-���P�HQLQGH�JUDP�SR]LWLI�oRPDN�úHNOLQGH�
ELU� EDNWHULGLU�� %R\DOÕ� SUHSDUDWODUGD� dLQ� KDUIOHUL� JLEL� GXUXúODUÕ� WLSLNWLU�� *UDP� ER\DVÕ�
\DQÕQGD�1HLVVHU� YH\D�$OEHUW�ER\DODUÕ� JLEL� GDKD� VSHVLILN� ER\DODUOD�ER\DQGÕ÷ÕQGD�EDVLO�
J|YGHVL� VDUÕ-� NDKYHUHQJL�� EDVLOLQ� Xo� NÕVÕPODUÕQGD� EXOXQDQ� PHWDNURPDWLN� FLVLPFLNOHU�
(Babes- Ernst FLVLPFLNOHUL��PRU�ER\DQÕU� 

'7��GLIWHUL�EDVLOLQLQ�K�FUH�GÕúÕ�ELU��U�Q��ROXS��SURWHLQ�\DSÕVÕQGDGÕU�� ÕVÕ��ÕúÕN�YH�
EHNOHPH� LOH� WRNVLQ� |]HOOL÷LQL� \LWLULU�� WRNVRLG� KDOH� G|QHU�� 7RNVLQLQ� HWNL� PHNDQL]PDVÕ�
ú|\OHGLU��'LIWHUL�KDVWDOÕ÷ÕQÕQ�SDWRJHQH]LQGHQ�VRUXPOX�RODQ�'7�EDNWHULQLQ�K�FUH�GÕúÕ�ELU�
�U�Q��ROXS���������GDOWRQ�PRORN�O�D÷ÕUOÕ÷ÕQGD�ELU�SROLSHSWLGGLU��Bu toksin; A (aktif) ve 

%� �ED÷ODQPD�� ROPDN� �]HUH� LNL� DOW� NÕVÕPGDQ� ROXúXU�� %� NÕVPÕ� PHPHOL� K�FUHOHULQGHNL�
UHVHSW|UOHUH� ED÷ODQDUDN�� $� NÕVPÕQÕQ� K�FUH\H� JLULúLQL� VD÷ODU�� 7RNVLQLQ�$� NÕVPÕ� WRNVLN�
etkilidir, toksik etkisini ribozomlarda polipeptid molekülünün uzamDVÕQGD� URO� DODQ�
H()�¶\L� LQDNWLYH� HGHUHN� J|VWHULU�� 3URWHLQ� VHQWH]LQLQ� EX� úHNLOGH� GXUPDVÕ� K�FUHQLQ�
ölümüne yol açar. DT güçlü bir toksindir, insan vücudunda bütün hücrelere toksik etkili 

olmakla birlikte; kalp (myokardit), sinirler (demiyelinizasyon), ve böbrek (tübüler 

nekroz) üzerine daha fazla toksindir.  

'7� JHUHN� \DSÕ� YH� JHUHNVH� HWNLVL� DoÕVÕQGDQ� ROGXNoD� L\L� WDQÕPODQPÕú� EDNWHUL�
WRNVLQOHULQGHQ� ELULGLU� ������ ����¶OÕ� \ÕOODUÕQ� VRQODUÕQGDQ� EHUL� EX� WRNVLQLQ� 1$'¶QLQ�
YDUOÕ÷ÕQGD� H()�¶\L� $'3-ribozilleyerek inaktifleúWLUGL÷L�� E|\OHFH� SURWHLQ� VHQWH]LQLQ�
GXUPDVÕQD�\RO�DoWÕ÷Õ�ELOLQPHNWHGLU�� 

6ÕQÕUOÕ� ELU� SURWHROLWLN� VLQGLULP� YH� ELU� ]LQFLU� LoL� 6-6� ED÷ÕQÕQ� LQGLUJHQPHVL\OH�
GLIWHUL� WRNVLQL� LNL�SDUoD\D�D\UÕúPDNWDGÕU��7RNVLQLQ�1-WHUPLQDO�E|O�P�QH�NDUúÕOÕN�JHOHQ�
ve A fragmenti ()$�� RODUDN� DGODQGÕUÕODQ� SDUoD� $'3-ULER]LOWUDQVIHUD]� HWNLQOL÷LQH�
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VDKLSWLU�� %XQD� NDUúÕQ�� %� IUDJPHQWL� �)%�� KRORWRNVLQLQ� K�FUH\H� ED÷ODQPDVÕQÕ�
VD÷ODPDNWDGÕU��7RNVLQLQ�LNLQFL�DúDPDGD�HQGRVLWLN�ELU�V�UHoWH�LNL�SDUoD\D�D\UÕOPDVÕQGDQ�
VRQUD�)$�VLWRSOD]PD\D�XODúPDNWDGÕU���������� 

(Q]LPDWLN�DoÕGDQ�HWNLQ�SDUoD�ROPDVÕ� �$'3-ULER]LOWUDQVIHUD]�HWNLQOL÷LQH�VDKLS���
K�FUH� LoLQH� XODúDUDN� SURWHLQ� VHQWH]LQL� GXUGXUPDVÕ� QHGHQL\OH� � RQ\ÕOODU� ER\XQFD� )$�
VLWRWRNVLN�HWNLGHQ�WHN�EDúÕQD�VRUXPOX�SDUoD�RODUDN�J|U�OP�úW�U��$\QÕ�úHNLOGH��VLWRtoksik 

HWNLQLQ� GH� \DOQÕ]FD� SURWHLQ� VHQWH]LQLQ� LQKLELV\RQXQD�GD\DQGÕ÷Õ� G�ú�QFHVL� JHQHO� NDEXO�
J|UP�úW�U����������$QFDN��SURWHLQ�VHQWH]LQLQ�LQKLELV\RQX�LOH�WRNVLQH�ED÷OÕ�K�FUH�|O�P��
DUDVÕQGDNL�LOLúNL�WDP�DoÕNOÕ÷D�NDYXúPXú�GH÷LOGLU��dDOÕúPDODU�'7¶QLQ�SURWHLQ�Ventezinin 

LQKLELV\RQXQXQ� \DQÕ� VÕUD� K�FUH� LVNHOHWLQLQ� \ÕNÕPÕQD� YH� Q�NOHR]RPODUDUDVÕ� '1$�
NÕUÕOPDVÕQD�\RO�DoWÕ÷ÕQÕ�GD�J|VWHUPHNWHGLU������ 

Bu olaylar protein sentezi inhibisyonunu belirli bir ara ile izlemekte, 

SURJUDPODQPÕú�K�FUH�|O�P��WLS�,¶GH�J|]OHQHQ�ROD\ODUOD�|]OHúPHNWHGLU��)$¶QÕQ�EXQODUÕQ�
|WHVLQGH�'1D]�,�WLSL�ELU�HQGRQ�NOHD]�HWNLQOL÷LQH�VDKLS�ROGX÷X�GD�J|VWHULOPLúWLU����-59).  

'L÷HU�\DQGDQ��.����YH�9HUR�JLEL�ED]Õ�K�FUH�VR\ODUÕQGD��'7�SURWHLQ�VHQWH]L�HWNLQ�
ELoLPGH�GXUGXUPDVÕQD�NDUúÕQ��VLWRWRNVLN���K�FUHOHri öldürücü) bir etki göstermemektedir. 

%X� EXOJXODU� '7¶QLQ� VLWRWRNVLN� HWNLVLQLQ� \DOQÕ]FD� SURWHLQ� VHQWH]LQLQ� GXUPDVÕ\OD�
DoÕNODQDPD\DFD÷ÕQÕ��SURWHLQ�VHQWH]LQLQ�GXUPDVÕQÕQ�VLWRWRNVLO�V�UHoWHNL�|QHPOL�DQFDN�WHN�
DúDPD�ROPDGÕ÷ÕQÕ�G�ú�QG�UPHNWHGLU��3URWHLQ�VHQWH]ini durduran risin gibi toksinler ile 

blastisidin-S, kasugamisin, sikloheksimit gibi antibiyotiklerin sitotoksik etkileri ise daha 

L\L�WDQÕPODQPÕúWÕU��%�W�Q�EX�HWPHQOHULQ��'7¶QLQ�DNVLQH��RUWDN�SD\GDODUÕQÕQ�ULER]RP�LOH�
HWNLOHúHUHN� QHGHQ� ROGXNODUÕ� ULERVWDWLN etki (ribozomal stres) üzerinden SAPK / JNK 

(stress activated protein kinase/ C-Jun N-WHUPLQDO� NLQDVH�� � \ROD÷ÕQÕ� DNWLIOHúWLUPHN��
ROGX÷X�J|VWHULOPLúWLU�������� 
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3. GEREÇ VE YÖNTEM 

����dDOÕúPDGD�.XOODQÕODQ�.LP\DVDO�0DGGHOHU�YH�d|]HOWLOHU 

DMEM: 0,85 g/l NaHCO3, 3,574 g/l Hepes, 0,584 g/l L-Glutamin, 13,65 g/l 

'XOEHFFR
V�0RGLILHG�(DJOH
V�0HGLXP��'0(0��NDUÕúÕPÕ�KD]ÕUODQGÕNWDQ�VRQUD�VH\UHOWLN�
+&O� LOH�S+ ����RODFDN�úHNLOGH�D\DUODQGÕ��0HG\XP�ILOWUHGHQ�JHoLULOHUHN�VWHULOL]H�HGLOGL�
YH� ��&¶GH� VDNODQGÕ�� .XOODQÕODFD÷Õ� ]DPan 10 ml Fetal Dana serumu, 1 ml penisilin 

�������8�PO��6WUHSWRPLVLQ��������PJ�PO�'0(0�NDUÕúÕPÕ�LOH�����PO¶\H�WDPDPODQGÕ� 
EDTA:� ���0¶OÕN� ('7$� o|]HOWLVL� GDPÕWÕN� VX� LoLQGH� ��� 1¶OLN� 1D2+� LOH� S+¶Õ�

