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����øPPRELOL]DV\RQ�7HNQL÷L�+DNNÕQGD�*HQHO�%LOJLOHU 

 

øPPRELOL]DV\RQ� WHULPL�� ELU� UHDNW|U� YH\D� DQDOLWLN� VLVWHP� LoLQGH� EL\RORMLN�
RODUDN�DNWLI�NDWDOL]|U�Q�WXWXNODQPDVÕQÕ�LIDGH�HGHQ�ELU�WHULPGLU��%L\RNDWDOL]|U�LVWHU�WHN�
bir enzim olsun isterse enzim kaUÕúÕPÕ�YH\D�ELU�FDQOÕ�K�FUH�ROVXQ��WDúÕ\ÕFÕ�PDWHU\DO�
�]HULQGH� YH\D� LoLQGH� WXWXNODQPÕúWÕU�� øPPRELOL]H� NRPSOHNV� NDWÕ� GHVWH÷LQ� IL]LNVHO�
karakteristiklerini gösterirken serbest katalizörün temel biyokimyasal aktivitesine de 

VDKLSWLU�� øPPRELOL]DV\RQ� |]HO� ELU� PRdül üzerinde çözünür olmayan bir kompleks 

ROXúWXUDUDN�DNÕúNDQÕQ�NROD\FD�JHoPHVLQL�VD÷ODU��%LU�EDúND�GH\LúOH��LPPRELOL]DV\RQ��
KHWHURMHQ�NDWDOL]�SUHQVLSOHULQLQ�EL\RORMLN�VLVWHPOHUH�X\JXODQPDVÕGÕU��6RQ�RWX]�\ÕOGDQ�
EHUL� HQ]LPOHULQ� LPPRELOL]DV\RQX�� GDKD� \DNÕQ� \ÕOODUGDQ� EHUL� GH� K�FUHOHULQ�
LPPRELOL]DV\RQX� WHRULN� YH� SUDWLN� |QHP� ND]DQPÕúWÕU�� øPPRELOL]DV\RQ� WHNQRORMLVL�
kimya, biyokimya ve hücre biyolojisi disiplinleri ile biyokimyasal ve proses 

P�KHQGLVOLNOHULQL�ELUOHúWLULU��$NWDú�������� 
øPPRELOL]H� HQ]LP� ³HQ]LPLQ� NLnetik aktivitesini kaybetmeden belli bir 

E|OJH\H� IL]LNVHO� RODUDN� \HUOHúWLULOPHVL� YH\D� KDSVHGLOPHVL´� RODUDN� DGODQGÕUÕOÕU�
�&KLEDWD���������øPPRELOL]DV\RQ�WHULPL�VDGHFH�HQ]LPOHUH�GH÷LO�K�FUHVHO�RUJDQHOOHU��
mikrobiyal hücreler, bitki ve hayvan hücreleri gibi tüm biyokatalizör tiplerine de 

uygundur (Tanaka and Kawamoto, 1999). 

1HOVRQ� YH�*ULIILQ� �������ELU� UDVWODQWÕ� VRQXFX�� DNWLI�NDUERQ��]HULQH�DGVRUEH�
HGLOPLú� PD\D� LQYHUWD]ÕQÕQ� V�NUR]XQ� KLGUROL]LQL� NDWDOL]OHPH� \HWHQH÷LQH� VDKLS�
ROGX÷XQX� EXOGXODU�� %X�� LPPRELOL]H� HQ]LP� NDYUDPÕQÕQ� LON� J|VWHULPL\GL�� %X�
JHOLúPHQLQ�DUGÕQGDQ��oHúLWOL� GHVWHNOHUH�NRYDOHQW�RODUDN�ED÷ODQPÕú�DNWLI�SURWHLQOHULQ�
LPPRELOL]DV\RQX� KDNNÕQGD� ELUoRN� UDSRU� \D\ÕQODQPÕúWÕU�� %X� NRQXGDNL� SUDWLN�
X\JXODPDODUÕQ� DUWÕúÕQGDQ� VRQUD�� L\RQLN� ED÷ODPD�� IL]LNVHO� DGVRUpsiyon ve tutuklama 

JLEL�oHúLWOL�LPPRELOL]DV\RQ�WHNQLNOHUL�JHOLúWLULOPLúWLU��7DQDND�DQG�.DZDPRWR�������� 
øPPRELOL]H� HQ]LPOHULQ� LON� HQG�VWUL\HO� X\JXODPDVÕ� ����� \ÕOÕQGD� -DSRQ\D¶GD�

7DQDEH� 6HL\RNX� úLUNHWL� oDOÕúDQODUÕ� YH� &KLEDWD� WDUDIÕQGDQ� \DSÕOGÕ�� %X� X\JXODPDGa 
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fungal amino açilaz, DEAE-6HSKDGH[�LoLQH�L\RQLN�ED÷ODQPD�LOH�LPPRELOL]H�HGLOGL�YH�
N-açil-D,L-amino asitlerin, L-amino asitlere ve N-açil-D-amino asitlere 

HQDQWL\RVHOHNWLI�KLGUROL]LQGH�NXOODQÕOGÕ��&KLEDWD�HW�DO����������øPPRELOL]H�PLNUREL\DO�
hücrelerin ilN� HQG�VWUL\HO� X\JXODPDVÕ� LVH� ����� \ÕOÕQGD� \�NVHN� GHUHFHGH� DVSDUWD]�
aktivitesine sahip Escherichia coli hücrelerini poliakrilamid jel içine tutuklayarak 

amonyum fumarattan L-DVSDUWDW��UHWLPL�LOH�JHUoHNOHúWLULOGL��7DQDND�DQG�.DZDPRWR��
1999). 

Sadece enzimleri�GH÷LO�K�FUHVHO�RUJDQHOOHUL��PLNUREL\DO��ELWNLVHO�YH�KD\YDQVDO�
K�FUHOHUL� GH� LoHUHQ� EL\RNDWDOL]|UOHU� NXOODQÕODUDN� GL]D\Q� HGLOHQ�� HQHUML� YH� ND\QDN�
WDVDUUXIX� VD÷OD\DQ� YH� G�ú�N� NLUOLOLN� �UHWHQ� LúOHPOHU�� oRN� D]� \DQ��U�Q� oÕNÕúÕ�� G�ú�N�
VÕFDNOÕN� YH� oHYUHVHO� EDVÕQo� NRúXOODUÕ� LOH� DYDQWDM� VD÷ODPDNWDGÕU�� %XQD� NDUúÕOÕN��
EL\RNDWDOL]|UOHU� JHQHO� RODUDN� NDWDOLWLN� UHDNVL\RQODU� LoLQ� NRúXOODU� X\JXQ� ROVD� ELOH�
\�NVHN�VÕFDNOÕN��G�ú�N�YH\D�\�NVHN�S+�YH�RUJDQLN�o|]JHQOHULQ�YDUOÕ÷ÕQGD�NROD\OÕNOD�
inaktive olabilirler. Biyokatalizör sHUEHVW� KDOGH� NXOODQÕOÕ\RU� LVH� DWÕN� UHDNVL\RQ�
NDUÕúÕPÕQGDQ�EL\RNDWDOL]|U�Q�JHUL�ND]DQÕPÕ�GD�ELU�EDúND�SUREOHPGLU��øPPRELOL]DV\RQ�
bu problemlerin üstesinden gelebilecek tek yoldur. Genel olarak immobilize 

EL\RNDWDOL]|UOHU�NDUDUOÕGÕU�YH�NHVLNOL�WLS�UHDNVL\RQODUGD�WHNUDUOÕ�RODUDN�\D�GD�DNÕúNDQ�
VLVWHPOHUGH�V�UHNOL�RODUDN�NXOODQÕODELOLU��7DQDND�DQG�.DZDPRWR�������� 

%L\RLúOHPGH� �EL\RSURVHV�� NXOODQÕODFDN� RODQ� EL\RNDWDOL]|U� J|]� |Q�QH�
DOÕQGÕ÷ÕQGD�� HQ]LPOHULQ� YH� K�FUHOHULQ� LPPRELOL]DV\RQX� SUDWLNWLU�� øPPRELOL]H�
biyokatDOL]|UOHULQ�EL\RLúOHPOHUGH�NXOODQÕPODUÕ�úX�úHNLOGHGLU�� 

i) Stereospesifik ve/veya bölge spesifik (regio spesific) reaksiyonlar ile 

\DUDUOÕ�ELOHúLNOHULQ��UHWLPL�� 
ii��%L\RORMLN�LúOHPOHU�LOH�HQHUML��UHWLPL�� 
iii) Çevresel problemlerin çözümünde kirliliklerin�VHoLPOL�DUÕWÕOPDVÕ�� 
iv��dHúLWOL�ELOHúLNOHULQ�\�NVHN�GX\DUOÕOÕNWD�YH�VSHVLILNOLNWH�DQDOL]L�� 
v�� <HQL� LODoODUÕQ� YH\D� \DSD\� RUJDQODUÕQ� �UHWLPL� �7DQDND� DQG� .DZDPRWR��

1999). 

