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øQIHNVL\RQ�+DVWDOÕNODUÕQÕQ�7DQÕVÕQGD�.XOODQÕODQ�'1$�3UREODUÕ�YH�1�NOHLN
$VLG�dR÷DOWPD��$PSOLILNDV\RQ��<|QWHPOHUL

'U� ø� +DOLO g]HURO
1

*�Q�P�]GH� '1$ SUREODUÕ YH Q�NOHLN DVLW DPSOLILNDV\RQ �1$d� \|QWHPOHUL� |]HOOLNOH N�OW�U YH VHURORMLN

WHVWOHUL ]RU� SDKDOÕ YH\D EXOXQPD\DQ PLNURRUJDQL]PDODUÕQ |]HOOLNOHULQL WDQÕPODPDGD oRN \DUDUOÕGÕU� %X

WHVWOHUGHQ '1$ SURE WHPHOOL RODQODU� |]HOOLNOH GRNXGD PLNURRUJDQL]PDQÕQ ORNDOL]DV\RQ YH GD÷ÕOÕPÕQÕ WHVSLW

HWPHN LoLQ X\JXQGXU� 1$d \|QWHPOHUL LVH NOLQLN |UQHNWH� EHOLUOL ELU PLNURRUJDQL]PDQÕQ '1$ YH\D 51$¶VÕQÕQ

EXOXQXS EXOXQPDGÕ÷ÕQÕ WHVELW LoLQ NXOODQÕOÕU� 1$d \|QWHPOHUL ROGXNoD NRPSOHNVWLU� %X NRPSOHNVOLNWHQ GROD\Õ� EX

yöntemler 3 grupta incelenir; 1) hedef amplifikasyon yöntemleri: polimeraz zincir reaksiyonu (PCR), kendinden
GHYDPOÕ VHNDQV DPSOLILNDV\RQ ��65� YH\D LSOLNoLN X]DNODúWÕUDUDN DPSOLILNDV\RQ �6'$�� �� SURE DPSOLILNDV\RQ

yöntemleri: Qβ UHSOLND] YH OLJD] ]LQFLU UHDNVL\RQX �/&5�� �� ELOHúLN SURE YH\D GDOODQPÕú SURE �E'1$�

\|QWHPOHUL� 0ROHN�OHU \|QWHPOHUGHNL EX LOHUOHPHOHU� NOLQLN PLNUREL\RORML ODERUDWXYDUÕQGD GHYULP QLWHOL÷LQGHGLU�

%X GHUOHPHGH� \HQL \|QWHPOHU LOH EXQODUÕQ DYDQWDM� GH]DYDQWDM YH X\JXODPD DODQODUÕ WDUWÕúÕOPÕúWÕU� >7XUJXW g]DO

7ÕS 0HUNH]L 'HUJLVL �����������������@

Anahtar Kelimeler: Mikrobiyoloji, diagnostik testler, PCR, LCR, TAS/3SR, SDA, Qß replikaz, bDNA, DNA
SUREODUÕ

DNA probes and nucleic acid amplification techniques to diagnose infectious diseases

At present, DNA probes and nucleic acid amplification techniques are most useful for the characterization of
microorganisms for which culture and serological methods are difficult, extremely expensive, or unavailable.
DNA-probe based assays are particularly well suited for in situ hibridization in tissue in which the localization
and distribition of the microorganisms must be ascertained. Nucleic acid amplification procedures are complex
methods that determine whether DNA or RNA from a particular organism is present in the clinical specimen.
Because of this complexity, it is useful to assign such methods to one of three general categories; 1) target
amplification systems such as polymerase chain reaction (PCR), self-sustaining sequence amplification (3SR), or
strand displacement amplification (SDA); 2) probe amplification systems, which include Qβ replicase or ligase
chain reaction (LCR); and 3) signal amplification, in which the signal generated from each probe molecule is
increased by using compound probes or branched-probe technology (bDNA). Recent advances in molecular
technology may revolutionize the clinical microbiology laboratory. These new techniques, their advantages and
disadvantages, and some of the recent applications have been discussed in this review. [Journal of Turgut Özal
Medical Center 1997;4(3):329-344]
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'1$ SUREODUÕ �7DEOR ��� JHQHOOLNOH ODERUDWXYDUGD
�UHWLOHQ PLNURRUJDQL]PDODUÕQ KÕ]OÕ WDQÕPODQPDVÕ
DPDFÕ\OD NXOODQÕOPDVÕQD UD÷PHQ SROLPHUD] ]LQFLU
reaksiyonu (PCR), ligaz zincir reaksiyonu (LCR) ve
WUDQVNULSVL\RQ ED]OÕ DPSOLILNDV\RQ VLVWHPOHUL �7$6�
KÕ]OÕ WDQÕPODPD \|QWHPOHUL RODUDN NDEXO
HGLOPHPHNWHGLU� 1�NOHLN DVLWOHULQ LQ YLWUR oR÷DOWÕOPDVÕ
�7DEOR �� DPDFÕ\OD KHGHI� SURE YH\D VLQ\DO
DPSOLILNDV\RQ \|QWHPOHUL ROPDN �]HUH EDúOÕFD �
\|QWHP NXOODQÕOPDNWDGÕU ���� %X \|QWHPOHUGHQ� KHGHI
Q�NOHLN DVLW GL]LVLQLQ YH EX GL]L\H |]J�Q SULPHU¶ODUÕQ
oR÷DOWÕOPDVÕQGD YH\D HQ]LP�UDG\RDNWLI RODUDN
LúDUHWOHQHQ SUREODUÕQ KHGHIH ED÷ODQGÕNWDQ VRQUD
\D\GÕ÷Õ VLQ\DOOHULQ WHVSLW HGLOPHVLQGH
\DUDUODQÕOPDNWDGÕU� ùX DQGD VDGHFH N�OW�U YH VHURORMLN
WHVWOHUL ]RU� SDKDOÕ YH\D PHYFXW ROPD\DQ ED]Õ
PLNURRUJDQL]PDODUÕQ WHVSLWL DPDFÕ\OD NXOODQÕODQ EX
\HQL YH J�oO� \|QWHPOHU LOH LOJLOL ED]Õ SUREOHPOHU
DúÕODELOLUVH JHOHFHN \ÕOODUGD� EDúWD YLURORML ODERUDWXYDUÕ
ROPDN �]HUH GLDJQRVWLN ODERUDWXYDUODUÕQ YD]JHoLOPH]
ELU SDUoDVÕ RODFDNWÕU�

DNA PROBLARI

3URE� VSHVLILN '1$ ED] oLIWOHULQH ED÷ODQDQ YH
WLSLN RODUDN ���� ED] X]XQOX÷XQGD N�o�N ELU '1$
�ROLJRQ�NOHRWLG� SDUoDVÕGÕU� 2OLJRQ�NOHRWLGOHU�

radyoaktif izotop veya bir boya ile etiketlenerek direkt
olarak spesifik baz dizilerinin tespit edilmesinde
NXOODQÕOPDNWDGÕU� '1$ SUREODUÕ� |]HOOLNOH NODVLN

\|QWHPOHU NXOODQÕODUDN �UHWLOHQ PLNURRUJDQL]PDODUÕQ

KÕ]OÕ WDQÕPODQPDVÕ DPDFÕ\OD NOLQLN PLNUREL\RORML

ODERUDWXYDUÕQGD |QHPOL ELU URO R\QDPD\D EDúODPÕúWÕU�

'1$ SUREODUÕ� NDWÕ� VÕYÕ YH LQVLWX KLEULGL]DV\RQ

\|QWHPOHUL úHNOLQGH X\JXODQPDNWDGÕU �7DEOR ���

�� øQ VLWX KLEULGL]DV\RQ� øQIHNWH GRNXGD \DSÕOÕU�

Genellikle parafine gömülüp formalinle fikse edilen

GRNX NHVLWOHUL NXOODQÕOÕU� %X \|QWHPGH SUREOD

reaksiyona girebilmesi için doku kesitlerindeki hedef
'1$ GHQDW�UH HGLOPHOL DQFDN K�FUH \DSÕODUÕ

NRUXQPDOÕGÕU� 'HQDW�UDV\RQ VÕUDVÕQGD K�FUH \DSÕODUÕ

GD HWNLOHQHELOGL÷L LoLQ LQ VLWX KLEULGL]DV\RQ

\|QWHPOHULQLQ VHQVLWLYLWHVL G�ú�NW�U�

�� .DWÕ ID] KLEULGL]DV\RQ \|QWHPOHUL: Slot ve dot
EORW \|QWHPOHUL VDGHFH DUDúWÕUPD DPDFÕ\OD ED]Õ

ODERUDWXYDUODUGD NXOODQÕODQ '1$ SURE KLEULGL]DV\RQ

\|QWHPOHULGLU� %X \|QWHPOHUGH |QFH VD÷ODP K�FUH

SDUoDODQÕU� '1$ GHQDW�UH HGLOLU� GRW YH\D VORW

SR]LV\RQXQGD YDNXP DOWÕQGD QD\ORQ PHPEUDQGDQ

geçirilirek membrana tespit edilir. Bu membran
'1$¶\Õ J|VWHUHQ SURE NDSVD\DQ KLEULGL]DV\RQ

VROXV\RQXQD GDOGÕUÕOÕU� %D÷ODQPD\DQ UDSRUW|U SUREODU

\ÕNDQDUDN X]DNODúWÕUÕOÕU YH ED÷ODQDQ SUREODU WHVSLW

edilir. 'RW YH\D VORW EORWXQ DYDQWDMODUÕ; multipl
|UQHNOHULQ ELU GHIDGD oDOÕúÕODUDN ELU WHN ILOWUHGH

taranabilmesidir. Sandwich veya capture
hibridizasyon ile birlikte modifiye edilebilir. Bu
GXUXPGD KHGHI Q�NOHLN DVLWWH IDUNOÕ \HUOHUH ED÷ODQDQ

LNL SURE NXOODQÕOÕU� %LU SURE PHPEUDQD ED÷ODQÕU YH

|UQHNWHNL KHGHI Q�NOHLN DVLWL ED÷ODU� øNLQFL SURE

HWLNHWOLGLU YH Q�NOHLN DVLGH ED÷ODQGÕNWDQ VRQUD VLQ\DO

\D\ÕFÕ RODUDN J|UHY \DSDU� %D]Õ KXPDQ

SDSLOORPDYLU�VOHULQ WDUDQPDVÕ YH WHVSLW HGLOPHVL

DPDFÕ\OD VORW EORW WHVWOHUL NXOODQÕOPDNWDGÕU� 6RXWKHUQ

YH\D 1RUWKHUQ SURE¶ODU UDSRUW|U SUREODUD ED÷ODQDQ

'1$ IUDJPDQODUÕQÕQ oDSÕQÕQ WHVSLW HGLOPHVLQL

VD÷OD\DQ NDWÕ ID] KLEULGL]DV\RQ \|QWHPOHULGLU�

Northern blot, Southern blot’un bir varyasyonu olup
EXUDGD NXOODQÕODQ UDSRUW|U SURE '1$ \HULQH 51$¶\Õ

tespit etmektedir. Bu yöntemlerin uygulanabilesi için
'1$ YH\D 51$¶QÕQ VDIODúWÕUÕOPDVÕ JHUHNLU� 6RXWKHUQ

blot’ta örnekteki DNA izole edildikten sonra
restriksiyon endonükleaz enzimleri ile parçalanarak
DJDUR] MHO HOHNWURIRUH] \DSÕOÕS IUDJPDQODUÕQD D\UÕOÕU�

1RUWKHUQ EORW¶WD D\QÕ LúOHPOHU 51$ LoLQ \DSÕOÕU� +HU

iki yöntemde de nükleik asitlerin spesifik bir probla
hibridize olabilmesi için nitrosellülöz veya naylon
membrana transfer edilir. Bu prosedürlerin
GH]DYDQWDMODUÕ� ID]OD NRPSOHNV ROPDODUÕ� |UQHNWH

E�\�N PLNWDUGD Q�NOHLN DVLG EXOXQPDVÕQÕ

JHUHNWLUPHOHUL YH WHVWLQ WDPDPODQPDVÕQÕQ X]XQ ]DPDQ

DOPDVÕGÕU�

�� 6ÕYÕ ID] KLEULGL]DV\RQ \|QWHPOHUL : Nükleik
DVLG YH SUREODU VÕYÕ ID]GD KLEULGL]H HGLOLU� 6ÕYÕ ID]GD

KLEULGL]DV\RQ KÕ]Õ DUWPDNWDGÕU� .XOODQÕODQ SURE WHN

]LQFLUOL '1$ �VV'1$�¶GÕU� 6ROXV\RQGD ROXúDQ

KLEULGOHULQ PLNWDUÕ� VV'1$¶QÕQ 6� Q�NOHD] LOH

Tablo 1. 0LNURRUJDQL]PDODUÕQ WHVSLW HGLOPHVL YH

|]HOOLNOHULQLQ WDQÕPODQPDVÕQGD NXOODQÕODQ

hibridizasyon yöntemleri

øQ VLWX KLEULGL]DV\RQ
.DWÕ�ID] KLEULGL]DV\RQ
• Slot blot
• Dot blot
• Southern blot
• Northern blot
6ÕYÕ�ID] KLEULGL]DV\RQ
• Hibridizasyondan korunma (HPA)
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sindirilmesi ve arta kalan çift zincirli raportör prob
hibridlerin triklorasetik asitle presipitasyondan veya
direkt olarak çift zincirli hibridlerin hidroksiapatid
NRORQODUÕQD VSHVLILN RODUDN ED÷ODQPDVÕQGDQ VRQUD
EHOLUOHQLU� +LGURNVLDSDWLG NRORQODUÕQD VHOHNWLI RODUDN
oLIW ]LQFLUOL '1$ �GV'1$� ED÷ODQPDNWDGÕU� 6ÕYÕ ID]
KLEULGL]DV\RQ \|QWHPOHULQGH HQ VÕN NXOODQÕODQÕ�
hibridizasyondan korunma testidir (hibridization
protection assay veya HPA). HPA’da akridinium
HVWHU� '1$ SUREXQD ED÷ODQÕU YH EX SURE LOH KHGHI
DNA hibridize olur. Daha sonra alkali ile muamele
edilir. Peroksid eklendikten sonra akridinium esteri
WHVSLW HGLOHELOHQ ÕúÕN \D\DU� (÷HU DNULGLQLXP HVWHU�
etiketli DNA probu serbest formda ise hidrolize olur
YH ÕúÕN \D\PD\DQ ELU IRUPD G|Q�ú�U� +3$ DVVD\
ELUNDo VDDW LoLQGH YH ED÷ODQPDPÕú DúÕUÕ VV'1$¶QÕQ
X]DNODúWÕUÕOPDVÕQÕ YH\D SUREXQ ED÷ODQGÕ÷Õ GV'1$
komplekslerinin izolasyonunu gerektirmeden
uygulanabilir.