���¶D�D\DUODQDUDN�\DSÕOGÕ� 
Etidyum Bromür (EtBr): 5 mg/ml çözelWL������JU�(W%U¶�Q����PO�GDPÕWÕN�VXGD�

o|]�OPHVL\OH�KD]ÕUODQGÕ��d|]HOWL�NR\X�UHQNOL�úLúHGH�RGD�VÕFDNOÕ÷ÕQGD�VDNODQGÕ� 
PBS (Fosfat Tamponlu Tuz Çözeltisi): 8 gr NaCl, 0,2 gr KCl, 1,44 gr 

Na2HPO4 ve 0,24 gr KH2PO4� ���� PO� GDPÕWÕN� VXGD� o|]�O�S� +&O� LOH� S+¶VÕ� ���’e 

D\DUODQGÕ�� d|]HOWLQLQ� KDFPL� GDPÕWÕN� VX\OD� �� OLWUH\H� WDPDPODQGÕNWDQ� VRQUD�
RWRNODYODQDUDN�VWHULOL]H�HGLOLS�RGD�VÕFDNOÕ÷ÕQGD�VDNODQGÕ� 

RNA Örnek Yükleme Tamponu: %50 (w/v) gliserol, 1mM EDTA (pH=8,0), 

%25 (w/v) bromofenol mavisi ve % 0,25 (w/v) ksilen siyaQRO� ))� LoHUHFHN� úHNLOGH�
KD]ÕUODQGÕ� 

Tripan mavisi: ����PO�3%6�LOH�����PJ�WULSDQ�PDYLVL�NDUÕúWÕUÕODUDN�HOGH�HGLOGL�
ve +4�&¶GH�VDNODQGÕ� 

Tris-asetat EDTA- TAE (10X): 1 litrede 242 gr Tris baz, 57,1 ml glasiyel 

asetik asit ve 100 ml 0,5M EDTA, ddH2O ile 1 litUH\H� WDPDPODQDUDN�RWRNODYODQGÕ�YH�
RGD�ÕVÕVÕQGD�VDNODQGÕ� 

 

����dDOÕúPDGD�NXOODQÕODQ�FLKD]ODU 

$VHSWLN�VLVWHP�V�]PH�FLKD]Õ���������������������������0LOOLSRUH� 
%X]GRODEÕ�YH�'HULQ�'RQGXUXFX  (+4ºC ve -20ºC Arçelik) 

CCD kamera-ELOJLVD\DU�GRQDQÕPÕ�  (Mitsubishi-Macintosh) 
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CO2�WHUWLEDWOÕ�K�FUH�LQN�EDW|U������������������������+HUHDXV��%-5060 EK-CO2) 

dDONDODPDOÕ�VX�EDQ\RVX      (Memmert) 

Çeker ocak        (Kermanlar) 

Derin Dondurucu        (-80ºC Memmert) 

'LVWLOH�VX�FLKD]Õ�       (Kermanlar) 

Elektroforez aleti       (Stratagene) 

*�o�.D\QD÷Õ�        (Stratagene) 

Hassas terazi         (Shimadzu) 

/DPLQDU�DNÕP�VLVWHPOL�VWHULO�oDOÕúPD�WH]JDKÕ�����+HUHDXV��(/-2448) 

0DJQHWLN�NDUÕúWÕUÕFÕ���������������������������������������������0.�����1�YH� 
Mikroskop                                                          (Olympus I.M.) 

Masaüstü mini santrifüj      (Hettich-Eppendorf) 

Masaüstü santrifüj +4ºC      (Heraeus) 

Otoklav        (Kermanlar) 

Otomatik Pipetler        (Gilson-Eppendorf) 

PH metre        (Corning) 

Real-Time PCR cihazÕ����������������������������������������/LJKW�F\FOHU-Roche) 

Santrifüj                                                             (Hettich Universal 2S) 

6ÕYÕ�D]RW�WDQNÕ�������������������������������������������������������[7�7D\ORU-Whartoni) 

Spektrofotometre        (Biotech Photometer WPA) 

Spektrofotometre                                                (Spectronic 21D, Milton Roy) 

6WHULO�N�OW�U�úLúHOHUL�����YH\D���¶OLN�IODVNODU�������)DOFRQ� 
Steril santrifüj tüpleri                                          (Falcon) 

UV-transluminatör         (Fotodyne)  

Vorteks                                                                (MS1 Minishaker) 
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����dDOÕúPDGD�.XOODQÕODQ�<|QWHPOHU 

dDOÕúPD� JUXEXQX� øVWDQEXO� hQLYHUVLWHVL�� øVWDQEXO� 7ÕS� )DN�OWHVL�� %L\RIL]LN�
Anabilim DDOÕ� YH�+LVWRORML�$QDELOLP�'DOÕ� K�FUH� EDQNDODUÕQGDQ� HOGH� HGLOHQ�+/-60 ve 

.����K�FUHOHUL�ROXúWXUPXúWXU���%X�K�FUHOHU��GDKD�|QFHGHQ�����'062�YH�����VHUXP�
YDUOÕ÷ÕQGD� NUL\R� W�SOHU� LoHULVLQGH�� VÕYÕ� QLWURMHQ� RUWDPÕQGD� VDNODQGÕNODUÕQGDQ� oDOÕúPD�
öncesi tekrar kültüU�LoLQ�KD]ÕUODQPDODUÕ�JHUHNWL������6HUXP��6WUHSWRPRVLQ�YH�SHQLVLOLQ�
LoHUHQ� ��� RUDQÕQGD� DQWLEL\RWLN� YH� 'XOEHFFR
V� 0RGLILHG� (DJOH
V� 0HGLXP� �'0(0��
LoHUHQ� N�OW�U� RUWDPÕQGD� ���&¶WD� YH� ��� &22� � YDUOÕ÷ÕQGD� QHPOL� RUWDP� NRúXOODUÕQGD�
\HWHULQFH�oR÷DOWÕOGÕ��(OGH�HGLOHQ�K�FUHOHULQ�\DUÕVÕQD�'LIWHUL�7RNVLQL�YHULOGL��GL÷HU�\DUÕVÕ�
LVH�NRQWURO�RODUDN�NXOODQÕOGÕ��'LIWHUL�WRNVLQL�YHULOGLNWHQ�KHPHQ�VRQUD����������������YH�����
VDDWOHUGH�DOÕQDQ�K�FUHOHUGHQ�51$�L]RODV\RQ�NLWL�NXOODQÕODUDN�WRWDO�51$�HOGH�HGLOGL��%X�
örneklerden daha VRQUD�F'1$�VHQWH]L�\DSÕOGÕ��6RQ�RODUDN�GD��EX�F'1$¶ODU�NXOODQÕODUDN��
SURJUDPOÕ� K�FUH� |O�P�QGH� �DSRSWR]GD�� URO� DODQ� %FO-2, Sitokrom C, Kaspaz-3 ve 

Kaspaz-��JHQOHULQLQ�HNVSUHV\RQX�JHUoHN�]DPDQOÕ��UHDO-time) kantitatif polimeraz zincir 

reaksiyonu (Q-PCR) kullDQÕODUDN�LQFHOHQGL� 

3.3.1 Hücre Kültürü 

3.3.1.1 Sterilizasyon  

dDOÕúPD\D� EDúODPDGDQ� |QFH� YH� oDOÕúPD� VÕUDVÕQGD� NXOODQÕODFDN� RODQ� PDWHU\DO�
otoklavlanarak, çözeltiler ise elek boyutu 0,22 µm olan filtreden steril bir kap içine 

süzülerek sterilize edildi. LaboUDWXYDU�WH]JDKODUÕQÕQ��]HUL�YH�ODPLQDU�DNÕP�NDELQOHULQLQ�
içi %70 izopropil alkol ile silinmek suretiyle temizlendi. Cam malzemenin 

sterilizasyonu 150-����&�NXUX�ÕVÕGD��-����VDDW�WXWXOPDVÕ\OD�VD÷ODQGÕ�� 

3.3.1.2 Hücre Çözme 

+�FUHOHU�EXOXQGXNODUÕ�PHG\XP�LoLQGe kriyojenik bir ajan (DMSO ya da gliserol) 

HNOHQHUHN� VÕYÕ� D]RW� LoLQGH� VÕQÕUVÕ]� V�UH\OH� GRQGXUXODELOLU�� 6ÕYÕ� D]RW� WDQNÕQGDQ�
oÕNDUGÕ÷ÕPÕ]�K�FUH�VDNODPD�W�SOHUL����&¶OLN�VX�EDQ\RVXQD�\HUOHúWLULOGL����GDNLND�LoLQGH�
o|]�OHQ�W�SOHU�NXUXODQÕS�DONROOH�VLOLQGLNWHQ�VRQUD�ODPLQDU�DNÕP�DOWÕQGD�K�FUHOHU�SLSHWOH�
NDUÕúWÕUÕOÕS� DOÕQGÕ� YH� LoLQGH���PO�PHG\XP�EXOXQDQ� VDQWULI�M� W�S�QH�NRQXS�NDUÕúWÕUÕOGÕ��
'DNLNDGD� ������ GHYLUOH� �� GDNLND� oHYULOGLNWHQ� VRQUD� �VW� VÕYÕ� DWÕOGÕ� YH� GLSWHNL� SHOHWLQ�
üzerine serumlu kültür medyumu konuldu�YH�SLSHWOH�NDUÕúWÕUÕOGÕWDQ�VRQUD�7-flask içine 

DNWDUÕOGÕ�YH��]HULQH����PO�VHUXPOX�PHG\XP�NRQXOGX�����VDDW� VRQUD� IODVNWDQ���¶DU�PO�
PHG\XP�DOÕQÕS�SDVDM�\DSÕOGÕ� 
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��������+�FUHOHULQ�SDVDMÕ 
3DVDM� LúOHPL�� N�OW�U� úLúHOHULQGH� oR÷DODQ� K�FUHOHULQ� EHOLUOL� ELU� \R÷XQOX÷D�

XODúWÕNODUÕ� ]DPDQ� \DQL� NRQIOXHQW� GXUXPD� JHOPHGHQ� VH\UHOWLOLS� EDúND� N�OW�U� úLúHOHULQH�
DNWDUÕOPDVÕ�LúOHPLGLU� 

.�OW�U�NDSODUÕ��IODVNODU��LQYHUW�PLNURVNRSOD�KDIWDGD�HQ�D]���GHID�NRQWURO�HGLOGL��
3DVDMODPD� ]DPDQÕ� JHOHQ� N�OW�U� NDSODUÕQGDNL� K�FUHOHU� VWHULO� SLSet ile flasklardan 

WRSODQDUDN� NDSDNOÕ� YH� NRQLN� WDEDQOÕ� ���PO¶OLN� VWHULO� VDQWULI�M� W�SOHULQH� NRQDUDN� ������
USP¶GH��� GDNLND� ER\XQFD� VDQWULI�M� HGLOGL�� 6DQWULI�M� LúOHPLQGHQ� VRQUD� �VW� VÕYÕ� DWÕODUDN�
W�S�Q� GLELQH� o|NP�ú� K�FUHOHU� �]HULQH� �� PO� PHG\XP� NRQDUDN� VWHULO pastör pipetleri 

\DUGÕPÕ\OD�K�FUH�V�VSDQV�\RQX�KDOLQH�JHWLULOGL��%X�SLSHWDM�LúOHPL�VÕUDVÕQGD�PHG\XPXQ�
N|S�UW�OPHPHVLQH� GLNNDW� HGLOGL�� +�FUHOHU� KHPRVLWRPHWULN� NDPDUDGD� VD\ÕODUDN�
kaydedildi. Daha sonra hücreler yeni flasklara ekildi. 25 cm2’lik flask için 5 ml, 75 

cm2¶OLN� IODVN� LoLQ� ���PO�PHG\XP� NRQXOGX�� +�FUH� HNLPLQGH� HNLOHFHN� K�FUH� VD\ÕVÕQÕQ�
5x104 hücre/ml ile 5x105�K�FUH�PO�DUDVÕQGD�ROPDVÕQD�GLNNDW�HGLOGL��)ODVNODUÕQ�NDSDNODUÕ�
LQN�EDW|U�KDYDVÕQÕQ�JLUHELOHFH÷L�úHNLOGH�KDILI�DUDOÕN�EÕUDNÕODUDN�����&�����&22 ve %95 

KDYD�NDUÕúÕPÕ�VD÷OD\DQ�LQN�EDW|UH�\HUOHúWLULOGL��+�FUH�N�OW�U��PHG\XPXPX]X�IL]\RORMLN�
DUDOÕNWDNL� S+� GH÷HUOHULQL� �S+ ���-����� V�UG�UHFHN� úHNLOGH� VRG\XP� ELNDUERQDW� LOH�
WDPSRQODGÕ÷ÕPÕ]GDQ���� NDUERQGLRNVLW� LoHUHQ� JD]� RUWDPÕQGD� WXWXOPDODUÕ� JHUHNL\RUGX��
$VLW�S+¶ODUGD�PHG\XP�VDUÕ�ED]LN�S+¶ODUGD�LVH�NR\X�NÕUPÕ]Õ�UHQNWH�J|U�O�U��)ODVNODU�KHU�
�� YH\D� �� J�QGH� ELU�� UHQNOHUL� NÕUPÕ]ÕGDQ� VDUÕ\D� G|Q�úW�÷�QGH�PLNURVNRSWD� GD� NRQWURO�
HGLOHUHN��K�FUHOHUH�SDVDM�\DSÕOGÕ�� 

��������+�FUH�6D\ÕPÕ�YH�&DQOÕOÕN�7D\LQL 
Hücreler santrifüj edildikten ve yeniden süspanse edildikten sonra, süspansüyon 

VWHULO� ELU� VDQWULI�M� W�S�QGH� WULSDQ�PDYLVL� LOH�����RUDQÕQGD�KDILIoH�NDUÕúWÕUÕOGÕ�� ��GDNLND�
EHNOHQGLNWHQ�VRQUD�ELU�GDPOD�NDUÕúÕP�NDSLOOHU�HWNL\OH�KHPRVLWRPHWUH�NDPDUDVÕQD�NRQGX��
HemositomHWUHQLQ�ELU�NHQDUÕ�ER\XQFD���NDUH�LoLQGHNL�|O���ER\DQPÕú��YH�WRSODP�K�FUH�
PLNWDUODUÕ� VD\ÕOGÕ�� +HU� VD\ÕPGD� �� NDUH� VD\ÕOGÕ� YH� DULWPHWLN� RUWDODPDODUÕ� DOÕQDUDN� HOGH�
HGLOHQ� VD\Õ�|QFH���4� LOH� oDUSÕODUDN���PO¶GHNL�K�FUH�VD\ÕVÕ�EXOXQGX��'DKD�VRQUD�GD�EX�
oDUSÕP�V�VSDQVH�HGLOHQ�KDFLP�PLNWDUÕ�LOH�oDUSÕODUDN�WRSODP�K�FUH�VD\ÕVÕ�EHOLUOHQGL� 

 



 17 

3.3.1.5 Hücrelere Difteri toksini verilmesi 

%X�oDOÕúPDGD�5HILN�6D\GDP�(QVWLW�V�QGHQ�VD÷ODQDQ���PJ�PO¶OLN�'LIWHUL�7RNVLQL�
VWR÷XQGDQ�����O��DOÕS������O�ELGLVWLOH�VX�HNOHQLS�����QJ�PO�yeni bir stok elde edildi.  

��� VDDWOLN� GHQH\LPL]H� EDúODUNHQ� ELU� WDQHVL� NRQWURO� RODUDN� NXOODQÕODFDN� .����
hücreleri için, bir tanesi Difteri Toksini verilecek K562 hücreleri için, br tanesi kontrol 

RODUDN�NXOODQÕODFDN�+/-60 hücreleri için ve bir tanesi Difteri Toksini verilecek HL-60 

K�FUHOHUL�LoLQ�ROPDN��]HUH�VWHULO���NX\XFX÷X�EXOXQDQ�K�FUH�SODNDODUÕQGDQ�WRSODP���WDQH�
DOÕQÕS�KHU�ELU�NX\XFX÷D��¶HU�PO�'0(0�PHG\XPX�NRQXOGX��+DQJL�NX\XFXNODUD�KDQJL�
K�FUHQLQ� HNLOHFH÷L�� KDQJL� NX\XFXNODUD� 'LIWHUL� 7RNVLQL� YHULOHFH÷L, hangi saatte hangi 

NX\XFXNWDQ� K�FUH� DOÕQDFD÷Õ� EHOLUOHQGLNWHQ� VRQUD� K�FUH� SDVDMÕ� \DSÕS� VD\GÕ÷ÕPÕ]�
K�FUHOHUGHQ�KHU�NX\XFX÷D��¶HU�PLO\RQ�K�FUH�JHOHFHN�úHNLOGH�K�FUH�HNLOGL��'LIWHUL�WRNVLQL�
YHULOHFHN�NX\XFXNODUD���¶DU��O� �\HQL�'LIWHUL�7RNVLQL�VWR÷XQGDQ�YHULOdi. Yani hücrelere 

����QJ�PO�'LIWHUL�7RNVLQL�YHULOPLú�ROGX�� 
'DKD� VRQUD� VÕUDVÕ\OD� ���� ���� ���� ���� YH� ���� VDDWOHUGH� � YH� KHU� GHIDVÕQGD� NRQWURO�

RODUDN� NXOODQÕODQ� .���� K�FUHOHUL� EXOXQDQ� K�FUH� SODNDVÕQGDNL� ELU� NX\XFXNWDQ�� 'LIWHUL�
Toksini verilen K562 hücreleri EXOXQDQ� K�FUH� SODNDVÕQGDNL� ELU� NX\XFXNWDQ�� � NRQWURO�
RODUDN�NXOODQÕODQ�+/-���K�FUHOHUL�EXOXQDQ�K�FUH�SODNDVÕQGDNL�ELU�NX\XFXNWDQ�YH�'LIWHUL�
Toksini verilen HL-��� K�FUHOHUL� EXOXQDQ� K�FUH� SODNDVÕQGDNL� ELU� NX\XFXNWDQ� ROPDN�
üzere 4’er örnek hücre steril pipet yDUGÕPÕ\OD� NX\XFXNODUGDQ� WRSODQDUDN� NDSDNOÕ� YH�
NRQLN�WDEDQOÕ����PO¶OLN�VWHULO�VDQWULI�M�W�SOHULQH�NRQDUDN�������USP¶GH���GDNLND�ER\XQFD�
santrifüj edildi. Santrifüj öncesi her örnekten 100 �O�DOÕQDUDN�VD\ÕP�\DSÕOGÕ�YH�FDQOÕOÕN�
tayini için  steril bir santrif�M�W�S�QGH�WULSDQ�PDYLVL�LOH�����RUDQÕQGD�KDILIoH�NDUÕúWÕUÕOGÕ����
GDNLND�EHNOHQGLNWHQ�VRQUD�ELU�GDPOD�NDUÕúÕP�NDSLOOHU�HWNL\OH�KHPRVLWRPHWUH�NDPDUDVÕQD�
NRQGX��+HPRVLWRPHWUHQLQ�ELU�NHQDUÕ�ER\XQFD���NDUH�LoLQGHNL�|O���ER\DQPÕú��YH�WRSODP�
K�FUH�PLNWDUODUÕ�VD\ÕOGÕ��6DQWULI�M�LúOHPLQGHQ�VRQUD��VW�VÕYÕ�DWÕODUDN�W�S�Q�GLELQH�o|NP�ú�
hücreler üzerine 200 �O�3%6��)RVIDW�WDPSRQOX�WX]�HUL\L÷L��LoLQGH�V�VSDQVH�HGLOGL��'DKD�
sonra hemen RNA izolasyonuna geçildi. 
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������51$�ø]RODV\RQX 