7�P�EX�LúOHPOHU�VDGHFH�WHN�ELU�HQ]LPLQ�GH÷LO�GDKD�NRPSOHNV�UHDNVL\RQODUÕQ�
meydana gelGL÷L� PXOWL� HQ]LP� NRPSOHNVOHULQLQ� GH� LPPRELOL]DV\RQXQX� JHUHNWLULU��
+�FUH� YH� K�FUHVHO� RUJDQHOOHU� NDUPDúÕN� UHDNVL\RQODUÕQ� PH\GDQD� JHOGL÷L� PHWDEROLN�
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VLVWHPOHUH� VDKLSWLU�� %X� VHEHSOH� LPPRELOL]H� K�FUH� YH\D� RUJDQHOOHU� ELUOHúPLú� PXOWL�
HQ]LP�NRPSOHNVOHUL�RODUDN�Lú�Jörür. Üstelik hücrelerin immobilizasyonu durumunda, 

K�FUHOHUGHQ�HQ]LP�HNVWUDNVL\RQX�EDVDPD÷Õ�HOLPLQH�HGLOPLú�ROXU��%X�GXUXP��HQ]LPLQ�
]DPDQOD�JHOLúHELOHFHN�LQDNWLYDV\RQXQX�YH�SDKDOÕ�VDIODúWÕUPD�EDVDPDNODUÕQÕ�HQJHOOHU�
YH� HQ]LPLQ� GDKD� NDUDUOÕ� NRúXOODUGD� NXOODQÕPÕQÕ� RODQDNOÕ� NÕODU� �7DQDND� DQG�
Kawamoto, 1999). 

%XQXQ� \DQÕQGD�� LPPRELOL]H� K�FUHOHULQ� SUDWLN� X\JXODPDODUGD� J|]� |Q�QGH�
EXOXQGXUXOPDVÕ�JHUHNHQ�ED]Õ�GH]DYDQWDMODUÕ�YDUGÕU�� 

i��+�FUH��LVWHQPH\HQ�UHDNVL\RQODUÕ�NDWDOL]OH\HQ�HQ]LPOHUL�GH�LoHUHELOHFH÷L�LoLQ�
istenmeyen yan ürünler sentezlenebilir. Tür seçimi, mutasyon, hücre tipine göre özel 

PXDPHOH�YH\D�K�FUHOHULQ�JHQHWLN�RODUDN�GH÷LúWLULOPHVL�LOH�EX�SUREOHPOHULQ��VWHVLQGHQ�
gelinebilir.  

ii��6D÷ODP�K�FUHOHULQ�K�FUH�GXYDUODUÕ�YH�PHPEUDQODUÕ�JHQHOOLNOH�VXEVWUDW���Uün 

YH�GL÷HU� UHDNVL\RQ�ELOHúHQOHULQLQ�K�FUH� LoLQH�YH\D�GÕúÕQD�JHoLúLQL� HQJHOOHU��%X�JLEL�
durumlarda bariyer, immobilizasyondan önce ve sonra uygun muameleler ile 

\ÕNÕOPDOÕGÕU��7DQDND�DQG�.DZDPRWR�������� 
øPPRELOL]H� K�FUHOHU� X\JXQ� EHVLQ� PDGGHOHULQLQ� GHYDPOÕ� VD÷ODQPDVÕ� LOH�

E�\�PH� HYUHVLQGH� WXWXODELOLU�� øPPRELOL]H� E�\�\HQ� K�FUH� WHNQL÷L�� K�FUHOHU�
NHQGLOL÷LQGHQ� oR÷DOGÕNODUÕQGDQ� YH� NHQGLOL÷LQGHQ� \HQLOHQGLNOHULQGHQ� GROD\Õ�
DYDQWDMOÕGÕU��%XQXQOD�ELUOLNWH��LPPRELOL]H�E�\�\HQ�K�FUHOHU�DúD÷ÕGDNL�GH]DYDQWDMODUD�
sahiptir:  

i�� øPPRELOL]H� E�\�\HQ� K�FUHOHU�� \DúDP� YH� E�\�PH� GXUXPODUÕQÕ� GHYDP�
HWWLUPHN�LoLQ�EHVLQ�PDGGHVL�YH�HQHUML�ND\QD÷ÕQD�LKWL\Do�GX\DU��%HVLQ�PDGGHVL�YH\D�
HQHUML�ND\QD÷Õ�DUWWÕ÷ÕQGD�DUWDQ�VXEVWUDW�W�NHWLPLQGHQ�GROD\Õ��U�Q�YHULPL�D]DODELOLU�� 

ii��hU�Q��WDúÕ\ÕFÕGDn kopan hücreler ile kontamine olabilir. 