$YDQWDM YH GH]DYDQWDMODUÕ: Prob yöntemlerinin en
E�\�N DYDQWDMÕ N�OW�U YH\D WDQÕPODQPDVÕ ]RU RODQ
PLNURRUJDQL]PDODUÕQ JHQRPODUÕQÕ WHVSLW HGHELOPHVL
YH\D EX PLNURRUJDQL]PDODUÕ WDQÕPOD\DELOPHVLGLU�
'H]DYDQWDMÕ ise; bir defada tespit edilebilen
PLNURRUJDQL]PD VD\ÕVÕQÕQ D] ROPDVÕ� WHVW V�UHVLQLQ
X]XQ ROPDVÕ� QDGLU SDWRMHQOHULQ WDQÕPODQDELOPHVL YH
GX\DUOÕOÕN SDWHUQOHULQLQ oÕNDUÕODELOPHVL LoLQ ELUOLNWH
N�OW�U \DSÕOPDVÕQÕ JHUHNWLUPHVL� \DQOÕú QHJDWLI YH
SR]LWLI VRQXoODU DOÕQDELOPHVLGLU�

%X NRQXODUGD \HQL LOHUOHPHOHU VD÷ODQPÕú YH '1$

prob yöntemleri, kültürde üretilebilen birçok
PLNURRUJDQL]PDQÕQ WDQÕPODQPDVÕQGD VÕNOÕNOD

X\JXODQPD\D EDúODQPÕúWÕU� $QFDN� EX \|QWHP KDOHQ

direkt hasta örneklerinden elde edilen
PLNURRUJDQL]PDODUÕQ WHVSLWLQGH PLQ|U ELU UROH VDKLSWLU�

Acridinium etiketli problar� 0ROHN�OHU WDQÕ

\|QWHPOHULQGHNL JHOLúPHOHUGHQ ELUL NHPLOXPLQHVDQ

özellikteki akridinium ester ile etiketlenen tek zincirli
'1$ �VV'1$� NXOODQDQ SURE ED]OÕ ELU \|QWHPLQ

JHOLúWLULOPHVLGLU� %X \|QWHPGH NXOODQÕODQ VV'1$

PLNURRUJDQL]PDQÕQ KHGHI ULER]RPDO 51$

�U51$�¶VÕQÕQ NRPSOHPDQWHULGLU� $NULGLQLXP HWLNHWOL

prob, ya hastadan elde edilen ve lize edilen
materyallere direkt olarak ya da kültürde üretilen
mikroorganizma kolonileri üzerine eklenir. Bu
PDWHU\DOOHUGH KHGHI U51$ PHYFXWVD GD\DQÕNOÕ ELU

'1$�51$ KLEULGL ROXúXU� '1$�51$ KLEULGL

ROXúWXUDPD\DQ HWLNHWOL SUREODU� KLGUROL]OH\LFL ELU DMDQOD

kombine edilen magnetik polikatyonik
PLNURERQFXNODU NXOODQÕODUDN KLEULGL]H '1$¶GDQ

D\UÕOÕU� '1$�51$ KLEULGOHUL� EX DMDQGDQ HWNLOHQPH]

ve kemiluminesan özellikleri devam eder. Absorbe
RODQ KLEULGOHU LVH PDJQHWLN SDUWLN�OOHUH ED÷ODQGÕ÷Õ LoLQ

PDJQHWLN D\ÕUPD ELULPL WDUDIÕQGDQ D\UÕOÕU� (WLNHWOL

DNA-RNA hibridleri tespit edilir ve bir
NHPLOXPLQRPHWUH NXOODQÕODUDN NHPLOXPLQHVDQV

ölçülür.

8\JXODPDODUÕ: Akridinium etiketli prob yöntemleri
günümüzde bir çok laboratuvarlarda Mycobacterium
tuberculosis kompleksi (MAC) ve Mycobacterium
avium-intracellulare ���¶GHQ EDúND Histoplasma
capsulatum ile Cryptococcus neoformans (5,6) dahil
ED]Õ IXQJXVODUÕQ WDQÕPODQPDVÕQGD NXOODQÕOPDNWDGÕU�

øODYH RODUDN� Streptococcus pneumoniae, Neisseria
gonorrhoeae ve Neisseria meningitidis JLEL GDKD VÕN

UDVWODQDQ PLNURRUJDQL]PDODU GD KÕ]OÕ RODUDN

WDQÕPODQDELOGL÷L JLEL KDVWD |UQHNOHULQGH KHP

Chlamydia trachomatis hem de N. gonorrhoeae’nin
WHVSLWLQGH GH NXOODQÕOPDNWDGÕU ������ %X \|QWHP oRN

GX\DUOÕ YH oRN VSHVLILNWLU� .ODPLG\D SURE DVVD\¶LQLQ

GX\DUOÕOÕ÷Õ ����� YH VSHVLILNOL÷L ����� LNHQ JRQRNRN

SURE DVVD\¶LQLQ VRQXoODUÕ VÕUDVÕ\OD ����� YH ���

RODUDN VDSWDQPÕúWÕU� C. trachomatisWDQÕPODQPDVÕQGD

EX WHNQL÷LQ GX\DUOÕOÕ÷Õ ����� LOD ����� DUDVÕQGD ���

iken rutin kültür yöntemlerininki %80 ila %96.7
DUDVÕQGDGÕU �����

ùHNLO �� '1$ SURE KLEULGL]DV\RQXQXQ WHPHO EDVDPDNODUÕ�
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'L÷HU '1$ SUREODUÕ: Akridinium etiketli
SUREODUGDQ EDúND GL÷HU NHPLOXPLQHVDQ |]HOOLNWH

ELOHúLNOHU GH WDQÕPODQPÕúWÕU ����� 1RQ�L]RWRSLN WHVSLW

yöntemlerinde enzim etiketli antikorlar
NXOODQÕOPDNWDGÕU� (WLNHWOL DQWLNRUODU SURED HNOHQHQ

YH\D ED÷ODQDQ ELU ELOHúL÷H ED÷ODQPDNWDGÕU� 1RQ�

L]RWRSLN WHVSLW VLVWHPOHULQLQ JHOLúWLULOPHVL LOH '1$

SURE \|QWHPOHULQLQ X\JXODPD DODQODUÕ JHQLúOHPLú�

ELUoRN PLNURRUJDQL]PDQÕQ WHVSLW YH�YH\D

WDQÕPODQPDVÕQGD UXWLQ \|QWHPOHUH DOWHUQDWLI ELU

\|QWHP KDOLQH JHOPLúWLU�

Nükleik asit amplifikasyon (NAÇ) yöntemleri

A. Hedef amplifikasyon yöntemleri: Bu
yöntemler hedef molekülleri enzimatik olarak replike
ederek kolayca tespit edilebilir seviyelere getirirler.
Hedef amplifikasyon* yöntemlerinde, hedefe spesifik
VHNDQV ELOJLOHUL DPSOLILNDV\RQ �U�Q�QH WDúÕQPDNWDGÕU�

%X \|QWHPOHUOH SDWRMHQ WDQÕPODQDELOPHNWH YH

UHDNVL\RQ VRQXQGD KHGHI VHNDQVÕQGD DUWPD RUWD\D

oÕNPDNWDGÕU�

l. Polimeraz zincir reaksiyonu (PCR): Polimeraz
]LQFLU UHDNVL\RQX� '1$¶QÕQ KÕ]OÕ oR÷DOWÕOPDVÕ LoLQ

NXOODQÕODQ ELU WHVSLW \|QWHPLGLU� '1$ NRS\DODUÕQÕQ

ROXúWXUXOPDVÕQGD� N�o�N ELU '1$ SULPHU
&
¶Õ YH '1$

polimeraz# HQ]LPL NXOODQÕOÕU� 51$ GL]LOHUL� ELU

                                                          
*

$PSOLILNDV\RQ� VSHVLILN '1$ ED] GL]LOHULQLQ NRS\D VD\ÕODUÕQÕQ

DUWWÕUÕOPDVÕ LúOHPLGLU�
&

3ULPHU� 3URED EHQ]HU IDNDW HWLNHWOL GH÷LOGLU� 3ULPHU¶ODU�

amplifikasyon tekniklerinde DNA veya RNA baz dizilerinin
NRS\DODQPDVÕQÕ EDúODWPDN LoLQ NXOODQÕODQ VSHVLILN VHQWHWLN

oligonükleotidlerdir.
#

3ROLPHUD]� '1$ SROLPHUD]� 3&5 YH GL÷HU PROHN�OHU

PHWRGODUGD NXOODQÕODQ ÕVÕ\D GD\DQÕNOÕ ELU HQ]LPGLU� +Õ]OD '1$

NRS\DODUÕQÕQ ROXúPDVÕQÕ YH ]LQFLULQ X]DPDVÕQÕ VD÷ODU�

WUDQVNULSWD] HQ]LPL NXOODQÕODUDN F'1$¶\D oHYULOPHOHUL

KDOLQGH GROD\OÕ RODUDN DPSOLIL\H HGLOHELOLU� 3&5�

J�Q�P�]GH ELUoRN WÕEEL DUDúWÕUPDODUD PXD]]DP

NDWNÕODU VD÷ODPÕúWÕU� %XQODUGDQ ELUL ]RU �UH\HQ YH

N�OW�U� \DSÕODPD\DQ PLNURRUJDQL]PDODUÕQ WHVSLW

edilmesidir (12-15).

3&5� � EDVDPDNOÕ ELU LúOHPLQ WHNUDUODQPDVÕ

HVDVÕQD GD\DQÕU� �� |UQH÷LQ ÕVÕWÕOPDVÕ LOH oLIW ]LQFLUOL

'1$ �GV'1$�¶QÕQ WHN ]LQFLUOL '1$ �VV'1$� KDOLQH

JHWLULOPHVL �GHQDW�UDV\RQ�� �� |UQH÷LQ VR÷XWXOPDVÕ LOH

SULPHU¶ODUÕQ VV'1$¶\D ED÷ODQPDVÕ �DQQHDOLQJ� YH ��

SULPHU¶ODUÕQ HQ]LPDWLN RODUDN VV'1$¶QÕQ

NRPSOHPDQWHUL RODUDN ED÷ODQÕS X]DPDVÕ �HNVWDQVL\RQ�

�ùHNLO ��� 8]DPDGDQ VRQUD� RULMLQDO '1$ VHJPHQWL YH
\HQL ROXúDQ NRPSOHPDQWHU '1$ ]LQFLUL \HQL NDOÕSODU
RODUDN NXOODQÕOÕUODU� %X QHGHQOH� KHU 3&5 VLNOXVX
PHYFXW VSHVLILN '1$ PLNWDUÕQÕ LNL NDWÕQD oÕNDUÕU�
$PSOLIL\H RODQ �U�QOHULQ KÕ]OÕ WHVSLW HGLOHELOPHVL
QHGHQL\OH 3&5 GLDJQRVWLN DPDoOD GDKD VÕN
NXOODQÕOPD\D EDúODQPÕúWÕU�

<XNDUÕGD WDQÕPODQDQ WHNQL÷H LODYHWHQ WHUV
problama PCR (reverse-probing PCR), jel
elektroforezi ve Southern hibridizasyon yapmadan
�U�QOHULQ KÕ]OÕ WHVSLW HGLOHELOPHVLQL VD÷ODU ����� %X
\|QWHPGH SUREODUÕ \DNDOD\ÕS KLEULGL]H HWPHN LoLQ
HWLNHWOL SULPHU¶ODU NXOODQÕOÕU� %X QHGHQOH DPSOLIL\H
PCR ürünleri etiketlidir. Kalorimetrik oligonükleotid
OLJDV\RQ DVVD\ GHQHQ GL÷HU ELU \|QWHPGH LVH \LQH
HWLNHWOL SUREODU NXOODQÕOPDNWD DQFDN EX SUREODU
DPSOLIL\H �U�QH ED÷ODQGÕNWDQ VRQUD ELUOLNWH ED÷OÕ
NDOPDNWDGÕU� 'DKD VRQUD HWLNHWOL SUREODU YH DPSOLIL\H
�U�QOHU HOGH HGLOLU YH (/,6$ X\JXODQÕU �����

$YDQWDMODUÕ� 3&5¶ÕQ DYDQWDMÕ� W�P JHQRP \HULQH
sadece primer’a spesifik hedef baz çiftleri kullanarak
VSHVLILN '1$ ED] oLIWOHULQL oR÷DOWPDVÕGÕU� %X
yöntemle 25’ten daha az baz çifti 10.000 baz çiftine
NDGDU oR÷DOWÕODELOPHNWHGLU �7DEOR ��� %XQD LODYHWHQ
3&5 oRN KÕ]OÕ ELU \|QWHPGLU� %LU '1$ SDUoDVÕ� � VDDW
içinde 1 milyon kez kopyalanabilir.