Üretilen hücrelerden total RNA izolasyon kiti (High Pure RNA Tissue Kit-

5RFKH���NXOODQÕODUDN�51$�HOGH�HGLOGL��'LIWHUL�WRNVLQL�YHULOGLNWHQ�KHPHQ�VRQUD�VÕUDVÕ\OD�
���������������YH�����VDDWOHUGH��¶HU�|UQHN�DOÕQDUDN�KHU�GHIDVÕQGD�D\UÕ�D\UÕ�51$�L]RODV\RQX�
\DSÕOGÕ�� 

���� �O� 3%6� �)RVIDW� WDPSRQOX� WX]� HUL\L÷L�� LoLQGH� V�VSDQVH� HGLOHQ� K�FUHOHU� ��
PO¶OLN�'QD]� YH�51D]�)UHH� W�SOHU� LoLQH�NRQXOGX��6RQUD�D\QÕ� W�SOHU� LoLQGHNL�KHU�|UQHN�
üzerine 400’er �O� � NLWWH� EXOXQDQ� OL]LV� ED÷ODQPD� WDPSRQX� HNOHQLS�'QD]� YH�5QD]-Free 

SLSHW� XoODUÕ� LOH� L\LFH� SLSHWDM� \DSÕOGÕ��.LWWHQ� oÕNDQ� WRSODPD� W�SOHUL� LoLQH� ILOWUHOL� W�SOHUL�
\HUOHúWLULOGL�� 'DKD� VRQUD� �� PO¶OLN� W�SOHU� LoLQGHNL� NDUÕúÕPODU� D\UÕ� D\UÕ� KD]ÕUODGÕ÷ÕPÕ]�
ILOUHOL�W�SOHULQ�ILOWUHOHUL��]HULQH�SLSHWOH�DNWDUÕOGÕ��'DKD�VRQUD����VDQL\H�ER\XQFD��������
USP¶GH�RGD�VÕFDNOÕ÷ÕQGD�PDVD�VW� santrifüjde örneklerimiz çevrildi ve santrifüj sonucu 

WRSODPD� W�SOHULQGH� ELULNHQ� VÕYÕ� DWÕOGÕ� YH� ILOWUHOHU� JHUL� D\QÕ� WRSODPD� W�SOHUL� LoLQH�
\HUOHúWLULOGL��+HU�|UQHN�LoLQ�����O�'1D]�LQNübasyon tamponu ve 10 �O�'1D]���RODFDN�
úHNLOGH�����PO¶OLN��'QD]-RNaz Free�W�S�LoLQGH�ELU�NDUÕúÕP�KD]ÕUODQGÕ�YH�EX�NDUÕúÕPGDQ�
���¶HU��O� DOÕQÕS� LoLQGH� |UQHN� EXOXQDQ� ILOWUH� �]HULQH� G|N�OG��� ��� GDNLND� ER\XQFD� RGD�
VÕFDNOÕ÷ÕQGD��LQN�EDV\RQD�EÕUDNÕOGÕ�����GDNLNDOÕN�V�UHQLQ�VRQXQGD�KHU�ELU�|UQHN�LoLQ�D\UÕ�
D\UÕ� ILOWUHOHU��]HULQH����¶HU��O�NLWWH�EXOXQDQ�\ÕNDPD� WDPSRQX�,�SLSHWOH�DNWDUÕOGÕ�YH�EX�
úHNLOGH����VDQL\H�ER\XQFD��������USP¶GH�RGD�VÕFDNOÕ÷ÕQGD�PDVD�VW��VDQWULI�MGH�oHYULOGL�
YH� WRSODPD� W�SOHULQGH�ELULNHQ� VÕYÕODU�G|N�OG���'DKD�VRQUD�KHU�ELU�|UQHN�LoLQ�D\UÕ�D\UÕ�
filtre üzerine 500’er �O�NLWWH�EXOXQDQ�\ÕNDPD�WDPSRQX�,,�HNOHQGL�YH�EX�úHNLOGH����VDQL\H�
ER\XQFD� ������� USP¶GH� RGD� VÕFDNOÕ÷ÕQGD� � PDVD�VW�� VDQWULI�MGH� oHYULOGL� YH� WRSODPD�
W�SOHULQGH��ELULNHQ�VÕYÕODU�G|N�OG���'DKD�VRQUD�KHU�ELU�|UQHN�LoLQ�D\UÕ�D\UÕ�ILOWUH��]HULQH�
���¶HU��O�\ÕNDPD�WDPSRQX�,,�HNOHQGL�YH�EX�úHNLOGH���GDNLND� �ER\XQFD��������USP¶GH�
RGD�VÕFDNOÕ÷ÕQGD��PDVD�VW��VDQWULI�MGH�oHYULOGL�YH�WRSODPD�W�SOHULQGH�ELULNHQ�VÕYÕODU�YH�
WRSODPD� W�SOHUL� DWÕOGÕ�� )LOWUHOL� W�SOHULQ� KHUELUL� ELULNWLUPH� W�SOHULQGHQ� D\UÕOGÕNWDQ� VRQUD��
1,5 ml’lik Dnaz-51D]� )UHH� W�SOHU� LoLQH� \HUOHúWLULOGL�� 6RQ� RODUDN�� 51$� HOGHVL� LoLQ��
filtreler üzerine 30’ar �O�HO�V\RQ�WDPSRQ�VÕYÕVÕ�HNOHQGL�YH�EX�úHNLOGH�|UQHNOHU���GDNLND�
ER\XQFD�������� USP¶GH�RGD�VÕFDNOÕ÷ÕQGD� �PDVD�VW��VDQWULI�MGH�oHYULOGL������PO�'QD]- 
RNaz Free t�SOHU� LoLQGH�ELULNHQ�51$¶ODUGDQ� �¶úHU��O� DJDUR]� MHOGH� Jörüntülemek için 

D\UÕOGÕNWDQ�VRQUD�� L]ROH�HGLOHQ�51$¶ODU�KHPHQ�GDKD�VRQUD�NXOODQÕOPDN��]HUH�-80ºC’ye 

NDOGÕUÕOGÕ� 
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3.3.3 Agaroz Jel Elektroforezi: 

(OGH� HGLOHQ� 51$¶ODUÕQ� PLNWDUÕ� YH� NDOLWHVL����¶OLN� DJRUR] jel elektroforezinde 

görüntülendi. 

��������$JDUR]�-HO��+D]ÕUODQPDVÕ�YH�51$�*|U�QW�OHQPHVL 
(OHNWURIRUH]� MHO� WHSVLVLQH� WDUDNODUÕ� \HUOHúWLULOGL�� 'DKD� VRQUD� ���JUDP� DJDUR]�

WDUWÕODUDN����PO�7$(�VRO�V\RQX�LoLQGH�ELU�EHKHUGH�o|]�QG�U�OG���6RO�V\RQ�PLNURGDOJD�
IÕUÕQGD� KRPRMHQL]H� RODQD� GHN� ND\QDWÕOGÕ�� %XQX� WDNLEHQ� ���&¶D� NDGDU� VR÷XWXODUDN�
LoHULVLQH����PJ�PO�VWRN�RODUDN�KD]ÕUODQPÕú�HWLG\XP�EURP�U�VRO�V\RQXQGDQ����O�çeker 

RFDN�DOWÕQGD�HNOHQGLNWHQ�VRQUD�VÕYÕ�KDOGHNL�DJDUR]�HOHNWURIRUH]�WHSVLVLQH�G|N�OG���-HOLQ�
GRQPDVÕ� beklendi. Jel donduktan sonra tepsi 1X TAE solüsyonu içeren yatay 

HOHNWURIRUH]�WDQNÕQD�\HUOHúWLULOGL�YH�WDUDNODU�oÕNDUÕOGÕ� 
51$� |UQHNOHULQLQ� MHO� NX\XFXNODUÕQD� o|NPHVLQL� VD÷ODPDN� DPDFÕ\OD� �;� EURP�

fenol mavisi de içeren yükleme tamponu solüsyonundan 1 �O�����O� WRWDO�51$�YH����O�
ddH22�NDUÕúWÕUÕODUDN� MHOGHNL�NX\XFXNODUD�\�NOHQGL��7�P�|UQHNOHU�\�NOHQGLNWHQ�KHPHQ�
VRQUD� WDQNÕQ� HOHNWURWODUÕ� J�o� ND\QD÷ÕQD� ED÷ODQGÕ� YH� ��-��� 9� DOWÕQGD� |UQHNOHU� MHOGH�
\DNODúÕN���-���GDNLND�\�U�W�OG���øúOHP�VRQXQGD�MHO�8�9��ÕúÕ÷Õ�DOWÕQGD CCD kamera ile 

J|U�QW�OHQHUHN�SULQWHU�oÕNWÕODUÕ�DOÕQGÕ��� 
 

3.3.4 RT-PCR ile cDNA sentezi : 

51$� J|U�QW�OHULQH� EDNDUDN� F'1$� VHQWH]LQGH� QH� NDGDU� 51$� DOÕQPDVÕ�
JHUHNWL÷LQH�NDUDU�YHULOGL��51$�PLNWDUODUÕQÕ�HúLWOHPHN�LoLQ�ED]Õ�|UQHNOHUH�GHL\RQL]H�VX�
eklendi.  

toplam RNA     : 10µl (1 µg/µl), 

random primer                : 1 µl (0,3 µg/µl), 

Su      : 11 µl.   

Toplam     : 22 µl.     