3&5¶ÕQ VSHVLILNOL÷L ³KRW VWDUW´ DPSOLILNDV\RQ YH
³QHVWHG´ 3&5 GHQHQ ED]Õ \|QWHPOHUOH DUWWÕUÕOPÕúWÕU�
+RW VWDUW DPSOLILNDV\RQ� UHDNVL\RQ W�S ÕVÕVÕ
yükseldikten sonra polimeraz enzimi, magnezyum
veya primer’lar gibi esansiyel komponentlerden
KHUKDQJL ELULVLQLQ HNOHQPHVL\OH X\JXODQPDNWDGÕU� %X
QHGHQOH QRQVSHVLILN ED÷ODQPD LKWLPDOL D]DOPDNWDGÕU�
Nested PCR yönteminde ise orijinal primer’lara ikinci
bir primer seti daha eklenmektedir. Bu nedenle hedef

Tablo 2� øQ YLWUR 1$d \|QWHPOHUL

Yöntemler .XOODQÕODQ HQ]LP�OHU�

Hedef amplifikasyon
• PCR
• TAS
 
• 3SR
 
 
• SDA

Termostabil DNA polimeraz
Revers Transkriptaz
RNA Polimeraz
Revers Transkriptaz
RNAse H
RNA Polimeraz
DNA pol., rest.endonükleaz

Prob amplifikasyon
• LCR
• Qβ replikaz

Termostabil DNA Ligaz
Qβ replikaz

Sinyal amplifikasyon
• %LOHúLN SURE

• BDNA prob
Yok
Yok
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fragmana cevap veren amplifikasyon ürünlerinin
VXEVHWL WDQÕPOD\ÕFÕ NDEXO HGLOPHNWHGLU�

'H]DYDQWDMODUÕ� 3&5¶ÕQ \DQOÕú QHJDWLI YH \DQOÕú

SR]LWLI VRQXoODU YHUHELOPHVL GH]DYDQWDMODUÕQÕ WHúNLO

HGHU� <DQOÕú QHJDWLI VRQXoODU RUWDPGD EXOXQDELOHQ

LQKLELW|UOHUH YH\D \HWHUVL] VD\ÕGD SULPHU

NXOODQÕOPDVÕQD ED÷OÕGÕU�

3&5 X\JXODPDODUÕQGD VDNÕQÕOPDVÕ JHUHNHQ HQ

|QHPOL SUREOHP \DQOÕú SR]LWLIOLNOHUGLU� <DQOÕú SR]LWLI

VRQXoODU� |]HOOLNOH ELU |QFHNL GHQH\ VÕUDVÕQGD

DPSOLIL\H HGLOHQ YH RUWDPGD NDODQ '1$ NDOÕQWÕODUÕQÕQ

�EXQODUD DPSOLNRQ DGÕ YHULOLU� YH\D \DEDQFÕ '1$¶QÕQ

(kontaminasyon) amplifikasyonuna sekonder olarak
meydana gelir. Laboratuvar prosedürlerinin titizlikle
X\JXODQPDVÕ YH \HQL JHOLúWLULOHQ oHúLWOL \|QWHPOHULQ

uygulamaya girmesi sonucunda amplikonlar ve
\DEDQFÕ '1$ LOH NRQWDPLQDV\RQ SUREOHPL

D]DOWÕODELOPHNWHGLU� %X \|QWHPOHUGHQ ELUL� IRWRDNWLI

primidinler ile reaksiyon veren izopsoralen
GHULYHOHULQLQ NXOODQÕOPDVÕGÕU� %X LúOHP VRQXQGD ROXúDQ

oDSUD] ED÷ODQPDODU SROLPHUD] X]DPDVÕQÕ EORNH HGHU

����� 'L÷HU ELU \|QWHPGH LVH XUDVLO '1$ JOLNR]LOD]

HQ]LPL NXOODQÕOÕU� %X HQ]LP XUDVLO ED]ÕQÕQ VV'1$ YH\D

GV'1$ úHNHU IRVIDW LVNHOHWLQGHNL XUDVLO ED]ÕQÕ D\ÕUÕU

ve böylece DNA polimeraz ile replike olamaz.
7LPLGLQ \HULQH XUDVLO LOH ROXúDQ DPSOLNRQ YH\D

VHQWH]OHQHQ '1$ SULPHU¶Õ XUDVLO '1$ JOLNR]LODW

eklenerek sterilize edilebilir ve daha sonra normal
3&5 ÕVÕODUÕQGD LQDNWLYH HGLOLUOHU �����

8\JXODPDODUÕ: PCR, kontaminasyonu önleme
yöntemleriniQ JHOLúWLULOPHVL YH QRQ�L]RWRSLN WHVSLW

yöntemlerinin L\LOHúWLULOPHVL VRQXFX PLNUREL\RORML

ODERUDWXYDUODUÕQGD GDKD E�\�N URO R\QDPD\D

EDúODPÕúWÕU� =RU �UHWLOHQ ELUoRN PLNURRUJDQL]PDQÕQ

WHVELW YH WDQÕPODQPDVÕQGD NXOODQÕOÕU� DNA
DPSOLILNDV\RQ \|QWHPOHUL� EDúWD 3&5 ROPDN �]HUH�

özellikle virus yükünün kantitatif ölçülmesinde
�������� P51$¶ODUÕQÕQ J|VWHULOPHVLQGH �����

antiretroviral tedavide direncin genetik belirteçlerinin
LQFHOHQPHVLQGH �������� HSLGHPL\RORMLN DUDúWÕUPDODU

YH WLSOHQGLUPHOHUGH ������� YH \HQL YLUXVODUÕQ RUWD\D

oÕNDUÕOPDVÕQGD ������� X\JXODPD DODQÕQD JLUPLúOHUGLU�

PCR uygulanarak balgam ve beyin omurilik
VÕYÕVÕQGD M. tuberculosis¶LQ GX\DUOÕ YH VSHVLILN KÕ]OÕ

WDQÕVÕ \DSÕODELOPHNWHGLU� <DSÕODQ ELU oDOÕúPDGD

kültürde pozitif bulunan 51 balgamdan 50’sinde
3&5¶ÕQ GD SR]LWLI ROGX÷X EXQD NDUúÕOÕN N�OW�U QHJDWLI

�� EDOJDP |UQHNOHULQGHQ VDGHFH ELULQGH 3&5¶ÕQ

SR]LWLI ROGX÷X WHVSLW HGLOPLúWLU �����

*�Q�P�]GH YLURORML ODERUDWXYDUODUÕQGD GRNX

kültürü gibi identifikasyon yöntemlerinin yerine
HNRQRPLN ROPDVÕ QHGHQL\OH 3&5 ED]OÕ NLWOHU

NXOODQÕOPD\D EDúODQPÕúWÕU� 3&5 LOH +,9�� �KXPDQ

immunodeficiency virus type-1) (30-32), hepatitis C
virus (33), cytomegalovirus (34), papillomavirus (35),
YH NODPLG\D W�UOHULQLQ ���� WHVSLW YH WDQÕPODQPDVÕ

\DSÕODELOPHNWHGLU�

.�OW�U� \DSÕODPD\DQ SDWRMHQOHULQ WHVSLW HGLOPHVL

DPDFÕ\OD 3&5¶ÕQ NXOODQÕOPDVÕ: PCR ile birlikte 16S
ULER]RPDO 51$ ���6 U51$� ED]OÕ PROHN�OHU

\|QWHPOHULQ NXOODQÕOPDVÕ� N�OW�U� \DSÕODPD\DQ ED]Õ

PLNUREL\DO SDWRMHQOHULQ WDQÕPODQPDVÕQÕ VD÷ODPÕúWÕU�

Bu teknik ilk kez, basiller angiomatosis etiyolojik
HWNHQLQL WHVSLW HWPHN DPDFÕ\OD 5HOPDQ YH DUNDGDúODUÕ

WDUDIÕQGDQ WDQÕPODQPÕúWÕU ����� .ÕVDFD |]HWOHQHFHN

olursa, infekte dokudan DNA ekstrakte edilir ve
bakteriyel 16S rRNA genleri, “broad-range”
SULPHU¶ODU NXOODQÕODUDN DPSOLIL\H HGLOLU� 'DKD VRQUD

amplifiye edilen ürünlerin baz dizileri tespit edilir ve
��6 U51$¶QÕQ GH÷LúNHQ E|OJHOHULQLQ DQDOL]

HGLOPHVL\OH GL÷HU PLNURRUJDQL]PDODUOD LOLúNLOHUL WD\LQ

HGLOLU ����� %X \|QWHP LOH :KLSSOH KDVWDOÕ÷ÕQÕQ

HWL\RORMLN HWNHQL WDQÕPODQDELOPHNWHGLU �����

ùHNLO �� øON 3&5 VLNOXVX '1$ ED] oLIWOHULQLQ LNL NDWÕQD
XODúPDVÕQD QHGHQ ROXU� %XQODU VRQUDNL VLNOXV VÕUDVÕQGD
GDKD ID]OD '1$ NÕVÕPODUÕQÕQ VHQWH]OHQHELOPHVL LoLQ
NDOÕS RODUDN NXOODQÕOÕU�
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�� 7UDQVNULSVL\RQD GD\DOÕ DPSOLILNDV\RQ

yöntemleri (TAS/3SR)� 7$6� LON NH] ���� \ÕOÕQGD
.ZRK YH DUNDGDúODUÕ WDUDIÕQGDQ WDQÕPODQPÕú YH +,9��
51$¶VÕQGD YLI JHQOHULQL VDSWDPDN DPDFÕ\OD
NXOODQÕOPÕúWÕU ����� 7$6� UHYHUV WUDQVNULSWD] �57� YH

51$ SROLPHUD] HQ]LPOHUL NXOODQÕODUDN '1$ VHQWH]L

YH 51$ WUDQVNULSVL\RQXQ JHUoHNOHúWLULOPHVL HVDVÕQD

GD\DQDQ � EDVDPDNOÕ ELU WHVSLW \|QWHPLGLU� øON

basamakta; hedef nükleik aside komplementer olan bir
'1$ PROHN�O� �F'1$� VHQWH]OHQLU� øNLQFL EDVDPDNWD

LVH \HQL ROXúDQ F'1$ NDOÕS RODUDN NXOODQÕODUDN LQ

vitro transkripsiyon meydana gelir. Bu yöntemde,
hedef olarak denatüre edilen DNA veya RNA zinciri
YH ELU XFXQGD KHGHIH VSHVLILN VHNDQVODU YH GL÷HU

XFXQGD SROLPHUD] ED÷ODQPD \HUL EXOXQDQ SULPHUODU

NXOODQÕOÕU� %X SULPHUODUÕQ �
 XFXQGD 7�� 7� \D GD 63�

51$ IDMODUÕQÕQ SROLPHUD] HQ]LPOHULQLQ SURPRWHU

bölgelerini içeren diziler bulunur (41). Primer’lar
KHGHIH ED÷ODQGÕNWDQ VRQUD 57 HQ]LPL DUDFÕOÕ÷Õ LOH

KHGHI ED] GL]LVLQL X]DWPD\D EDúODU� +HGHI Q�NOHLN

DVLWH NRPSOHPHQWHU �WDPDPOD\ÕFÕ� ELU '1$ PROHN�O�

�F'1$� VHQWH]OHQLU� øNLQFL EDVDPDNWD� 51$�'1$

YH\D '1$�'1$ GXEOHNVOHUL ÕVÕ LOH GHQDW�UH HGLOHUHN

\HQL �UHWLOHQ F'1$¶ODU D\UÕOÕU YH NDOÕS RODUDN

NXOODQÕOÕU� <HQLGHQ 57 HQ]LPL HNOHQLU YH LNLQFL LSoL÷LQ

ROXúPDVÕ VD÷ODQÕU� %X LSoLNOHULQ ELUOHúPHVL LOH ELU

GV'1$ ROXúXU� 'DKD ID]OD GV'1$ �UHWHELOPHN LoLQ

daha çok RT eklenir. RNA polimeraz eklenmesi
PXOWLSO 51$ NRS\DODUÕQÕQ oÕNDUÕOPDVÕQÕ

VD÷ODPDNWDGÕU� dR÷DOWÕOPÕú 51$ GL]LOHUL oHúLWOL

hibridizasyon yöntemleri ile saptanabilir.