+HU�ELU�|UQHN�LoLQ�D\UÕ�D\UÕ�����PO�'QD]-RNaz Free tüpler içine önce  0,1-5  µg  

toplam RNA, 0,2 µg random hekzamer konuldu ve daha sRQUD��WRSODP�NDUÕúÕPÕ�����O¶\H�
WDPDPOD\DFDN� NDGDU� GHL\RQL]H� VX� HNOHQGL� YH� NDUÕúÕP� ���&¶GH� �� GDNLND� LQN�EH�
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HGLOGLNWHQ� VRQUD� EX]D� NRQXOGX�� %X� DUDGD� EHNOHUNHQ� KHU� ELU� |UQHN� EDúÕQD� DúD÷ÕGDNL�
PLNWDUODU�JHOHFHN�úHNLOGH�ELU�NDUÕúÕP�KD]ÕUODQGÕ� 

5x Ters Transkriptaz tamponu             : 8 µl, 

���P0�G173�NDUÕúÕPÕ   : 4 µl, 

RNaz  inhibitör (20 U/µl)   : 1 µl, 

Su      : 3,5 µl, 

Ters Transkriptaz (200 U/µl)              : 1,5 µl.  

Toplam     : 18 µl 

  

6ÕUD\OD�KHU�ELU�|UQHN� LoLQ�D\UÕ�D\UÕ����O�NDGDU� � UHDNVL\RQ� WDPSRQX� 4 µl kadar 

��P0�G173� �)(50(17$6�� NDUÕúÕPÕ�� ��8�5LERQXFOHDVH� ,QKLELWRU� �)(50(17$6���
200U RevertAid  M-MuLV Ters Transkriptaz (FERMENTAS) enzimi ve daha sonra  

KHU� |UQHN� LoLQ� WRSODPÕ� ��� �O¶\H� WDPDPOD\DFDN� NDGDU� GHL\RQL]H� VX� HNOHQGL�� %X]GD�
beklemekte olan heU� |UQHN� �]HULQH� EX� NDUÕúÕPGDQ� ��� �O� HNOHQGL�� 'DKD� VRQUD� 3&5�
PDNLQDVÕQGD�|QFH����&¶GH����GDNLND�YH�GDKD�VRQUD����&¶GH����GDNLND�EHNOHWLOGL��6RQ�
RODUDN�UHDNVL\RQX�GXUGXUPDN�LoLQ����&¶GH����GDNLND�ÕVÕWÕOGÕ�YH����GDNLNDQÕQ�VRQXQGD�
örnekler buza konuldu. Daha sonra cDNA örnekleri -���&¶\H�NDOGÕUÕOGÕ� 

������*HUoHN�=DPDQOÕ�.DQWLWDWLI��3&5�LOH��*HQ�(NVSUHV\RQX�$QDOL]L� 
Deneylerimizde Kaspaz-3, Kaspaz-9, Bcl-2 ve Sitokrom-C genlerinin 

DPSOLILNDV\RQXQX�EHOLUOH\HELOPHN�LoLQ�6<%5�*UHHQ�,�ER\DVÕ�NXOODQÕOGÕ�� 
SYBR Green ,�IORUHVDQ�ÕúÕPD\Õ�VDSWDPDN�LoLQ�HQ�VÕN�NXOODQÕODQ�ER\DGÕU��6<%5�

*UHHQ�,��oLIW� LSOLNOL�'1$¶\D�ED÷ODQÕU��2UWDPGDNL�oLIW� LSOLNOL�'1$�VD\ÕVÕ�DUWWÕNoD��\DQL�
DPSOLIL\H�RODQ�F'1$�PLNWDUÕ�DUWWÕNoD�HOGH�HGLOHQ�IORUHVDQ�PLNWDUÕ�GD�DUWDU� 

PCR sonucu elde edilen ürünOHULQ�JHUoHN�3&5��U�Q��ROXS�ROPDGÕ÷Õ�HULPH�H÷ULVL�
�PHOWLQJ� FXUYH�� \|QWHPL� LOH� NRQWURO� HGLOGL�� (ULPH� ÕVÕVÕ� �7m), genin amplifikasyon 

�U�Q�Q�Q����¶VLQLQ�GHQDW�UH�ROGX÷X� VÕFDNOÕN�GH÷HULGLU�YH�EX�GH÷HU�JHQLQ�GL]LVLQH�YH�
�*&� RUDQÕQD� ED÷OÕ� RODUDN� IDUNOÕOÕN� J|VWHULU�� (ULPH� H÷ULVL� \|QWHPL� GH� EX� |]HOOLNWHQ�
\DUDUODQDUDN��3&5�VRQXQGD�HOGH�HGLOHQ�DPSOLILNDV\RQ�H÷ULOHULQLQ�JHQ��U�Q��P��\RNVD�
SULPHU�GLPHU�\D�GD�RUWDP�NLUOLOL÷LQH�ED÷OÕ�ELU�H÷UL�ROXS�ROPDGÕ÷ÕQÕ�EHOLUOHU�� 
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3.3.5.1 Primerler 

F'1$� NXOODQÕODUDN�� 'LIWHUL� 7RNVLQL� YHULOPLú� K�FUHOHUOH� YH� YHULOPHPLú� NRQWURO�
K�FUHOHULQGH�DSRSWR]�PHNDQL]PDVÕQGD�URO�DODQ�.DVSD]-3, Kaspaz-9, Bcl-2 ve Sitokrom 

&� JHQOHULQLQ� HNVSUHV\RQX� LQFHOHQGL�� %X� DPDoOD� DúD÷ÕGDNL� WDEORGDNL� SULPHU� VHWOHUL�
Sequencher Version 4.1.4 demo bilgisayar programÕ� NXOODQÕODUDN� GL]D\Q� HGLOLS�
NXOODQÕOGÕ� 
Tablo 3-1: Gen ekspresyonu incelenecek genlerin primer dizileri. 

 Primer dizileri 
Primer 

Boyu 

Ürün 

Boyu 

bç 

*ø�1R 

F 
5’-ATT GTG GAA TTG ATG CGT 

G-3’ 
22 bç 

Casp-3 

R 
5’-AGT TCT GTA CCA CGG 

CAG G-3’ 
21 bç 

218 bç 51464381 

F 
5’-TGA GGA CCT TCG ACC 

AGC-3’ 
21 bç 

Casp-9 

R 
5’-ACG TAC CAG GAG CCA 

CTC-3’   
21 bç 

124 bç 51459255 

F 
5’-AGG AAG TGA ACA TTT 

CGG TGA C-3’  
21 bç 

Bcl-2 

R 
5’-GCT CAG TTC CAG GAC 

CAG GC-3’  
21 bç 

174  14121606 

F 

5’-

AGGCCCCTGGATACTCTTACA

CAG-3’ 

21 bç 

Sitokrom

-C 

R 

5’-

TCAGTGTATCCTCTCCCCAGA

TG-3’ 

21 bç 

126 14121650 

 

Bcl-2, Sitokrom C, Kaspaz-3 ve Kaspaz-9 genlerinin amplifikasyonu Light 

&\FOHU� �5RFKH� 'LDJQRVWLFV�� DOHWL� NXOODQÕODUDN� \DSÕOGÕ�� .DQWLWDWLI� GH÷HUOHQGLUPH�
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\DSDELOPHN�DPDFÕ\OD�HNVSUHV\RQX�VDELW�ROGX÷X�YDUVD\ÕODQ�³KRXVHNHHSLQJ´�JHQ��LQWHUQDO�
NRQWURO��RODUDN���-PLNURJOREXOLQ�JHQL�DúD÷ÕGDNL�SULPHUOHU�NXOODQÕODUDN�DPSOLIL\H�HGLOGL� 

B2-micF   5' TGC CGT GTG AAC CAT GTG AC 3'  

B2-micR   5' ACC TCC ATG ATG CTG CTT ACA  3’ 

Kaspaz-3, Kaspaz-9, Bcl-2 ve Sitokrom-&� JHQOHULQLQ� HNVSUHV\RQ� RUDQÕ��
KRXVNHHSLQJ��KHU�GRNXGD�D\QÕ�G�]H\GH�DQODWÕPD�JLUHQ��JHQOHULQNLQH�RUDQODQGÕ� 

��������67$1'$57�(ö5ø¶1ø1�+$=,5/$10$6, 
�����������'DKD�|QFHNL�oDOÕúPDODUÕPÕ]�LoLQ�S*(0�YHNWRU�QH�NORQODQPÕú�RODQ��2-mikroglobulin 

JHQL�VWDQGDUW�H÷UL�KD]ÕUODQPDVÕQGD�NXOODQÕOGÕ� 

pGEM+B2 mikro-globulin

3094 bps

500

1000

1500

2000

2500

3000

ApaI,10
Bsp120I,10
AatII,16
NspI,22
SphI,22
NcoI,37
StyI,37
NotI,42++

NspI,116

143
SpeI
EcoRI
NotI
SbfI
PstI
BspMI
AccI
HincII
SalI
NdeI
Ecl136II
SacI
BstXI
AflIII
MluI
NsiI
Ppu10I
202

SapI,473

AflIII,596
BspLU11I,596
NspI,596

AlwNI,1007

AhdI,1484
BsaI,1556

BpmI,1574

ScaI,1967
TatI,1967

XmnI,2084

DraIII,2678
BsaAI,2681

NaeI,2784
NgoMIV,2784

B2-mikro-globulin

 

ùHNLO�3-1��S*(0�YHNWRU�QH�NORQODQPÕú�RODQ��2-mikroglobulin geni. 