7$6 \|QWHPLQGH RUWD\D oÕNDQ 51$�'1$

GXSOHNVOHULQLQ D\UÕOPDVÕQGD ÕVÕ GHQDW�UDV\RQX

NXOODQÕOGÕ÷Õ LoLQ ÕVÕ\D GD\DQÕNVÕ] HQ]LPOHULQ KHU \HQL

G|QJ�GH WHNUDU HNOHQPHOHUL JHUHNLU ����� ���� \ÕOÕQGD�

Jean Compton  (42) ve Thomas R.Gingeras ve
DUNDGDúODUÕ ����� 51$�'1$ GXSOHNVOHULQL D\ÕUPDN

için Escherichia coli51$VH + HQ]LPLQLQ NXOODQÕOPDVÕ

LOH EX SUREOHPLQ RUWDGDQ NDONWÕ÷ÕQÕ ELOGLUPLúOHUGLU�

7$6¶Õ PRGLIL\H HGHQ -HDQ &RPSWRQ� JHOLúWLUGL÷L

teknolojiye NASBA (Nucleic Acid Sequence-Based
Amplification) (42), Thomas R.Gingeras ve
DUNDGDúODUÕ ������� LVH �65 �6HOI 6XVWDLQHG 6HTXHQFH

5HSOLFDWLRQ� DGÕQÕ YHUGLOHU� 1$6%$ YH �65

\|QWHPOHUL� ELUoRN DoÕGDQ UHWURYLUDO 51$

replikasyonuna benzemektedir (45). 3SR, TAS’tan
IDUNOÕ RODUDN� VLNOXV KDOLQGH X\JXODQPD]� oRN KÕ]OÕGÕU

DQFDN 3&5 YH /&5¶GDQ GDKD D] GX\DUOÕGÕU� 5HDNVL\RQ

L]RWHUPDO NRúXOODUGD JHUoHNOHúLU YH KHGHI 51$�

Escherichia coli51DVH +¶Õ LOH SDUoDODQÕU� 5HDNVL\RQ

EDúÕQGD GHQDW�UDV\RQ HWDEÕ X\JXODQÕUVD '1$ GD

DPSOLIL\H HGLOHELOLU� 7$6 UHDNVL\RQXQGD ROXúDQ 51$�

'1$ GXSOHNVOHUL 51DVH + LOH SDUoDODQÕU YH KHU LNL

XFXQGD ELU SROLPHUD] ED÷ODQPD \HUL RODQ GV'1$ HOGH

edilir. dsDNA, reaksiyona tekrar giren RNA sentezi
LoLQ ELU NDOÕS RODUDN NXOODQÕODUDN UHDNVL\RQX GHYDP

HWWLULU �ùHNLO ���

$YDQWDM YH GH]DYDQWDMODUÕ� �65¶QLQ HVDV DYDQWDMÕ

KÕ]OÕ ROPDVÕ �3&5¶GDQ oRN GDKD KÕ]OÕGÕU� YH GLUHNW

RODUDN 51$¶\Õ DPSOLIL\H HWPHVLGLU� %XQD LODYH RODUDN

WHUPDO G|QJ� D\JÕWÕ �WKHUPRF\FOHU� JHUHNOL GH÷LOGLU�

+HGHI 51$¶QÕQ '1$¶GDQ W�P�\OH DUÕQGÕUÕOPDVÕ

JHUHNPH] ���� 2Q EHú GDNLND LoLQGH VLNOXV

gerektirmeden 105 NRS\D PH\GDQD JHOPHNWH YH \DUÕP

saatte hedef nükleik asit 108
NH] oR÷DOWÕODELOPHNWHGLU

����� 7�P DPSOLILNDV\RQ \|QWHPOHULQGH ROGX÷X JLEL�

3SR de kontaminasyondan etkilenir. Prosedürün
VSHVLILNOL÷L G�ú�NW�U� d�QN� UHDNWDQODU GL÷HU

DPSOLILNDV\RQ \|QWHPOHULQGHQ GDKD D]GÕU� %XQXQ

QHGHQL HQ]LPOHULQ ÕVÕ\D GD\DQÕNVÕ] ROPDVÕGÕU�

7HUPRVWDEO 51$ SROLPHUD] YH 57 NXODQÕODELOLUVH �65

yöntemi seçkin diagnostik hedef amplifikasyon
yöntemi olarak PCR’dan daha üstün hale geçecektir.

8\JXODPDODUÕ: Günümüzde 3SR amplifikasyon
\|QWHPL +,9 WHVSLWL LoLQ RGDNODQPÕúWÕU ��������

Periferik kan monositlerinde HIV tespiti yönünden

ùHNLO �� �65 DPSOLILNDV\RQXQXQ LON VLNOXVX� $ YH % SULPHU¶ODUÕ

KHGHIH VSHVLILN ED] GL]LOHULQH YH UHYHUV WUDQVNULSWD]ÕQ

HWNLVL LoLQ 7� 51$ SROLPHUD]Õ NRGOD\DQ E|O�POHUH

sahiptir. Revers transkriptaz ve RNA polimeraz, DNA
YH\D KHGHI 51$¶\Õ DPSOLIL\H HWPHN LoLQ ELUOLNWH oDOÕúÕU�
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�65 YH 3&5¶ÕQ VHQVLWLYLWHVL ELUELULQH \DNÕQGÕU
�VÕUDVÕ\OD ��� YH ���� ����� +,9 51$¶\Õ WHVSLW
edebilmek için 3SR, nadir bir element ile amplifiye
olan hedefin polistiren boncuk capture uygulanan
tespit yöntemi ile, kelat etiketli oligonükleotid
problarla ve zamanla azalan floresan tespit yöntemleri
LOH NRPELQH HGLOPLúWLU ����� %X WHNQLN SOD]PDGD +,9�
� 51$ WHVSLWL LoLQ SOD]PD N�OW�U�QGHQ oRN GDKD KÕ]OÕ
ve onun kadar sensitiftir. Sensitivitesinin, 12 HIV-1
51$ NRS\DVÕQGDQ GDKD D] ROGX÷X WHVSLW HGLOPLúWLU�
dRFXNODUGD� �65 NXOODQÕODUDN SOD]PDGDNL YLUDO
51$¶QÕQ WHVSLW HGLOPHVL oRN NROD\ODúDFDNWÕU� d�QN�
infantlardan toplanan çok küçük hacimdeki örneklerle
oDOÕúÕODELOPHNWHGLU� $\UÕFD� 51$ |Oo�POHUL� YLUDO
DNWLYLWH YH UHSOLNDV\RQX oRN GDKD GR÷UX ELU úHNLOGH
\DQVÕWPDNWDGÕU �����

�� øSOLNoLN X]DNODúWÕUDUDN DPSOLILNDV\RQ

(Strand Displacement Amplification, SDA): Bu
\|QWHP LON NH] ���� \ÕOÕQGD ³%HFWRQ 'LFNLQVRQ´
ILUPDVÕ WDUDIÕQGDQ JHOLúWLULOPLúWLU �������� 6'$�
KHGHILQ HNVSRQDQVL\HO RODUDN oR÷DOWÕOPDVÕ LoLQ VSHVLILN
primer’lar, bir DNA polimeraz ve restriksiyon
endonükleazlar kullanan izotermal DNA
DPSOLILNDV\RQ \|QWHPLGLU� øNL VDDWOLN ELU V�UHGH KHGHIL
107 NDWÕQD oR÷DOWWÕ÷Õ ELOGLULOPLúWLU ����� 6'$
yönteminin temeli, restriksiyon endonükleaz HincII ile
VSHVLILN \HUOHULQ NHVLOPHVLQH GD\DQÕU� 3ULPHU¶ODUÕQ �

XoODUÕQGD \DNODúÕN �� Q�NOHRWLGOLN KHUKDQJL ELU '1$
dizisi ve bunu izleyen uygun bir restriksiyon enzim
E|OJHVL \HU DOÕUNHQ �
 XFXQD \DNÕQ E|OJHGH KHGHI
DNA’ya komplementer nükleotid dizisi bulunur.
5HVWULNVL\RQ HQ]LPOHULQLQ oR÷X oLIW LSOLNoLNOL '1$
PROHN�O� �]HULQGH NHQGLOHULQH |]J� GL]LOHUL WDQÕU YH
EX E|OJHOHUGHQ '1$
\Õ NHVHUOHU� .HVLOHQ '1$ LSoL÷L�
ekzonükleaz negatif DNA polimeraz (Klenow
IUDJPDQÕ� WUDIÕQGDQ NXOODQÕODUDN X]DNODúWÕUÕOÕU YH
SULPHU LoLQ WHN LSoLNOL KHGHI '1$ ROXúXU� $\QÕ
]DPDQGD� JHULGH NDODQ NDOÕS LSOLNoLN HN]RQ�NOHD]
QHJDWLI .OHQRZ IUDJPDQÕ WDUDIÕQGDQ NXOODQÕODUDN \HQL
'1$ LSoL÷L ROXúXU� 1RUPDO RODUDN� UHVWULNVL\RQ
enzimlerinin parçalanma ürünleri çift ipçikli DNA
�UHWLU� %XQODU 6'$ LoLQ X\JXQ NDOÕSODU GH÷LOGLU� '1$
SROLPHUD]ÕQ LSOLNoLN X]DNODúWÕUPD YH '1$ VHQWH]L
\DSDELOPHVL LoLQ UHDNVL\RQ RUWDPÕQD G173 OHU \DQÕVÕUD
alfa-thio (alfaS) dNTP de konur. Tipik bir SDA
reaksiyonunda dCTF, dGTP, dTTP ve dATP (alfaS)
NXOODQÕOÕU� %|\OHFH SROLPHUD] HQ]LPL NHVL÷L RQDUÕUNHQ
³DGHQLQ´ \HULQH DOID�WKLR DGHQLQ NXOODQÕU YH NRPúX
Q�NOHRWLG LOH SKRVSKRURWKLRDWH ED÷ODUÕ ROXúPXú ROXU�
Alfa-thio nükleotidler endonükleazlar ile
NHVLOHPHGLNOHULQGHQ� \DOQÕ]FD WHN ELU LSOLNoL÷LQ

NHVLOPHVL VD÷ODQPÕú ROXU� $\UÕFD� 6'$ WHNQL÷LQGH
NXOODQÕODQ UHVWULNVL\RQ HQ]LPOHULQLQ
KHPLSKRVSKRURWKLRDWH¶OÕ E|OJHOHUGH '1$ LSoLNOHULQL
NHVPH |]HOOLNOHUL YDUGÕU� %X |]HOOLNWHNL UHVWULNVL\RQ
HQ]LPOHUL DUDVÕQGD +LQF ,,� +LQG ,,� $YD 1FL , YH )QX
�+, \HU DOPDNWDGÕU ����� %XQODUGDQ HQ VÕN NXOODQÕODQÕ
Hinc II enzimidir.

.HVL \HULQGH KHPLIRVIRURWLRDWH¶OÕ LSoLN
HN]RQ�NOHD] QHJDWLI .OHQRZ IUDJPDQÕ WDUDIÕQGDQ NDOÕS
RODUDN NXOODQÕODUDN '1$ VHQWH]OHQLU �ùHNLO ���
6'$¶QÕQ VRQ YHUVL\RQXQGD UHDNVL\RQ LNL DGÕPGD
JHUoHNOHúWLULOPLúWLU ����� %LULQFL UHDNVL\RQGD RULMLQDO
KHGHI VHNDQVÕQÕQ KHU LNL XFXQGD EXOXQDQ NHVLOHELOHQ
HincII yeri ile hemifosforotioate formuna çevrilir.
øNLQFL EDVDPDNWD WUDQVIRUPH KHGHI VHNDQVÕQGD
eksponansiyel amplifikasyon meydana gelir.

Tekrarlanan, kesme/polimerizasyon-iplikçik
X]DNODúWÕUPD EDVDPDNODUÕ VRQXQGD� KHGHI '1$¶QÕQ
oR÷DOWÕOPDVÕ VD÷ODQPÕú ROXU� %X \|QWHPOH � VDDW LoLQGH
KHGHI '1$ ELU PLO\RQ NH] oR÷DOWÕODELOPHNWHGLU �����
g]HWOH� WLSLN ELU 6'$ WHSNLPHVL úX EDVDPDNODUGDQ
ROXúPDNWDGÕU� �� SULPHU¶ODUÕQ KHGHI '1$
\D
ED÷ODQPDVÕ �� SROLPHUL]DV\RQ ��
hemiphosphorothioate Hinc II bölgesinden kesik
ROXúXPX �� +LQF ,,
QLQ NHVLN E|OJHVLQGHQ D\UÕOPDVÕ ��
kesik bölgesinin ekzonükleaz negatif Klenow enzimi
WDUDIÕQGDQ WDPLUL YH DUNDGDNL LSOLNoL÷LQ
X]DNODúWÕUÕOPDVÕ�

$YDQWDM YH GH]DYDQWDMODUÕ: SDA reaksiyonu
NRPSOHNV ROPDVÕQD UD÷PHQ KHU UHDNVL\RQ EDVDPD÷Õ

D\QÕ ]DPDQGD PD\GDQD JHOLU YH UHDNVL\RQX EDúODWPDN

LoLQ LODYH ELU LúOHP JHUHNPH]� %DúODQJÕoWD ���&¶GH

GHQDW�UDV\RQ \DSPD GÕúÕQGD 6'$ UHDNVL\RQODUÕ

L]RWHUPDO NRúXOODUGD JHUoHNOHúLU� ���&¶OLN ÕVÕ NRQWURO

FLKD]Õ GÕúÕQGD |]HO ODERUDWXYDU GRQDQÕPÕ JHUHNPH]�

$\UÕFD� 6'$ WHN \D GD oLIW LSoLNOL '1$ LOH \DSÕODELOLU�

6'$ LOH� \HWHULQFH DPSOLIL\H HGLOHQ KHGHI '1$¶QÕQ

PLNWDUÕ NÕVÕWODQDELOLU� +HGHI X]XQOX÷XQGDNL KHU ��

Q�NOHRWLG DUWÕúÕ DPSOLILNDV\RQ VHYL\HVLQL \DNODúÕN ��

NDW D]DOWÕU� <|QWHPL JHOLúWLUHQOHU EX ROD\ÕQ WHN LSoLNOL

NDOÕSODUD �EXUDGD D\UÕOPD JHUHNPH]� J|UH oLIW LSoLNOL

NDOÕSODU �EXUDGD ELU LSoL÷LQ X]DNODúWÕUÕOPDVÕ JHUHNLU�

LoLQ '1$ SROLPHUD]ÕQ GDKD D] HWNLQ ROPDVÕ LOH LOJLOL

ROGX÷XQX EHOLUWPHNWHGLUOHU� %X ROD\ 6'$¶QÕQ

IRQNVL\RQHOOL÷LQL FLGGL RODUDN HWNLOHPH]NHQ

DPSOLILNDV\RQGDQ VRQUD GHNRQWDPLQDV\RQ LúOHPOHULQL

etkilemektedir. Tüm enzimle katalizlenen nükleik asid
DPSOLILNDV\RQ LúOHPOHULQGH ROGX÷X JLEL� 6'$

UHDNVL\RQXQGD GD� NXOODQÕODQ |UQHNOHULQ GDKD |QFHGHQ

DPSOLIL\H HGLOHQ '1$ LOH NRQWDPLQH ROPDVÕ FLGGL ELU
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SUREOHPGLU� 3&5 LOH NDUúÕODúWÕUÕOÕQFD 6'$¶GD
GHNRQWDPLQDV\RQ GDKD ]RU RODELOLU� d�QN� GDKD NÕVD
KHGHI VHNDQVODUÕQÕQ ������� ES� LQDNWLYH HGLOPHVL
daha zordur.

6'$ \|QWHPL� NRPSOHNV UHDNVL\RQODUGDQ ROXúXU�
<|QWHPLQ HWNLQ NXOODQÕODELOPHVL LoLQ KHGHI '1$¶GD
NXOODQÕODQ UHVWULNVL\RQ HQ]LP E|OJHVLQL LoHUPHPHVL�
oR÷DOWÕODFDN E|OJHQLQ ����� ED] oLIWLQGHQ X]XQ
ROPDPDVÕ JHUHNLU ���� 5HDNVL\RQODU JHQHOOLNOH ���
���& DUDVÕQGD \�U�W�OG�÷�QGHQ� EX ÕVÕODUGD QRQ�
VSHVLILN DPSOLILNDV\RQODU RODVÕGÕU� %X GH]DYDQWDMÕ
RUWDGDQ NDOGÕUPDN LoLQ JHQHOOLNOH UHDNVL\RQODUD
DMSO ya da gliserol gibi organik çözücüler
NDWÕOPDNWDGÕU�

Son zamanlarda, SDA yöntemi, klinik örneklerde
ve alkali ile muamele edilen balgam örneklerinde M.
tuberculosis '1$¶VÕQÕ DPSOLIL\H HWPHNWH
NXOODQÕOPDNWDGÕU ����� 6'$ \|QWHPL LOH M.
tuberculosis¶LQ �� IDUNOÕ L]RODWÕQÕQ KHGHI VHNDQVÕ
kolayca tespit edilmekte ve balgam örneklerinden elde
edilen hedef DNA için mükemmel sensitiflik
J|VWHUPHNWHGLU� *HOHFHN \ÕOODUGD 6'$¶QÕQ
PLNUREL\RORMLN X\JXODPDODUÕQÕQ DUWPDVÕ
beklenmektedir.

B. Prob amplifikasyon yöntemleri: Prob
amplifikasyon yöntemlerinde, hedef nükleik asit
GL]LOHUL \HULQH EX GL]LOHUL VDSWDPDN LoLQ NXOODQÕODQ
ROLJRQ�NOHRWLG SUREODU oR÷DOWÕOPDNWDGÕU� %X QHGHQOH�
KHGHI Q�NOHRWLG GL]LOLPL KDNNÕQGD ELOJL YHUPH]�

$QFDN� SDWRMHQOHU LoLQ |]J�Q GL]LOHULQ YDUOÕ÷ÕQÕ
VDSWD\DUDN WDQÕ NRQXOPDVÕQÕ VD÷ODU�

1. Ligaz zincir reaksiyonu (LCR): Ligaz veya
'1$ OLJD]� ELUOHúPH VRQODUÕQGD '1$¶QÕQ � SDUoDVÕQÕ
ELUOHúWLUPHGH NXOODQÕODQ ÕVÕ\D GD\DQÕNOÕ ELU HQ]LPGLU�

/LJD] ]LQFLU UHDNVL\RQX� LON NH] ���� \ÕOÕQGD
/DQGHJUHQ YH DUNDGDúODUÕ ���� WDUDIÕQGDQ WDQÕPODQDQ
PCR gibi hedef baz dizilerinin tespit ve amplifiye
HGLOPHVLQL VD÷OD\DQ ELU \|QWHPGLU� %X LúOHP
sonucunda reaksiyon ürünleri eksponansiyel olarak
ELULNLU ����� %X \|QWHPGH� � N�o�N '1$ SULPHU¶Õ YH
EX LNL ROLJRQ�NOHRWLGL ELUELULQLQ XFXQD ED÷OD\DQ
WHUPRVWDELO OLJD] HQ]LPL NXOODQÕOÕU� 'HQDW�UDV\RQ�
DQQHDOLQJ YH OLJDV\RQ �ED÷ODPD� VLNOXVODUÕQGDQ VRQUD
'1$ NRS\DVÕ ROXúXU� ,VÕ LOH GHQDW�UH HGLOLS NDOÕS
'1$¶GDQ ROLJRQ�NOHRWLGOHULQ D\UÕOPDVÕ VD÷ODQÕU� 'DKD
VRQUDNL VLNOXVWD ELUELULQH ED÷ODQDQ ROLJRQ�NOHRWLG
oLIWOHUL YH RULMLQDO ED] GL]LOHUL NDOÕS RODUDN NXOODQÕOÕU
�ùHNLO ��� /&5 \|QWHPLQGH NXOODQÕODQ LON SULPHU¶ODU
NDOÕS RODUDN NXOODQÕOGÕ÷Õ LoLQ LNLQFL SULPHU¶ODU ELULQFL
SULPHU¶ODUD WDPDPHQ NRPSOHPDQWHUGLU� øON SULPHU¶ODU
amplifiye edilemezse ikinci primer’lar da amplifiye
edilememektedir. Bu nedenle, LCR yöntemi özellikle
KHGHI Q�NOHLN DVLWOHUGHNL QRNWD PXWDV\RQODUÕQ
VDSWDQPDVÕ LoLQ \DUDUOÕGÕU�

3&5 YH /&5 LOH LOJLOL \HWHUOL NOLQLN oDOÕúPD
ROPDPDVÕQD UD÷PHQ EX LNL WHNQLN NDUúÕODúWÕUÕOÕQFD�
GLDJQRVWLN oDOÕúPDODUGD /&5� 3&5¶GDQ GDKD \DUDUOÕ
RODELOLU� 3&5 LOH ROXúWXUXODQ \HQL '1$ YH\D 51$

ùHNLO �. SDA. Reaksiyonun ilk

\DUÕVÕQGD �$� RULMLQDO KHGHI ED] GL]LVL�

her iki uçta bulunan kesilebilir HincII

yeri ile hemifosforothioat formuna

G|Q�ú�U� %XQODU UHDNVL\RQXQ LNLQFL

NÕVPÕQD NDWÕOÕU YH WUDQVIRUPH KHGHI

VHNDQVÕQÕQ HNVSRQDQVL\HO RODUDN

DPSOLIL\H ROPDVÕQÕ VD÷ODUODU�

5HDNVL\RQXQ LON �$� NÕVPÕQGD |UQHN

'1$� KHGHI VHNDQVÕQÕ WDQÕ\DQ �

spesifik primer ile birlikte 95°C’de

denatüre edilir. 5’ ucunda modifiye

ROPDPÕú +LQF,, WDQÕPD \HUL YH �¶

XFXQGD VSHVLILN KHGHIL ED÷ODPD \HUL

RODQ LNL SULPHU �6� YH 6�� NXOODQÕOÕU�

6� YH 6� '1$ LSOLNoLNOHULQH ]ÕW

\|QOHUGH ED÷ODQÕU� 'L÷HU LNL SULPHU �%�

YH %�� VDGHFH KHGHIH ED÷ODQDQ

SULPHUODUGÕU� 5HVWULNVL\RQ HQGRQ�N�

OHD]Õ WDQÕ\DQ VHNDQVODUÕ \RNWXU�
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PROHN�OOHULQLQ '1$¶\D VSHVLILN ROXS ROPDGÕ÷ÕQÕ
WHVSLW HWPHN LoLQ GR÷UXODPD YH WDQÕPODPD \DSÕOPDVÕQÕ
JHUHNWLULU� %XQXQ DNVLQH� /&5 VDGHFH WHVSLW DPDFÕ\OD
ELOLQHQ ED] GL]LOHUL NXOODQÕODUDN X\JXODQÕU� 3UREODU
ELUELULQH ED÷ODQPD VÕUDVÕQGD ELWLúLN \HUOHUH KLEULGL]H
olur (53).

$YDQWDM YH GH]DYDQWDMODUÕ� /&5¶ÕQ HQ |QHPOL

DYDQWDMODUÕ \�NVHN GHUHFHGH VSHVLILN ROPDVÕ YH 3&5

JLEL GL÷HU KHGHI DPSOLILNDV\RQ \|QWHPOHUL �7DEOR ��

LOH ELUOLNWH NXOODQÕODELOPHVLGLU� $\UÕFD� /&5¶ÕQ

GLDJQRVWLN ODERUDWXYDUODUGD NXOODQÕOPDVÕQÕ oHNLFL

\DSDQ RWRPDWLN WHVSLW VLVWHPOHUL YDUGÕU ����� /&5¶ÕQ

GH]DYDQWDMODUÕ LVH� KHU EDVDPDNWD '1$ OLJD] HNOHPH

]RUXQOXOX÷X� HQ]LPLQ \�NVHN ÕVÕODUGD HWNLQOL÷LQL

kaybetmesi, nonspesifik amplifikasyon ürünlerinin
ROXúDELOPHVL YH J�Q�P�]GH KHQ�] NRQWDPLQDV\RQ

NRQWURO VLVWHPOHULQLQ ROPDPDVÕGÕU� 7HUPRVWDELO '1$

OLJD] NXOODQÕODUDN� KLEULGL]DV\RQ \�NVHN ÕVÕODUGD

\DSÕODELOPHNWHGLU ����

/&5¶ÕQ ELU YDU\DV\RQX� D\UÕN /&5 �JDSSHG /&5�

JDS�/&5� RODUDN DGODQGÕUÕOÕU� %X PHWRWWD KHP

SROLPHUD] KHP GH OLJD] HQ]LPL NXOODQÕOGÕ÷Õ LoLQ JDS�

/&5¶ÕQ VSHVLILNOL÷L � QHGHQOH GDKD GD DUWPÕúWÕU�

Birinci olarak; LCR oligonükleotidleri ancak uygun
hedef baz dizisi ile hibridize olur, ikinci olarak; DNA
SROLPHUD] VDGHFH X\JXQ oLIWOHúPLú �¶ XoODUÕQÕQ

X]DPDVÕQÕ VD÷ODU� �o�QF� RODUDN� JHUHNOL Q�NOHRWLG

WULIRVIDWODU VD÷ODQÕUVD '1$ SROLPHUD]� ELUOHúHQ

ROLJRQ�NOHRWLGOHU DUDVÕQGDNL ERúOX÷X �JDS� WDPDPHQ

GROGXUPDNWDGÕU� YH G|UG�QF� RODUDN� '1$ OLJD]�

VDGHFH X\JXQ úHNLOGH oLIWOHúHQ YH \DQ\DQD JHOHQ �¶ YH

�¶ XoODUÕQÕ ELUELULQH ED÷ODPDNWDGÕU� %X QHGHQOH� /&5�

N. gonorrhoeae ve N. meningitidis¶GH ROGX÷X JLEL

ELUELULQH \DNÕQ ED] GL]LOLPL J|VWHUHQ

PLNURRUJDQL]PDODUÕQ D\ÕUW HGLOPHVLQGH GDKD WDWPLQ

HGLFL VRQXoODU YHUPHNWHGLU ����� 6RQ \ÕOODUGD� D\UÕN

/&5 GÕúÕQGD� /'5 �/LJDVH 'HWHFWLRQ 5HDFWLRQ��

S/&5 YH 535 �5HSDLU &KDLQ 5HDFWLRQ� DGÕ YHULOHQ

/&5 \|QWHPLQH EHQ]HU IDUNOÕ WHNQLNOHU� JHOLúWLULOPLúWLU

(55).

8\JXODPDODUÕ: LCR, klinik örneklerde N.
gonorrhoeae (56) ve C. trachomatis’in (57) tespit
HGLOPHVLQGH NXOODQÕOPDNWDGÕU� .�OW�UOH NDUúÕODúWÕUPDOÕ

\DSÕODQ ELU oDOÕúPDGD ��� �URJHQLWDO |UQHNWHNL N.
gonorrhoeae¶QLQ WDQÕPODQPDVÕ DPDFÕ\OD � SURE oLIWL

LQFHOHQPLú YH \�NVHN GHUHFHGH VHQVLWLI ������ YH

VSHVLILN ������� ROGX÷X WHVSLW HGLOPLúWLU� 'L÷HU

NeisseriaeW�UOHUL YH\D �URJHQLWDO |UQHNOHUGH VÕNOÕNOD

UDVWODQDQ GL÷HU PLNURRUJDQL]PDODU LOH NURV UHDNWLYLWH

J|U�OPHPLúWLU �����

C. trachomatis’in tespit edilmesi yönünden PCR
YH /&5 NDUúÕODúWÕUÕOPÕú YH KHU LNL \|QWHPLQGH �

HOHPDQWHU FLVLPFL÷L WHVSLW LoLQ \HWHUOL VHQVLWLIOLNWH

ùHNLO �� /&5¶GDNL LON VLNOXV� %D÷OÕ SUREODU GDKD VRQUDNL

DPSOLILNDV\RQODUGD NDOÕS RODUDN NXOODQÕOÕU� %X QHGHQOH

orijinal hedef DNA amplifiye olur.