.ORQODQPÕú� �2-PLNURJOREXOLQ� JHQL� NXOODQÕODUDN�� ����� IHQWRJUDP� GLOXV\RQGDQ�
EDúODQDUDN���¶DU�NDW�D]DODQ���GLO�V\RQ�NXOODQÕODUDN���VWDQGDUW�ROXúWXUXOGX� 
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��������*HUoHN�=DPDQOÕ Kantitatif PCR: 

 

3ULPHUOHU���SPRO��O��������������������O 
6\EU�*UHHQ�PL[��;��5RFKH���������O 
cDNA                                        2 �O             
Toplam                                     10 �l 

1RW��6\EU�*UHHQ��NDUÕúÕPÕ��7DNDUD�([�7DT�+RW�VWDUW��G173��NDUÕúÕPÕ��0J����YH�
6\EU�*UHHQ�,�ER\DVÕ�LoHUPHNWHGLU� 

Kaspaz-3, Kaspaz-9, Bcl-2 ve Sitokrom C genlerinin amplifikasyonunun tespiti 

LoLQ�DúD÷ÕGDNL�NDQWLWDWLI�3&5�NRúXOODUÕ�NXOODQÕOGÕ� 
Tablo 3-2: Q-3&5�.RúXOODUÕ� 

Program 1: Denatürasyon 

Segment 6ÕFDNOÕN Zaman (÷LP 

1 95°C 10 saniye 20 

 

Program 2: Amplifikasyon 

Segment 6ÕFDNOÕN Zaman (÷LP 

1 95°C 5 saniye 20 

2 55°C 10 saniye 20 

3 72°C 10 saniye 20 

4 77°C 5 saniye 20 

 

Program ���(ULPH�(÷ULVL�DQDOL]L 
Segment 6ÕFDNOÕN Zaman (÷LP 

1 95°C 0 20 

2 65°C 15 20 

3 95°C 0 0.1 

 

           Program ����6R÷XWPD 
Segment 6ÕFDNOÕN (÷LP 

1 40°C 20 
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4. BULGULAR 

dDOÕúPD� JUXEXQX� øVWDQEXO� hQLYHUVLWHVL�� øVWDQEXO� 7ÕS� )DN�OWHVL�� %L\RIL]LN� YH�
+LVWRORML� $QDELOLP� 'DOÕ� K�FUH� EDQNDODUÕndan elde edilen K562 ve HL-60 hücreleri 

ROXúWXUPXúWXU�� %X� K�FUHOHU�� ���� '062� YH� ���� VHUXP� YDUOÕ÷ÕQGD� NUL\R� W�SOHU�
LoHULVLQGH�� VÕYÕ� QLWURMHQ� RUWDPÕQGD� VDNODQGÕNODUÕQGDQ� oDOÕúPD� |QFHVL� WHNUDU� N�OW�U� LoLQ�
KD]ÕUODQPDODUÕ� JHUHNWL�� ���� 6HUXP�� 6WUHSWRPRVLQ� YH� SHQLVLOLQ� LoHUHQ� ��� RUDQÕQGD�
DQWLEL\RWLN�YH�'XOEHFFR
V�0RGLILHG�(DJOH
V�0HGLXP��'0(0��LoHUHQ�N�OW�U�RUWDPÕQGD�
37°C’de ve %5 CO2��YDUOÕ÷ÕQGD�QHPOL�RUWDP�NRúXOODUÕQGD�\HWHULQFH�oR÷DOWÕOGÕ� 

Difteri toksini verilen hücrelerle, verilmeyen kontrol hücrelerinden 0., 1., 3., 6. 

YH�����VDDWOHUGH�DOÕQDQ�KHU�ELU�|UQHN�LoLQ�DQÕQGD�WRWDO�51$�L]RODV\RQ�NLWL�NXOODQÕODUDN�
51$� L]RODV\RQX�\DSÕOGÕ��(OGH� HGLOHQ�51$¶ODUÕQ�PLNWDUÕ� YH�NDOLWHVL���¶OLN� DJRUR]� MHO�
HOHNWURIRUH]LQGH�J|U�QW�OHQGL��ùHNLO������ 

 

ùHNLO�4-1: Tüm RNA örneklerinin % 1’lik agaroz jel elektroforezinde görüntülenmesi. 
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'DKD� VRQUD� F'1$�HOGH�HGLOGL�YH�EXQODUÕQ� |]J�QO�NOHUL� ELU�KRXVH�NHHSLQJ�JHQ�
RODQ�+357�LOH�NRQWURO�HGLOGL�ùHNLO��-2). 

 

ùHNLO�4-2��F'1$�VHQWH]L�NRQWURO��LoLQ�+357�JHQL�NXOODQÕOGÕ� 
 

+HGHIOHQHQ� JHQOHULQ� HNVSUHV\RQODUÕ� JHUoHN� ]DPDQOÕ� 3&5� �/LJKW&\FOHU�� 5RFKH�
Diagnostics) kullanarak incelendi.  

$\UÕFD�� /LJKW� &\FOHU¶GD� HOGH� HGLOHQ� �U�QOHULQ� |]J�QOüklerinin kontrolü 

DPDFÕ\OD�� KHU� �U�Q� LoLQ� D\UÕ� D\UÕ� HULPH� H÷ULVL� DQDOL]L� VRQXoODUÕ� YH� JUDILNOHUL� NRQWURO�
HGLOGL�� ùHNLOOHUGH� GH� J|U�OHELOHFH÷L� JLEL� KHGHI� E|OJHOHU� GÕúÕQGD� ���-mikroglobulin, 

CASP-3, CASP-9, Bcl-2 ve Sitokrom C) spesifik olmayan bir amplifikasyona 

UDVWODQPDGÕ��+HU�JHQH�DLW�HULPH�H÷ULVL�WHN�WHN�GH÷HUOHQGLULOGL��7DEOR������ 
Tablo 4-1��3&5�IUDJPDQODUÕPÕ]ÕQ�(ULPH�(÷ULVL��7P��GH÷HUOHUL� 
 

dDOÕúÕODQ�JHQOHU 

 

(ULPH�(÷ULVL 
Kaspaz-3   81ºC 

Kaspaz-9   83,5ºC 

Bcl-2   86,5ºC 

Sitokrom C   79  ºC 

�2-mikroglobulin   85 ºC 
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ùHNLO� 4-3: 1, 2, 3 ve 4 no’lu örnekler için ��-PLNURJOREXOLQ� HULPH� H÷ULVL� GH÷HUOHUL� YH�
grafikler. 

 

ùHNLO�4-4: 5, 6, 7, 8, 10, 12 no’lu örnekler için ��-mikroglobulin, Bcl-2 ve Sitokrom C gen 
�U�QOHULQH�DLW�HULPH�H÷ULVL�GH÷HUOHUL�YH�JUDILNOHU� 

 



 27 

 

ùHNLO�4-5: 13, 14, 15, 16, 17, 18, 19, 20 no’lu örnekler için ��-mikroglobulin, Kaspaz-3 ve 
Kaspaz-��JHQOHUL��U�QOHULQH�DLW�HULPH�H÷ULVL�GH÷HUOHUL�YH�JUDILNOHU� 

 

ùHNLO�4-6: 1, 2, 3nolu örnekler  için ��-PLNURJOREXOLQ�HULPH�H÷ULVL�GH÷HUOHUL�YH�JUDILN� 
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ùHNLO�4-7: Genlerin ekspresyon dereceleri. 

 

 

Bu sonuçlar elde edildikten sonra, örneklerin Kaspaz-3, Kaspaz-9, Bcl-2 ve 

Sitokrom C gen ekspresyon dereceleri VWDQGDUW� H÷UL� �FXUYH�� GH÷HUOHUL� NXOODQÕODUDN�
�S*(0���-PLNURJOREXOLQ� SODVPLG�� YH� LQWHUQDO� NRQWURO� ���-mikroglobulin) genlerinin 

ekspresyon dereceleri ile oranlanarak göreceli ifade bLULPOHUL��*ø%��KHVDSODQGÕ� 
6WDQGDUW�H÷UL�GH���-PLNURJOREXOLQ� LOH�KD]ÕUODQGÕ÷Õ� LoLQ�*ø%�GH÷HUOHUL�DúD÷ÕGDNL�

IRUP�O�NXOODQÕODUDN�KHVDSODQGÕ� 
 

*ø%� �+HGHI�JHQ�HNVSUHV\RQX���%�-mikroglobulin ekspresyonu  
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dDOÕúPD� JUXEXQGD� HOGH� HGLOHQ� .DVSD]-3, Kaspaz-9, Bcl-2 ve Sitokrom C 

J|UHFHOL�HNVSUHV\RQ�GH÷HUOHUL�7DEOR��-2 ve Tablo 4-3’te verildi. 

Tablo 4-2: Tüm örneklerde Kaspaz-9 ve Kaspaz-�� JHQOHULQLQ� JHUoHN� ]DPDQOÕ� NDQWLWDWLI�
PCR (Q-3&5��VRQUDVÕQGD�KHVDSODQDQ�J|UHFHOL�HNVSUHV\RQ�GH÷HUOHUL� 

 Kaspaz-9 Kaspaz-3 

01- K562 DT (0.saat) 0,002452064 0,271611021 

02- K562 K (0.saat) 0,001240501 0,408191925 

03- HL-60 DT (0.saat) 0,003669055 0,393975584 

04- HL-60 K (0.saat) 0,005569112 0,335714286 

05- K562 DT (1.saat) 0,001294643 0,783234127 

06- K562 K (1.saat) 0,005209004 0,487901626 

07- HL-60 DT (1.saat) 0,000189632 0,707634001 

08- HL-60 K (1.saat) 0,008080402 0,520938023 

09- K562 DT (3.saat) 0,000300983 0,717199017 

10- K562 K (3.saat) 0,029495017 0,240990864 

11- HL-60 DT (3.saat) 0,000343176 0,555100311 

12- HL-60 K (3.saat) 0,018634957 0,828147907 

13- K562 DT (6.saat) 0,019361121 0,327741715 

14- K562 K (6.saat) 0,001876433 0,411532951 

15- HL-60 DT (6.saat) 0 0,292936674 

16- HL-60 K (6.saat) 0,002236744 0,409634055 

17- K562 DT  (12.saat) 0,000618022 0,321337489 

18- K562 K (12.saat) 0,012076839 0,508155129 

19- HL-60 DT (12.saat) 0 0,146802326 

20- HL-60 K (12.saat) 0 0,213932532 
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Tablo 4-3: Tüm örneklerde Bcl-2 vH� 6LWRNURP�&� JHQOHUL� LoLQ�� JHUoHN� ]DPDQOÕ� NDQWLWDWLI�
PCR (Q-3&5��VRQUDVÕ�KHVDSODQDQ�J|UHFHOL�JHQ�HNVSUHV\RQ�GH÷HUOHUL� 