6� YH 6� SULPHUODUÕQD EDúDúD÷Õ ]ÕW '1$ LSoLNOHULQH ED÷ODQÕUODU� %� YH %� SULPHUODUÕQÕQ ELUOLNWH ED÷ODQPDVÕ LOH UHDNVL\RQXQ VRQXQX EHOLUOH\HQ

ELU �U�Q RUWD\D oÕNDU YH 6'$¶\D J|UH |UQHN '1$¶QÕQ UHVWULNVL\RQ HQ]LP NOHYDMÕ LoLQ LKWL\DFÕ RUWDGDQ NDOGÕUÕU� 3ULPHUODUÕQ HNOHQPHVLQGHQ VRQUD

UHDNVL\RQ NDUÕúÕPÕ ���&¶\H VR÷XWXOXU YH HN]RQ�NOHD] QHJDWLI .OHQRZ IUDJPDQÕ YH +LQF,, LOH ELUOLNWH G*73� G&73� 773� YH G$73α’lar

�G173¶ODU� HNOHQLU� (N]RQ�NOHD] QHJDWLI .OHQRZ IUDJPDQÕQÕQ '1$ SROLPHUD] DNWLYLWHVL LOH � SULPHU D\QÕ ]DPDQGD X]DPD\D EDúODU �$�� 6� YH

6� SULPHUODUÕ� �¶ XFXQGD PRGLIL\H ROPDPÕú +LQF,, \HUL RODQ PRGLIL\H '1$¶QÕQ NRPSOHPDQWHU LSoLNOHUL ROXúXU� %� YH %� D\QÕ LSoLNOHUL

NXOODQÕPD KD]ÕUODU� 6� YH 6� WDUDIÕQGDQ NXOODQÕODUDN \HQL VHQWH]OHQHQ LSoLNOHUL X]DNODúWÕUÕUODU� 6� YH 6�¶QLQ ED÷ODQPD \HUOHULQLQ X]DPDVÕQÕ

EDúODWDQ WDQÕPOÕ XoODU LOH \HQL '1$ LSoLNOHUL �UHWLOLU� %DúODQJÕoWD 6� LOH NXOODQÕOÕS X]DNODúWÕUÕODQ LSoLNOHUH 6� YH %� ED÷ODQÕUNHQ 6� YH %�

EDúODQJÕoWD 6� LOH NXOODQÕOÕS X]DNODúWÕUÕODQ LSoLNOHUH ED÷ODQÕU �$�� %X NDOÕSWD RUWD\D oÕNDQ X]DPD YH X]DNODúWÕUPD UHDNVL\RQODUÕ VRQXQGD� KHU

XoWD KHPLIRVIRURWKLRQDWH +LQF,, \HUL LOH WDQÕPODQDQ LNL IUDJPDQ ROXúXU� ùLPGL� KHPLIRVIRURWKLRQDWH +LQF,, XoODUÕ EXOXQDQ RULMLQDO KHGHI

'1$¶QÕQ NRS\DODUÕ ROXúXU �$� DOW NÕVÕP�� %X NRS\DODU� 6'$ UHDNVL\RQXQXQ LNLQFL NÕVPÕQD JLUHU �%�� 6� YH 6�¶GH ED÷ODQPD YH X]DPD

DGÕPODUÕQGDQ VRQUD oLIW LSoLNOL� EHOLUOL X]XQOXNWD� KHU XFXQGD +LQF,, \HUL RODQ YH NHVLOPH\H \DWNÕQ �6� YH 6�¶QLQ XoODUÕQGD PRGLIL\H ROPDPÕú

+LQF,, \HUOHUL YDUGÕU� LSoLNOHU ROXúXU� 7HNUDUODQDQ NHVLOPH� '1$ SROLPHUL]DV\RQX YH ]LQFLU X]DNODúWÕUÕOPDVÕ VLNOXVODUÕQGDQ YH 6� YH 6� LOH

X]DNODúWÕUÕODQ WHN LSoLNOHULQ ED÷ODQPDVÕQGDQ VRQUD KHGHI '1$¶GD HNVSRQDQVL\HO DPSOLILNDV\RQ PH\GDQD JHOLU�
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ROGX÷X ELOGLULOPLúWLU� +HP PDMRU GÕú PHPEUDQ

proteinleri hem de plazmidlerden derive edilen
ROLJRQ�NOHRWLGOHULQ NXOODQÕOGÕ÷Õ ELU oDOÕúPDGD �� C.

trachomatisVHURYDU¶Õ DPSOLIL\H YH WHVSLW HGLOPLú LNHQ

�� NRQWDPLQDQW PLNURRUJDQL]PD DPSOLIL\H ROPDPÕúWÕU�

3&5¶ÕQ DNVLQH� GDKD ID]OD VSHVLILNOLN HOGH HWPHN LoLQ

/&5¶ÕQ LODYH SURED JHUHNVLQLPL \RNWXU �����

LCR, M. tuberculosis kompleksine spesifik bir
LQVHUVL\RQ VHNDQVÕQGDQ HOGH HGLOHQ IORUHVDQOD

HWLNHWOHQPLú ROLJRQ�NOHRWLWOHU NXOODQÕODUDN \DSÕOÕUVD EX

PLNURRUJDQL]PD LOH LOJLVL ROPD\DQ '1$ NDUÕúÕPÕQGD

M. tuberculosis kompleksi tespit edilebilmektedir
(58).

2. Qβ replikaz amplifikayon yöntemi: Qβ
UHSOLND]� LON NH] ���� \ÕOÕQGD 3ULFNDUG YH DUNDGDúODUÕ

WDUDIÕQGDQ WDQÕPODQDQ ELU SURE DPSOLILNDV\RQ

yöntemidir (59,60). Bu yöntem, Qβ replikaz enzimi
WDUDIÕQGDQ KHGHI KLEULGL]DV\RQXQGDQ VRQUD

eksponansiyel olarak amplifiye olan bir RNA
molekülüne, tek iplikcikli oligonükleotid probun
NDWÕOPDVÕ WHPHOLQH GD\DQÕU �������� 4β replikaz, Qβ
EDNWHUL\RIDMÕQÕQ UHSOLNDV\RQXQGD J|UHY DODQ ELU 51$

ED÷ÕPOÕ 51$ SROLPHUD] HQ]LPLGLU� %X HQ]LP� 4β
RNA genomunun molekül-içi baz çiftlerinin
ROXúWXUGX÷X |]J�Q VHNRQGHU \DSÕ\Õ WDQÕU�

Qβ UHSOLND] \|QWHPLQGH |QFH KHGHI '1$¶\Õ WHN

zincir haline getirmek için 85°C’de denatürasyon
\DSÕOÕU �ùHNLO ��� +HGHI� WHN LSoLNOL 51$ LVH EX HWDED

JHUHN \RNWXU� 5HDNVL\RQ NDUÕúÕPÕ VR÷XWXOXU

VR÷XWXOPD]� 4β UHSOLND] LoLQ GR÷DO NDOÕS J|UHYL \DSDQ

midivariyant 1 (MDV-1) raportör probu (63) ve
spesifik capture problar eklenir. Qβ replikaz enzimi
0'9�� 51$¶\Õ VXEVWUDW RODUDN NXOODQDELOPHNWHGLU

����� <DNDOD\ÕFÕ SUREODU� EX LúOHP VÕUDVÕQGD

ED÷ODQPD\DQ UDSRUW|U SUREODUÕQ RUWDPGDQ

X]DNODúWÕUÕOPDVÕQÕ VD÷ODU� 5HDNVL\RQ NDUÕúÕPÕ ���&¶GH

�� GN LQN�EH HGLOHUHN KLEULGL]DV\RQ JHUoHNOHúWLULOLU�

+LEULGL]DV\RQ úDUWODUÕ UHDNVL\RQ VSHVLILNOL÷LQL HWNLOHU�

<DQL KLEULGL]DV\RQ� VDGHFH ELU WHN ED] LOH D\UÕODQ

KHGHIOHU DUDVÕQGD D\ÕUGHGLOHQ úDUWODUGD PH\GDQD JHOLU�

Tablo 3. øQ YLWUR � DPSOLILNDV\RQ \|QWHPLQLQ NDUúÕODúWÕUÕOPDVÕ

PCR LCR 3SR
Enzim tek etapta eklenebiliyor mu?
Gerekli enzimler
6SHVLILNOL÷LQ \�NVHN ROPDVÕ WHUPRVWDELO HQ]LPH ED÷OÕ PÕGÕU"

*HUHNOL RODQ KHGHIH VSHVLILN SUREODUÕQ VD\ÕVÕ

Termal sikluslar gerekir mi?
Kontaminasyon kontrol stratejileri mevcut mu?
Uzun baz dizileri amplifiye edilebilir mi?
hU�QOHULQ WHVSLW HGLOPHVL NROD\ PÕGÕU"

hU�QOHU NORQODQPÕú YH\D ED] GL]LOLPOHUL EHOLUOHQPLú PLGLU"

Otomatik tespit sistemleri mevcut mudur?
RNA amplifikasyonu mümkün müdür?

Evet
DNA polimeraz
Evet
2
Evet
Evet
Evet
Evet
Evet
Evet
Evet

Evet
DNA ligaz
Evet
4
Evet
+D\ÕU

+D\ÕU

Evet
+D\ÕU

Evet
+D\ÕU

Evet
RT, RNase H, RNA polimeraz
+D\ÕU

2
+D\ÕU

+D\ÕU

+D\ÕU

+D\ÕU

Evet
+D\ÕU

Evet

ùHNLO �. Qß replikaz dual capture assay. Hedef DNA veya
51$¶\Õ KLEULGL]H HWPHN LoLQ KHGHIH VSHVLILN FDSWXUH

problar (poli G) ile birlikte bir MDV-1 (Qß replikaz
VXEVWUDWÕ� SUREX NXOODQÕOÕU� 0'9�� SUREX� FDSWXUH

SUREXQX KHGHI '1$¶\D ED÷ODU� 'DKD VRQUD EX

NRPSOHNVH� ELU XFXQD PDJQHWLN ERQFXN ED÷ODQPÕú RODQ

FDSWXUH SUREODU �SROL &� ED÷ODQPDNWDGÕU� %RQFXNODU

\ÕNDQDUDN 0'9�� SUREODUÕQÕQ KHGHIWHQ D\UÕOPDVÕ

VD÷ODQÕU� %X LúOHPH � YH\D GDKD ID]OD GHYDP HGLOLS

hedef-MDV-1 prob kompleksleri, Qß replikaz içeren
DPSOLILNDV\RQ WDPSRQ VÕYÕVÕ LoLQH NRQXU YH �]HULQH

\ÕNDQPÕú KHGHI�SURE NRPSOHNVL HNOHQLU� %X NDUÕúÕP

37°C’de inkübe edilerek prob amplifiye edilir.
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$\UÕFD� WHVWLQ VSHVLILNOL÷LQL DUWÕUPDN LoLQ UDSRUW|U YH

FDSWXUH SUREODUÕQ VHNDQVÕ RSWLPL]H HGLOLU� %|\OHFH KHU

LNLVL GH VLQ\DO ROXúWXUPDN �]HUH KLEULGL]H ROXU�

+LEULGL]DV\RQGDQ VRQUD� ED÷ODQPD\DQ 0'9��

SUREODUÕ \ÕNDQDUDN X]DNODúWÕUÕOÕUNHQ ED÷OÕ RODQ 0'9��

SUREODUÕ X]DNODúWÕUÕODPD] YH DUND SODQGD

DPSOLILNDV\RQ PH\GDQD JHOLU� 5HDNVL\RQ NDUÕúÕPÕ

GDKD VRQUD ���&¶\H ÕVÕWÕOÕU YH 0'9�� DPSOLILNDV\RQ

UHDNVL\RQXQX EDúODWPDN LoLQ 4β replikaz eklenir. 15
dakikadan sonra, EDTA eklenerek amplifikasyon
reaksiyonu durdurulur. Amplifiye olan ürünler, bu
�U�QOHUL WHVSLW HGHQ \|QWHPOHUGHQ ELUL NXOODQÕODUDN

ölçülür. Prichard ve Stefano, RNA birikimini ölçmek
LoLQ Q�NOHLN DVLGOHUH ED÷ODQDQ ELU IORUHVDQ ER\D

NXOODQPÕúODUGÕU�

%X \|QWHPLQ GX\DUOÕ ELU WHVW RODUDN NXOODQÕOPDVÕQÕ

engelleyen tek problem arka planda amplifikasyon
�U�QOHULQLQ ROXúPDVÕGÕU� $UND SODQGD ROXúDQ

amplifikasyon ürünleri tespit edilerek net
amplifikasyon hesaplanabilir. Hibridizasyonu kontrol
etmek için Qβ VXEVWUDWÕQGD 51$VH ,,, HQ]LPLQH

GX\DUOÕ ELU E|OJH HNOHQLU ����� 51$VH ,,, LoLQ oLIW

LSoLNOL 51$ VXEVWUDWODU ROXúPDGÕ÷Õ LoLQ SURE KHGHI

nükleik aside hibridize olduktan sonra RNAse III
WDUDIÕQGDQ WDQÕQDPD]� 51$ SUREODUÕ KHGHI Q�NOHLN DVLW

dizilerine hibridize edildikten sonra ortama eklenen
RNAse lll, tek iplikçikli RNA moleküllerini
parçalayarak, nonspesifik amplifikasyon ürünlerinin
ROXúPDVÕQÕ HQJHOOHU� 2\VD� KLEULGL]H ROPXú oLIW

LSOLNoLNOL 51$ PROHN�OOHUL VD÷ODP NDOÕU� YH 4β
replikaz için substrat görevi görürler. Enzimin otuz
GDNLNDOÕN ELU WHSNLPH VRQXQGD� SUREX \DNODúÕN ��

9 kez
oR÷DOWDELOGL÷L ELOGLULOPHNWHGLU ����

$YDQWDM YH GH]DYDQWDMODUÕ: Qβ replikaz yönteminin
HQ |QHPOL DYDQWDMÕ oRN KÕ]OÕ ROPDVÕGÕU ����� ���&¶GH

her 20 dk’da 200 nükleotid RNA hedef meydana
oÕNDU� 7HRULN RODUDN ��� Q�NOHRWLG 51$ KHGHI �� GN

içinde 1012
SURJHQL LSoLN RUWD\D oÕNDUÕU ����� %�\�N

PLNWDUGD ROXúDQ EX �U�QOHU Q�NOHLN DVLG WHVSLW

yöntemlerinden herhangi biri ile incelenebilir. Deney
��� VDDW LoLQGH WDPDPODQDELOPHNWHGLU� %LU GL÷HU

|QHPOL DYDQWDMÕ UHDNVL\RQXQ L]RWHUPDO úDUWODUGD

JHUoHNOHúHELOPHVLGLU� %X QHGHQOH� ���&¶OLN GÕú ÕVÕ\Õ

NRQWURO HGHQ FLKD] GÕúÕQGD VSHVLILN ODERUDWXYDU

GRQDQÕPÕQD LKWL\Do GX\XOPDPDNWDGÕU� 5HDNVL\RQ

sonunda büyük miktarda amplifikasyon ürünü
ROXúWX÷X LoLQ EX SURVHG�U ROGXNoD GX\DUOÕ YH WDWPLQ

edicidir. Çünkü büyük miktardaki amplifikasyon
ürünleri nonradyoaktif yöntemlerle kolayca tespit
edilebilmektedir. Qβ replikaz yönteminin basit ve

PXD]]DP PLNWDUGD DPSOLILNDV\RQ �U�Q� ROXúWXUPDVÕ

GÕúÕQGD RWRPDWL]H VLVWHPOHUL GH JHOLúWLULOPLúWLU�

øODYHWHQ� PXOWLSO KHGHI WHVSLW \|QWHPOHUL \DSÕODELOLU

����� )DUNOÕ 0'9�� UDSRUW|U SUREODU� ELU GHQH\GH

NXOODQÕODELOLU� +LEULGL]DV\RQ YH DPSOLILNDV\RQGDQ

VRQUD� EXQODU IDUNOÕ KHGHIOHULQ WDQÕPODQPDVÕQÕ

VD÷OD\DQ VSHVLILN F'1$ FDSWXUH SUREODUÕQD J|UH

VÕUDODQDELOLU�

Qβ replikaz yönteminin en önemli GH]DYDQWDMODUÕ;
ED÷ODQPD\DQ \D GD QRQVSHVLILN RODUDN ED÷ODQDQ

UDSRUW|U SUREODUÕQ DPSOLILNDV\RQ LoLQ NDOÕS RODUDN

NXOODQÕOPDVÕ YH \DQOÕú SR]LWLIOLNOHUH QHGHQ ROPDVÕGÕU�

%X QHGHQOH PDNVLPXP GX\DUOÕOÕN HOGH HGHELOPHN LoLQ

DPSOLILNDV\RQ VÕUDVÕQGD oRN WLWL] GDYUDQPDN YH

ED÷ODQPD\DQ YH\D QRQVSHVLILN ED÷ODQDQ SUREODUÕQ

D\UÕOPDVÕQÕ VD÷OD\DQ HWNLOL \|QWHPOHULQ NXOODQÕOPDVÕ

gerekir. Qβ UHSOLND] \|QWHPLQGH ED÷ODQPD\DQ 0'9�

� SUREODUÕQÕQ EDúDUÕ\OD D\UÕOPDVÕQÕ VD÷OD\DQ JHUL

G|Q�ú�PO� KHGHI FDSWXUH ������� YH\D oLIW \DNDODPD

�GXDO FDSWXUH� \|QWHPOHUL JHOLúWLULOPLúWLU� 6RUXQX DUND

plan gürültü ve özgül olmayan amplifikasyon
�U�QOHULQLQ ROXúPDVÕGÕU� $QFDN� \XNDUÕGD DQODWÕODQ

yollarla bu sorun çözülebilir. MDV-1 cDNA dizilerini
içeren plazmid ve Qβ replikaz enziminin ticari olarak
VDWÕúÕQÕQ ROPDPDVÕ \|QWHPLQ \D\JÕQ RODUDN

NXOODQÕOPDVÕ HQJHOOH\HQ GL÷HU VRUXQGXU� 7HVW WDPDPHQ

RSWLPL]H HGLOGL÷L ]DPDQ FDSWXUH �YH\D UHFDSWXUH�¶ÕQ

HWNLQOL÷L KHU VLNOXV LoLQ \DNODúÕN ������¶GLU� $UND

]HPLQGH ROXúDQ KLEULGL]DV\RQ QHGHQL\OH EX WHVWLQ

WLFDUL YHUVL\RQODUÕQÕQ WHVSLW VÕQÕUÕ \DNODúÕN ��� KHGHI

moleküldür.

$UND SODQ J�U�OW� SUREOHPL o|]�OHELOLUVH� EDVLWOL÷L

ve muazzam amplifikasyon yapabilmesi nedeniyle Qß
replikaz yöntemi, moleküler diagnostik laboratuvarlar
LoLQ oHNLFL ELU \|QWHP RODFDNWÕU� 4� UHSOLND] \|QWHPL

ile M. tuberculosis (67), Plasmodium falciparum,
HIV-1, CMV, C. trachomatis ve N. gonorrhoeae (68)
GDKLO oHúLWOL PLNURRUJDQL]PDODUÕQ WDQÕPOD\ÕS

WDQÕPOD\DPD\DFD÷Õ DUDúWÕUÕOPDNWDGÕU�

C. Sinyal amplifikasyon yöntemleri: 6RQ \ÕOODUGD

JHOLúWLULOHQ oHúLWOL VLQ\DO DPSOLILNDV\RQ \|QWHPOHUL LOH

SURE ED]OÕ WHVWOHULQ GX\DUOÕOÕ÷Õ DUWWÕUÕOPÕúWÕU �����

Sinyal amplifikasyon yöntemlerinde hedef DNA veya
51$¶QÕQ VSHVLILN ED] GL]LOHULQH ED÷ODQDQ SUREXQ

\D\GÕ÷Õ VLQ\DOOHU DUWWÕUÕOPDNWDGÕU� %X \|QWHPOHUGH�

IDUNOÕ KHGHIOHUH NDUúÕ NXOODQÕODQ PXOWLSO HWLNHWOL SUREODU

YH\D SURE VLQ\DOLQL DUWÕUPDN DPDFÕ\OD PXOWLSO

HQ]LPOHUOH ELUOHúWLULOHQ SULPHU YH VHNRQGHU SURE

NRPELQDV\RQODUÕ NXOODQÕOÕU ����� %DVLW VLQ\DO

amplifikasyon yöntemlerinde bir tek hedef proba
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ED÷ODQDQ PXOWLSO UDSRUW|U PROHN�OOHU NXOODQÕOÕU� %X
durumda, sadece bir raportör moleküllü proba göre
daha fazla sinyal elde edilebilmektedir. Bu
yöntemlerin en önemli DYDQWDMODUÕ; nükleik asid
KHGHIOHUL YH\D SUREODUÕ DPSOLIL\H HWPHGHQ
PLNURRUJDQL]PDQÕQ WHVSLWLQH LPNDQ YHUGL÷L LoLQ
NRQWDPLQDV\RQ SUREOHPL \RNWXU� .XOODQÕODQ SUREODU
HQ]LPOH ELUOHúWLULOPLúWLU� 'H]DYDQWDMODUÕ ise; raportör
SUREODUÕQ QRQVSHVLILN ED÷ODQPDVÕ VRQXFX RUWD\D oÕNDQ
arka plan gürültüdür. Bu problem nedeniyle
SURVHG�UGH PRGLILNDV\RQODU \DSÕOPÕú� KHGHI FDSWXUH
SUREODU NXOODQÕODUDN DUND SODQ J�U�OW� D]DOWÕOPÕúWÕU
����� %LU GL÷HU GH]DYDQWDMÕ� GX\DUOÕOÕ÷ÕQÕQ KHGHI YH
SURE DPSOLILNDV\RQ \|QWHPOHULQH J|UH GDKD G�ú�N
ROPDVÕGÕU� 6LQ\DO DPSOLILNDV\RQ \|QWHPOHULQLQ
GX\DUOÕOÕ÷Õ ��3-105 moleküldür (70).

%X \|QWHPGH ED]Õ L\LOHúWLUPHOHU \DSÕOPÕúWÕU� %LU
tek prob üzerinde multipl raportör molekül kullanmak
\HULQH PXOWLSO HWLNHWOL SUREODU NXOODQÕOÕU� (WLNHWOL
SUREODU KHGHI VHNDQVÕQÕQ IDUNOÕ E|OJHOHULQH
\|QOHQGLULOPLúWLU� %|\OHFH PXOWLSO KLEULGL]DV\RQ
VRQXFX ELU SUREXQ �UHWWL÷LQGHQ GDKD ID]OD VLQ\DO
üretilir. Daha fazla sinyal üretmek için daha komplike
VLQ\DO DPSOLILNDV\RQ \|QWHPOHUL JHOLúWLULOPLúWLU� %X
\|QWHPOHULQ ELULQGH NXOODQÕODQ HWLNHWVL] KHGHIH
ED÷ODQDQ SUREGD KHP KHGHI VHNDQVÕQD NRPSOHPHQWHU
ELU E|OJH KHP GH GDKD N�o�N KHGHIWHQ ED÷ÕPVÕ]
PXOWLSO UDSRUW|U SURE E|OJHOHUL YDUGÕU� %X \|QWHP
ELOHúLN SURE D÷Õ ROXúWXUXU� g]HOOLNOH PXOWLSO UDSRUW|U
PROHN�OOHU UDSRUW|U SUREODUD ED÷ODQÕQFD VLQ\DOGH
DQODPOÕ DUWPD PH\GDQD JHOLU�

Nükleik asid hibridizasyonunun tespitinde
NXOODQÕODQ UDSRUW|U PROHN�OOHU

*HoPLúWH� JHQHOOLNOH UDSRUW|U PROHN�OOHU RODUDN
radyoaktif izotop etiketler (32P, 35S ve 121I)
NXOODQÕOPDNWD\GÕ� %X UDSRUW|UOHU� VRQ HWLNHWOHPH YH\D
UDQGRP SULPLQJ JLEL WHNQLNOHU NXOODQÕODUDN Q�NOHLN
DVLG SUREODUÕQD GDKLO HGLOHELOLU �������� +LEULGL]DV\RQ
UHDNVL\RQODUÕQÕ WHVSLW HWPHN LoLQ GDKD VRQUD
RWRUDG\RJUDIL YH\D EHWD VD\DoODUÕ NXOODQÕOÕU� .OLQLN
ODERUDWXYDUODUGD UXWLQ NXOODQÕP LoLQ UDG\RL]RWRS WHVSLW
\|QWHPOHULQLQ ED]Õ GH]DYDQWDMODUÕ YDUGÕU� L]RWRSXQ
\DUÕODQPD V�UHVLQH ED÷ÕPOÕGÕUODU� UDG\DV\RQ WHKOLNHVL
YDUGÕU� NXOODQÕFÕ WDUDIÕQGDQ X\XOPDVÕ JHUHNHQ NXUDOODUÕ
YH DWÕN LPKD SUREOHPOHUL YDUGÕU� 6RQ \ÕOODUGD ELUoRN
QRQUDG\RDNWLI WHVSLW \|QWHPOHUL JHOLúWLULOPLúWLU�
Spesifik aktivite, ilk jenerasyon sistemlerde kötü
ROPDVÕQD UDJPHQ GL÷HU MHQHUDV\RQODUGD GDKD L\LGLU�

1RQUDG\RDNWLI VLVWHPOHULQ DYDQWDMODUÕ� \DUÕODQPD |PU�
SUREOHPOHULQLQ ROPDPDVÕ� |]HO G�]HQOHPHOHULQ
JHUHNPHPHVL YH NRPSOLNH GHQH\ NRúXOODUÕ YH\D DWÕN
LPKD SUREOHPOHULQLQ ROPDPDVÕGÕU�

*�Q�P�]GH NXOODQÕODQ QRQUDG\RDNWLI WHVSLW
yöntemlerinde biotin, digoxigenin ve horseradish
SHURNVLGD] �+53� LOH HWLNHWOHPH \DSÕOÕU� %X
moleküller, enzimatik veya nonenzimatik yöntemlerle
GLUHNW RODUDN Q�NOHLN DVLG SUREODUD ED÷ODQDELOPHNWHGLU
(74,75). Bu raportör gruplar; 1) avidin, genellikle
peroksidaz veya alkali fosfataz gibi bir enzime
ED÷ODQÕU YH DQWLGLJR[LJHQLQ DONDOL IRVIDWD] NRQMXJDW
NXOODQÕOÕUVD NURPRMHQLN RODUDN� YH\D �� +53 LOH
NDWDOL]H RODQ ÕúÕN �UHWLPL LOH WHVSLW HGLOHELOLU�
*�Q�P�]GH '1$�51$ SUREODUÕQÕ HWLNHWOHPH LoLQ
NXOODQÕODQ ELU oRN WLFDUL KD]ÕUODQPÕú NURPRMHQLN YH\D
NHPLOXPLQHVDQ VXEVWUDWOÕ NLWOHU EXOXQPDNWDGÕU� (Q VRQ
JHOLúWLULOHQ QRQUDG\RDNWLI UDSRUW|U SURE HWLNHWOHPH
yöntemi kemiluminesan yöntemidir. Kemiluminesan
UDSRUW|UOHU� KLEULGL]DV\RQ UHDNVL\RQX WDPDPODQGÕNWDQ
VRQUD ED]Õ VXEVWUDWODUOD ÕúÕN VDODQ NLP\DVDO JUXSODUGÕU
����� <D\ÕODQ ÕúÕN ELUNDo \|QWHPOH WHVSLW HGLOHELOLU�
2WRUDG\RJUDIL� VLQWLODV\RQ VD\DFÕ YH\D OXPLQRPHWUH
denen aletlerle ölçülebilmektedir. Kemiluminesan
WHVWOHULQLQ GX\DUOÕOÕ÷Õ KHP 32P ile etiketli problar hem
GH QRQUDG\RDNWLI UDSRUW|U \|QWHPOHULQLQ DYDQWDMODUÕQD
VDKLSWLU� øQ VLWX KLEULGL]DV\RQOD SURE WHVSLWL LoLQ� HQ
SRS�OHU \|QWHP� |UQHN ODPÕ �]HULQH J�P�ú
HP�OVL\RQX \D\ÕODUDN RWRUDG\RJUDILN WHVSLW
\|QWHPOHULQLQ UDG\RDNWLI HWLNHWOHUOH ELUOHúWLULOPHVLGLU
����� +LEULGL]DV\RQ WHVSLWLQGH NXOODQÕODQ NURPRMHQLN
SURVHG�UOHULQ X\JXODQGÕ÷Õ WHVWOHU� úLPGL WLFDUL RODUDN
mevcuttur (78). Biotin, in situ hibridizasyonda
NXOODQÕODQ QRQUDG\RDNWLI ELU HWLNHWWLU� 'LJR[LJHQLQ�
DUWDQ VÕNOÕNWD NXOODQÕOPDNWDGÕU� .RQMXJH HQ]LP
substratla inkübe edildikten sonra hibridizasyon
yerinde renkli bir presipitat meydana gelir. Radyoaktif
SUREODU KDOHQ VHQVLWLYLWH \|Q�QGHQ DOWÕQ VWDQGDUW NDEXO
edilmekedir. Çünkü in situ hibridizasyon için her
K�FUHGH HQ D] �� P51$ NRS\DVÕQÕ WHVSLW
edebilmektedir (79).

.XOODQÕODQ SURE VD\ÕVÕQD J|UH IDUNOÕ VLQ\DO
DPSOLILNDV\RQ \|QWHPOHUL JHOLúWLULOPLúWLU� +HGHI
GL]LOHUH VSHVLILN oRN VD\ÕGD IDUNOÕ SURE NXOODQÕODQ
VLVWHPOHULQ GX\DUOÕOÕ÷Õ� D] VD\ÕGD SURE NXOODQÕODQ
VLVWHPOHUH J|UH GDKD ID]ODGÕU� %X GXUXPGD ELU KHGHI
SURED ELUGHQ ID]OD SUREXQ ED÷ODQPDVÕ\OD SUREXQ
VLQ\DOL DUWPDNWDGÕU� %X �VW�QO�N� |]H,OLNOH +,9� +&9
JLEL PXWDV\RQODUÕQ VÕN ROGX÷X YLUDO JHQ GL]LOHULQLQ
VDSWDQPDVÕQGD \DUDUOÕ ROPDNWDGÕU�
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�� %LOHúLN SUREODU� %LOHúLN SUREODU LNL LúOHYVHO

ELOHúHQGHQ ROXúXU� ELULQFLO SURE� KHGHI GL]LOHUH

|]J�QG�U YH D\QÕ ]DPDQGD LNLQFLO SUREODUÕQ

ED÷ODQDELOHFH÷L oRN VD\ÕGD E|OJH LoHULU� øNLQFLO SUREODU

LVH VLQ\DO ROXúWXUDQ KDEHUFL JUXSODU �|UQH÷LQ� ELRWLQ�

WDúÕU ����� +HGHI '1$ GL]LOHULQH ED÷ODQDQ ELULQFLO

SUREODU YH EX \DSÕODUD ED÷ODQDQ LNLQFLO SUREODU ELOHúLN

SURE D÷Õ ROXúWXUXU� YH E|\OHFH SUREXQ ROXúWXUGX÷X

VLQ\DOOHU |QHPOL |Oo�GH oR÷DOWÕOPÕú ROXU� <|QWHPLQ

GX\DUOÕOÕ÷Õ ��
4 -105 moleküldür.

�� 'DOODQPÕú '1$ �EUDQFKHG '1$� E'1$�

prob yöntemi: &KLURQ ILUPDVÕ WDUDIÕQGDQ

JHOLúWLULOPLúWLU� *�Q�P�]GH HQ J�oO� VLQ\DO

amplifikasyon yöntemi kabul edilen bu teknikte
(70,73,81) bir çok raportörlerle birlikte multipl prob
NXOODQÕOÕU� %X \|QWHPGH HWLNHWOHQPHPLú ELU KHGHIH

ED÷ODQDQ SUREOD KLEULGL]DV\RQGDQ VRQUD LVWHQHQ

Q�NOHLN DVLG VHNDQVÕQÕ L]ROH HWPHN LoLQ VSHVLILN ELU

KHGHI \DNDOD\ÕFÕ SURE NXOODQÕOÕU �ùHNLO ��� gQFH KHGHI

Q�NOHLN DVLW� |]J�Q SUREODU LOH KLEULGL]H NDWÕ ID]D

ED÷ODQÕU� 'DOODQPÕú '1$ SUREX LOH LúOHPGHQ VRQUD

RUWDPD KDEHUFL PROHN�OOHU �DONDOHQ IRVIDWD]� WDúÕ\DQ

YH GDOODUD �]J� GL]LOHU WDúÕ\DQ SUREODU HNOHQLU�

%|\OHFH KHU ELU E'1$ SUREXQD \DNODúÕN ���� KDEHUFL

PROHN�O ED÷ODQPÕú ROXU� +DEHUFL PROHN�OOHULQ

ROXúWXUGX÷X VLQ\DOOHU X\JXQ ELU VXEVWUDW NXOODQÕODUDN

OXPLQRPHWUH LOH |Oo�O�U� <|QWHPLQ GX\DUOÕOÕ÷Õ ��
3 -105

moleküldür.

%XUDGD NXOODQÕODQ KHGHI ED÷OD\DQ SUREODU� LNL

KLEULGL]DV\RQ VHNDQVÕ NDSVD\DQ ELOHúLN SURE

VLVWHPLQGH NXOODQÕODQ KHGHI ED÷OD\DQ SUREODUD EHQ]HU�

%LU E|O�P� KHGHI VHNDQVÕQ NRPSOHPDQWHUL GL÷HUL LVH

E'1$ DPSOLILNDV\RQ PXOWLPHUL LOH KLEULGOHúPH

kapasitesindedir. Amplifikasyon multimeri, bu
yöntemin amplifiye edici gücünü gösterir. Bu
PXOWLPHUOHU� ROLJRQ�NOHRWLGOHUH EHOLUOL DUDOÕNODUOD

NDWÕODQ GDOODQDQ Q�NOHR]LG DQDORJODUÕQGDQ \DSÕODQ

WDUDN úHNOLQGH LVNHOHW �]HULQGH NLP\DVDO RODUDN

VHQWH]OHQLU� 0XOWLPHUOHU� ELUoRN KHGHIWHQ EDJÕPVÕ]

UDSRUW|U SUREODUD ED÷ODQÕU� VLQ\DOGH DQODPOÕ DUWÕúODUD

QHGHQ ROXUODU� %X VLVWHPGH NXOODQÕODQ UDSRUW|U

PROHN�OOHULQ WLSLQH ED÷OÕ RODUDN� KHU KHGHI VHNDQVÕQD

����¶GHQ ID]OD UDSRUW|U PROHN�O NDWÕODELOLU� E'1$

SURE \|QWHPL \�NVHN VSHVLILNOL÷H VDKLSWLU� d�QN�

sinyal amplifikasyonu meydana gelmeden önce hem
FDSWXUH KHP GH KHGHI SUREODU ED÷ODQPDNWDGÕU� %XQXQ

DNVLQH� QRQVSHVLILN KLEULGL]DV\RQGD D\QÕ QRQ�KHGHI

VHNDQVODUD KHP FDSWXUH KHP GH KHGHI SUREODUÕQ

KLEULGL]H ROPDVÕ QDGLUHQ RUWD\D oÕNDU�

E'1$¶QÕQ SURE \|QWHPLQLQ HQ |QHPOL DYDQWDMODUÕ;
X\JXODPD NROD\OÕ÷Õ YH ELU WHVWWH ELUNDo IDUNOÕ FDSWXUH

YH KHGHI ED÷ODPD SUREODUÕQÕQ NXOODQÕODELOPHVLGLU�

%|\OHFH DQODPOÕ VHNDQV KHWHURJHQHLWHVL RODQ KHSDWLW &

virüsü ve HIV gibi virüslerin hedef nükleik asidleri
WHVSLW HGLOHELOPHNWHGLU� 6HNDQV IDUNÕQGDQ GROD\Õ

spesifik capture veya hedef problar hibridize olmazsa,
DUWD NDODQ SURE NRPSOHNVOHULQGHQ GROD\Õ VLQ\DO �UHWLPL

tamamen kaybolmaz. Hepatit B ve C virüsleri (82,83),
HIV-1 (84) ve CMV (85) için bDNA prob yöntemleri
JHOLúWLULOPHNWHGLU� E'1$ SURE \|QWHPL YLU�VOHU

KDNNÕQGD NDQWLWDWLI ELOJL GH VD÷ODGÕ÷Õ LoLQ DQWLYLUDO

WHGDYLQLQ L]OHQPHVLQGH GH NXOODQÕOÕU� $QWLYLUDO

WHGDYL\H FHYDEÕQ EHOLUOHQPHVL LOH GDKD X]XQ V�UH

WHGDYL JHUHNLS JHUHNPHGL÷L YH\D DQWLYLUDO DMDQ

GR]XQXQ DUWÕUÕOÕS DUWWÕUÕOPDPDVÕQD NDUDU YHULOPHNWHGLU�

ùHNLO �. bDNA sinyal amplifikasyon yöntemi. Mikroorganizma

parçalanarak elde edilen hedef nükleik asid denatüre

HGLOLU ���� %X Q�NOHLN DVLGOHU� NDWÕ ID]D ED÷ODQPÕú FDSWXUH

SUREODUOD �D� KLEULGL]H HGLOLU ���� 'DKD VRQUD NRPúX KHGHI

VHNDQVOD KLEULGL]H RODQ YH GDOODQPÕú '1$ �DPSOLILNDV\RQ

multimerleri) ile hibridize olabilen ekstender problar (b)

eklenir. bDNA’ya (3) enzimle etiketli problar hibridize

HGLOLU ���� 6XEVWUDW �GLR[HWDQH� HNOHQLS RUWD\D oÕNDQ

kemiluminesans ölçülür (5).
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Hedef amplifikasyon yöntemleri, patojen
PLNURRUJDQL]PDODUÕQ YDUOÕ÷ÕQÕ VDSWDPDODUÕ YH JHQ
GL]LOHULQH LOLúNLQ ELOJL YHUHELOPHOHUL DoÕVÕQGDQ
\DUDUOÕGÕU� 3URE DPSOLILNDV\RQ \|QWHPOHUL LVH |]HOOLNOH
QRNWD PXWDV\RQODUÕQ VDSWDQPDVÕQGD LúH \DUD\DELOLU� %X
LNL \|QWHPLQ GX\DUOÕOÕNODUÕ� X\JXQ NRúXOODU DOWÕQGD oRN
\�NVHNWLU� $QFDN EX DYDQWDMODUÕ� D\QÕ ]DPDQGD
GH]DYDQWDMODUÕ GD ROPDNWDGÕU� *HUHNOL |QOHPOHU
DOÕQPD]VD oDSUD] EXODúODUD ED÷OÕ \DODQFÕ SR]LWLIOLN
VÕNWÕU� 6LQ\DO DPSOLILNDV\RQ \|QWHPOHULQGH Q�NOHLN DVLW
GL]LOHULQLQ oR÷DOWÕOPDVÕ V|] NRQXVX ROPDGÕ÷ÕQGDQ
oDSUD] EXODúODUD ED÷OÕ \DODQFÕ SR]LWLIOLN oRN HQGHU
J|U�O�U� $QFDN� EX \|QWHPOHULQ GX\DUOÕOÕ÷Õ LON LNLVLQH
J|UH GDKD G�ú�NW�U� %X QHGHQOH NOLQLN |UQHNWH SDWRMHQ
VD\ÕVÕ J|UHFHOL \�NVHN ROPDOÕGÕU�

'L÷HU ED]Õ DPSOLILNDV\RQ \|QWHPOHUL GH
JHOLúWLULOPLúWLU� DQFDN WLFDUL NLWOHUL KHQ�] PHYFXW
GH÷LOGLU� *HOHFHNWH EX \|QWHPOHULQ UXWLQ WDQÕGDNL
UROOHULQLQ QH RODFD÷Õ ELOLQPHPHNWHGLU� 1�NOHLN DVLW
VHNDQVÕQD GD\DOÕ DPSOLILNDV\RQ �QXFOHLF DFLGH�EDVHG
amplification, NASBA), Qβ replikaz amplifikasyonu
YH LSOLNoLN X]DNODúWÕUDUDN DPSOLILNDV\RQ �VWUDQG�
displacement amplification, SDA) sistemleri ticari
NXOODQÕPD X\JXQGXU YH JHOHFHNWH JHOLúWLULOPHOHUL
beklenmektedir (6).
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