 Bcl-2 Sitokrom C 

01- K562 DT (0.saat) 0,021982128 0,788708367 

02- K562 K (0.saat) 0,018945218 0,830807047 

03- HL-60 DT (0.saat) 0,011534805 0,39602649 

04- HL-60 K (0.saat) 0,015491379 0,624413793 

05- K562 DT (1.saat) 0,001632062 0,240983948 

06- K562 K (1.saat) 0,000631354 1,165895838 

07- HL-60 DT (1.saat) 0,00766663 0,08733255 

08- HL-60 K (1.saat) 0 0,161269325 

09- K562 DT (3.saat) 0,055901383 0,622989408 

10- K562 K (3.saat) 0,031034483 3,188300701 

11- HL-60 DT (3.saat) 0 0,01437421 

12- HL-60 K (3.saat) 0,028946474 3,700791066 

13- K562 DT (6.saat) 0,016276916 0,222652885 

14- K562 K (6.saat) 0,022604273 0,254526958 

15- HL-60 DT (6.saat) 0,003209248 0,063851881 

16- HL-60 K (6.saat) 0,017838676 0,138572906 

17- K562 DT  (12.saat) 0,018727273 0,489197861 

18- K562 K (12.saat) 0,00959144 0,184587116 

19- HL-60 DT (12.saat) 0,022912173 0,380431433 

20- HL-60 K (12.saat) 0,017295498 0,166296766 
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ùHNLO� 4-8: Kaspaz-�� JHQL� HNSUHV\RQXQXQ� W�P� K�FUH� JUXSODUÕQGD� J|UHFHOL� HNVSUHV\RQ�
GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPLQL�J|VWHUHQ�JUDILN� 
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ùHNLO� 4-9: Kaspaz-3 geni ekprHV\RQXQXQ� W�P� K�FUH� JUXSODUÕQGD� J|UHFHOL� HNVSUHV\RQ�
GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPLQL�J|VWHUHQ�JUDILN� 
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Sit- C
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ùHNLO�4-10��6LWRNURP�&�JHQL� HNSUHV\RQXQXQ� W�P�K�FUH�JUXSODUÕQGD�J|UHFHOL� HNVSUHV\RQ�
GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPLQL�J|VWHUHQ�JUDILN� 
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ùHNLO� 4-11: Bcl-�� JHQL� HNSUHV\RQXQXQ� W�P� K�FUH� JUXSODUÕQGD� J|UHFHOL� HNVSUHV\RQ�
GH÷HUOHULQLQ�]DPDQOD�GH÷LúLPLQL�J|VWHUHQ�JUDILN� 
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Tablo 4-4��+�FUH�VD\ÕPÕ�VRQXoODUÕ�YH�FDQOÕOÕN�WD\LQL�VRQXoODUÕ� 
  K�FUH�VD\ÕVÕ toplam ölü yüzde ölüm 

01- K562 DT (0.saat) 1.252.500 88 4 4,55 

02- K562 K (0.saat) 967.500 88 2 2,27 

03- HL-60 DT (0.saat) 1.177.500 96 6 6,25 

04- HL-60 K (0.saat) 930.000 93 2 2,15 

05- K562 DT (1.saat) 1.200.000 82 1 1,22 

06- K562 K (1.saat) 1.042.500 93 1 1,08 

07- HL-60 DT (1.saat) 900.000 79 4 5,06 

08- HL-60 K (1.saat) 900.000 81 2 2,47 

09- K562 DT (3.saat) 1.290.000 77 5 6,49 

10- K562 K (3.saat) 1.117.500 98 4 4,08 

11- HL-60 DT (3.saat) 1.252.500 153 31 20,26 

12- HL-60 K (3.saat) 1.170.000 77 13 16,88 

13- K562 DT (6.saat) 1.005.000 164 16 9,76 

14- K562 K (6.saat) 1.162.500 200 39 19,5 

15- HL-60 DT (6.saat) 1.357.500 334 91 27,25 

16- HL-60 K (6.saat) 1.237.500 169 29 17,16 
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ùHNLO�4-12��+�FUH�VD\ÕPÕ�VRQXoODUÕQÕQ�]DPDQOD�GH÷LúLPL� 
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ùHNLO�4-13��+�FUHOHULQ�|O�P�\�]GHOHULQLQ�]DPDQOD�GH÷LúLPL� 
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5. 7$57,ù0$ 

Difteri Toksini (DT), toksik etkisini ribozomlarda polipeptid molekülünün 

X]DPDVÕQGD�URO�DODQ�|NDU\RWLN�HORQJDV\RQ�IDNW|U�����H()��¶\L�LQDNWLYH�HGHUHN�\D�GD�ELU�
EDúND� GH\LúOH� 1$'¶QLQ� YDUOÕ÷ÕQGD� H()�¶\L� $'3-ULER]LOOH\HUHN� LQDNWLIOHúWLULS� SURWHLQ�
VHQWH]LQLQ� GXUPDVÕQD� \RO� DoDU� ������ '7�� SURWHLQ� VHQWH]L� LQKLELV\RQX� \DQÕ� VÕUD� K�FUH�
LVNHOHWLQLQ� \ÕNÕPÕQD� YH� Q�NOHR]RPODUDUDVÕ� '1$� NÕUÕOPDVÕQD� VHEHS� ROXU� ������ $QFDN��
SURWHLQ� VHQWH]LQLQ� LQKLELV\RQX� LOH� WRNVLQH� ED÷OÕ� K�FUH� |O�P�� DUDVÕQGDNL� LOLúNL� WDP�
DoÕNOÕ÷D� NDYXúPXú� GH÷LOGLU� K562 hücre soyunda, DT protein sentezi etkin biçimde 

GXUGXUPDVÕQD�NDUúÕQ��VLWRWRNVLN��K�FUHOHUL�|OG�U�F���ELU�HWNL�J|VWHUPH]��%X�GD�'7¶QLQ�
VLWRWRNVLN� HWNLVLQLQ� \DOQÕ]FD� SURWHLQ� VHQWH]LQLQ� GXUPDVÕ\OD� DoÕNODQDPD\DFD÷ÕQÕ�
G�ú�QG�UPHNWHGLU� 

3URJUDPODQPÕú� K�FUH ölümü (apoptoz), çok hücreli organizmalarda gereksiz, 

KDVDUOÕ�\D�GD�]DUDUOÕ�K�FUHOHULQ�LQIODPDWXYDU�\DQÕW�ROPDNVÕ]ÕQ�\RN�HGLS�RUJDQL]PDQÕQ�Lo�
GHQJHVLQLQ�GHYDPOÕOÕ÷ÕQÕ�VD÷OD\DQ�IL]\RORMLN�ELU�ROD\GÕU��������$SRSWR]��E�]�OPH��'1$�
fragmentasyonu, kromatin koQGHQVDV\RQX�YH�K�FUHQLQ�IDJRVLWR]OD�RUWDGDQ�NDOGÕUÕOPDVÕ�
DúDPDODUÕQÕ� LoHULU� ����� %X� V�UHoWH�� NDVSD]� DLOHVL� �\HOHUL� LOH� %FO-2/Bax ailesindeki 

JHQOHULQ�HNVSUHV\RQODUÕ�|QHPOLGLU�� 
%X� oDOÕúPDGD� GLIWHUL� WRNVLQLQLQ� DSRSWRWLN� V�UHoWH� DOGÕ÷Õ� URO�Q� RUWD\D�

oÕNDUÕODEilmesi için apoptotik süreçte rol alan Caspase-3, Caspase-9, Bcl-2 ve Sitokrom 

&� JHQOHULQLQ� P51$� G�]H\LQGHNL� HNVSUHV\RQ� GH÷LúLNOLNOHUL� LQFHOHQPLúWLU�� %X� DPDoOD�
'LIWHUL� 7RNVLQLQH� GLUHQoOL� .���� K�FUHOHUL� LOH� 'LIWHUL� 7RNVLQLQH� GX\DUOÕ� +/-60 

hücrelerinde söz kRQXVX� JHQOHULQ� P51$� G�]H\LQGH� HNVSUHV\RQODUÕ� JHUoHN� ]DPDQOÕ�
NDQWLWDWLI�3&5�\|QWHPL\OH�'7�YDUOÕ÷ÕQGD�YH�\RNOX÷XQGD�LQFHOHQPLúWLU� 

%XOJXODUÕ�WDUWÕúPD\D�JHoPHGHQ�|QFH��NXOODQÕODQ�\|QWHPLQ�HNVSUHV\RQ�DQDOL]L�LOH�
LOJLOL� RODVÕ� VRUXQODUÕQÕ� WDUWÕúPDNWD� \DUDU� YDUGÕU�� %X� oDOÕúPDGD� V|]� NRQXVX� JHQOHULQ�
P51$�G�]H\LQGH�HNVSUHV\RQODUÕ�JHUoHN�]DPDQOÕ�NDQWLWDWLI�3&5�\|QWHPL\OH�LQFHOHQPLú�
YH�HOGH�HGLOHQ�YHULOHU�SURWHLQ�G�]H\LQGH�GR÷UXODQPDPÕúWÕU��%X�QHGHQOH�YHULOHULQ��EXQGDQ�
VRQUDNL� DUDúWÕUÕOPDODUÕQ� SODQODQPDVÕQD� ]HPLQ� KD]LUlayacak öncü veriler olarak 

GH÷HUOHQGLULOPHVL�X\JXQ�RODFDNWÕU� 
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%X�oDOÕúPD�VRQXFXQGD��.����K�FUHOHULQGH�'7�NRQPXú�K�FUHOHUGHNL�6LWRNURP�&�
JHQLQLQ� HNVSUHV\RQXQXQ� '7� NRQPDPÕú� NRQWURO� K�FUHOHULQNLQH� J|UH� GDKD� D]� ROGX÷X�
J|]OHQPLúWLU�� +/-60 hücrelerinde ise DT kRQPXú� K�FUHOHUGH� 6LWRNURP� &� JHQLQLQ�
HNVSUHV\RQX�NRQWURO�K�FUHOHULQNLQH�J|UH�oRN�GDKD�ID]OD�D]DOGÕ÷Õ�J|]OHQPLúWLU��%X�GXUXP�
.���� K�FUHOHULQLQ� '7¶QH� GLUHQoOL� ROPDVÕ�+/-��� K�FUHOHULQLQ� GX\DUOÕ� ROPDVÕ� LOH� LOJLOL�
RODELOLU��.����K�FUHOHULQGH�'7�NRQPXú�K�FUHOHUGHki Bcl-2 geninin ekspresyonunun DT 

NRQPDPÕú� NRQWURO� K�FUHOHULQNLQH� J|UH� GDKD� ID]OD� ROGX÷X� J|]OHQPLúWLU�� +/-60 

K�FUHOHULQGH� LVH� '7� YDUOÕ÷ÕQGD� %FO-2 geninin ekspresyonu yok denecek kadar az, 

6LWRNURP� &� HNVSUHV\RQX� LVH� NRQWURO� K�FUHOHULQH� J|UH� oRN� G�ú�N� EXOXQPXúWXU�� %FO-2 

DQWLDSRSWRWLN� ELU� JHQ� ROGX÷XQGDQ� DSRSWR]D� JLGHQ� K�FUHOHUGH� P51$� VHQWH]LQLQ� D]�
ROPDVÕ� EHNOHQHQ� ELU� VRQXoWXU�� $SRSWR]GD� PLWRNRQGULGHQ� VDOÕQDUDN� .DVSD]� \ROD÷ÕQÕQ�
DNWLIOHúPHVLQH�VHEHS�RODQ�6LWRNURP�&�HNVSUHV\RQXQXQ�EX�oDOÕúPDGD�G�ú�N�oÕNPDVÕ�EX�
yROD÷ÕQ� oDOÕúPDGÕ÷Õ� DQODPÕQD� JHOPH\HELOLU�� d�QN�� PLWRNRQGUL� LoLQGHNL� PHYFXW�
6LWRNURP� &¶QLQ� VLWRSOD]PD\D� VDOÕQPDVÕ� NRQXVXQGD� P51$� G�]H\L� \HWHUOL� ELOJL�
YHUPHPHNWHGLU��%XQXQ�LoLQ�SURWHLQ�G�]H\LQGH�oDOÕúÕOPDVÕ�\DUDUOÕ�RODFDNWÕU�\D�GD�EXUDGD�
apoptotik süreç mitoNRQGUL� �]HULQGHQ�GH÷LO� GH� GL÷HU�ELU�\RODNWDQ�.DVSD]�DNWLYDV\RQX�
VRQXFX�ROXúPXú�RODELOLU� 

HL-���K�FUHOHULQGH�'7�NRQPXú�K�FUHOHUGHNL�.DVSD]-9 geninin ekspresyonunun 

'7�NRQPDPÕú�NRQWURO�K�FUHOHULQNLQH�J|UH�\RN�GHQHFHN�NDGDU�D]�ROGX÷X�J|]OHQPLúWLU��
Apoptotik bir gen olan Kaspaz-�¶XQ�HNVSUHV\RQX�.����K�FUHOHULQGH�LVH�'7�YDUOÕ÷ÕQGD�
NRQWURO� K�FUHOHULQNLQH� J|UH� JHFLNPH\OH� DPD� \DNODúÕN� RODUDN� D\QÕ�PLNWDUGD� ROPXúWXU��
$\UÕFD� KHP� .���� KHP� +/-��� K�FUHOHULQGH� '7� YDUOÕ÷ÕQGD� .DVSD]� �� JHQLQLQ�
ekspresyonu 0. ve 3. saatler arDOÕ÷ÕQGD� DQODPOÕ� ELU� úHNLOGH�DUWPDNWDGÕU��+HU� LNL� K�FUH�
tipinde de Kaspaz 9 geninin ekspresyonunda Kaspaz-3’e göre gen ekspresyonu çok 

GDKD�D]GÕU��7�P�EX�oDOÕúPDODUGD�P51$�G�]H\OHULQGHNL�DUWÕú���VDDWOHUH�GHQN�JHOPHNWH�
ROXS�EXQXQ��]HULQGH�G�ú�Q�OPHVL�GDKD�ID]OD�|UQHNWH�oDOÕúÕOPDVÕ�VRQXoODUÕ�GDKD�DQODPOÕ�
NÕODFDNWÕU� 

%X�oDOÕúPDQÕQ�YHULOHULQLQ��P51$�G�]H\LQGH�HNVSUHV\RQXQD�EDNWÕ÷ÕPÕ]�JHQOHULQ�
SURWHLQ� G�]H\LQGH� GH� D\QÕ� ]DPDQ� GLOLPLQGH� YH� D\QÕ� PLNWDUGD� '7� YDUOÕ÷ÕQGD� IDUNOÕ�
\|QWHPOHUOH�NDUúÕODúWÕUÕOPDVÕ�X\JXQ�RODFDNWÕU� 

'LIWHUL� 7RNVLQLQLQ� %� IUDJPDQÕQÕQ�� %FO-2 ailesinin temsilcileri ile önemli dizi 

EHQ]HUOL÷LQH�VDKLS�ROGX÷X�RUWD\D�NRQPXúWXU�������%X�EHQ]HUOLNOHU�%FO-2 proteinlerinin 
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DSRSWRWLN� WHPVLOFLOHULQLQ�PLWRNRQGUL� ]DUÕQGD� NDQDOODU� DoWÕ÷Õ� G�ú�QFHVLQLQ� LON� NDQÕWODUÕ�
RODUDN� GH÷HUOHQGLULOPLúWLU��$QFDN��'7¶QLQ� K�FUH� LoLQGHNL� DNÕEHWL� ELOLQPHPHNWHGLU��%X�
GXUXPGD�)%�PLWRNRQGUL�]DU�JHoLUJHQOL÷LQL�DUWWÕUÕ\RUVD�EXQXQ�VRQXFXQGD�PLWRNRQGULGHQ�
6LWRNURP�&¶QLQ�VDOÕQPDVÕ\OD�DSRSWR]�JHUoHNOHúHFHNWLU� 

dDOÕúPDPÕ]GD� HOGH� HGLOHQ� HNVSUHV\RQ� GH÷HUOHUL�� KHU� K�FUHGH� LIDGH� HGLOHQ� YH�
µKRXVHNHHSLQJ¶�JHQ�RODUDN�NDEXO�HGLOHQ�GL÷HU�ELU�JHQ�LOH�NDUúÕODúWÕUÕODUDN�J|UHFHOL�RODUDN�
KHVDSODQPÕúWÕU�� %XQXQOD� EHUDEHU�� EXOJXODU� E|O�P�QGH�GH� WDUWÕúÕOGÕ÷Õ� JLEL� KHGHI� JHQGH�
oR÷DOWÕODQ� �U�Q�Q� E�\�NO�÷��� KHGHIOHQHQ� JHQRP� E|OJHVL� YH� GL÷HU� 3&5� UHDNVL\RQX�
GH÷LúNHQOHULQH� ED÷OÕ� RODUDN�� 3&5� HWNLQOL÷L� GH� HNVSUHV\RQ� GH÷HUOHUL� �]HULQH� HWNLOL�
ROPDNWDGÕU��%X�VRQXoWD��oR÷DOWÕODQ��U�Q�Q�GL÷HUOHULQGHQ�E�\�NO�÷��YH�YH\D�GL÷HU�3&5�
GH÷LúNHQOHUL�URO�R\QDPÕú�RODELOLU� 

%XQD�ED÷OÕ�RODUDN��K�FUH�VR\X�LOH�ODERUDWXDU�NRúXOODUÕQGD�HOGH�HGLOHQ�VRQXoODUÕQ�
IDUNOÕOÕNODU� LoHUPHVL� EHNOHQHELOLU��0HYFXW� NRúXOODUGD�� SURWHLQ�G�]H\LQGH� HNVSUHV\RQXQ�
LQFHOHQPHVL� VRUXQXQ� D\GÕQODWÕOPDVÕQD� \DUGÕPFÕ� RODFDNWÕU�� %X� YHULOHULQ� PXWODND�
apoptotik hücrelerde hHP�P51$�KHP�GH�SURWHLQ�HNVSUHV\RQX�G�]H\LQGH�GR÷UXODQPDVÕ�
JHUHNOLGLU�� %X� QHGHQOH�� YHULOHULPL]LQ� GL÷HU� NRúXOODUGD� GD� GR÷UXODQPDVÕ�� NDQVHU�
DUDúWÕUPDODUÕ�LoLQ�GH�|QHPOL�ELU�NRQX\X�J�QGHPH�JHWLUHFHNWLU�� 

dDOÕúPDPÕ]ÕQ�VRQXoODUÕQÕQ�EXQGDQ�VRQUDNL�DUDúWÕUPDODUÕQ�SODQODQPDVÕQD�]HPLQ�
KD]ÕUOD\DFDN�|QF��YHULOHU�RODUDN�GH÷HUOHQGLULOPHVL�X\JXQ�RODFDNWÕU� 
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