øPPRELOL]H� EL\RNDWDOL]|UOHULQ� X\JXODPDVÕ� LoLQ�� EL\RNDWDOL]|U�Q� LVWHQLOHQ�
DNWLYLWH\H�YH�NDUDNWHULVWL÷H�VDKLS�ROGX÷XQX�ELOPHN�oRN�|QHPOLGLU��(N�RODUDN��X\JXQ�
WDúÕ\ÕFÕQÕQ� YH� LPPRELOL]DV\RQ� WHNQL÷LQLQ� VHoLPL� GH� |QHPOLGLU�� 7DúÕ\ÕFÕ� YH�
LPPRELOL]DV\RQ� WHNQL÷L� LPPRELOL]H� HGLOHFHN� EL\RNDWDOL]|UH� X\JXQ� ROPDOÕGÕU�� %X�
nedenle, tüm biyokatalizör tiplerine uygun genel ideal bir immobilizasyon metodu 

yoktur. 
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øGHDO� ELU� WDúÕ\ÕFÕ� EL\RNDWDOL]|U� LPPRELOL]DV\RQX� LoLQ� \HWHUOL� IRQNVL\RQHO�
JUXSODUD� VDKLS� ROPDOÕGÕU�� 7DúÕ\ÕFÕ� D\UÕFD�� PHNDQLN� J�FH�� IL]LNVHO�� NLP\DVDO� YH�
EL\RORMLN� NDUDUOÕOÕ÷D� YH� G�ú�N� WRNVLVLWH\H� VDKLS� ROPDOÕGÕU�� (N� RODUDN�� oHúLWOL� WLSWHNL�
UHDNW|UOHUH� LPPRELOL]H� EL\RNDWDOL]|UOHULQ� X\JXODQDELOPHVL� LoLQ� WDúÕ\ÕFÕ\D� IDUNOÕ�
úHNLOOHU� YHULOHELOPHVL� JHUHNHELOLU�� 6RQ� RODUDN�� HNRQRPLN� X\JXQOX÷X� J|]� |Q�QGH�
WXWXOPDOÕGÕU��7DQDND�DQG�.DZDPRWR�������� 

øPPRELOL]DV\RQ�PHWRWODUÕ���NDWHJRUL\H�D\UÕODELOLU��7DúÕ\ÕFÕ\D�ED÷ODPD��oDSUD]�
ED÷ODPD��WXWXNODPD�YH�EX��o�PHWRGXQ�NRPELQDV\RQX��+HU�ELU�PHWRGXQ�DYDQWDMOÕ�YH�
GH]DYDQWDMOÕ� \DQODUÕQÕQ� ROPDVÕQGDQ� GROD\Õ�� DúD÷ÕGD� DoÕNODQGÕ÷Õ� JLEL� VHoLP��
EL\RNDWDOL]|U��UHDNVL\RQ��UHDNW|U�JLEL�IDNW|UOHUH�ED÷OÕGÕU�� 
 

������øPPRELOL]DV\RQ�WHNQLNOHUL 
D��7DúÕ\ÕFÕ\D�ED÷ODPD�PHWRGX 

7DúÕ\ÕFÕ\D� ED÷ODPD�� EL\RNDWDOL]|U�Q� VXGD� o|]�QPH\HQ� WDúÕ\ÕFÕ\D� NRYDOHQW�
ED÷ODU�� L\RQLN� ED÷ODU�� IL]LNVHO� DGVRUSVL\RQ� YH\D� EL\RVSHVLILN� HWNLOHúLPOHU� LOH�
ED÷ODQPDVÕQD�GD\DQDQ�ELU�PHWRWWXU��6XGD�o|]�QPH\HQ�SROLVDNNDULWOHU��|UQ��VHO�OR]��
dekstran ve agaroz türevleri), proteinler (örn. jelatin ve albumin), sentetik polimerler 

�|UQ�� SROLVWLUHQ� W�UHYOHUL�� L\RQ� GH÷LúLP� UHoLQHOHUL� YH� SROL�UHWDQ�� YH� LQRUJDQLN�
PDWHU\DOOHU� �|UQ�� WX÷OD�� NXP�� FDP�� VHUDPLN� YH� PDJQHWLW�� JLEL� oHúLWOL� o|]�QPH\HQ�
PDWHU\DOOHU�GR÷UXGDQ�YH\D�|]HO�PRGLILNDV\RQ�YH\D�DNWLYDV\RQ�VRQUDVÕ�NXOODQÕOabilir 

(Tanaka and Kawamoto, 1999). 

i��.RYDOHQW�ED÷ODPD�PHWRGX 

 .RYDOHQW� ED÷ODPD� PHWRGX� HQ]LP� LPPRELOL]DV\RQX� LoLQ� HQ� VÕN� NXOODQÕODQ�
WHNQLNOHUGHQGLU�� IDNDW� NRYDOHQW� ED÷OD\ÕFÕ� DMDQODUÕQ� WRNVLVLWHVL� YH� GR÷UX�
LPPRELOL]DV\RQ� NRúXOODUÕQÕQ� EXOXQPDVÕQÕQ� ]RUOX÷XQGDQ� GROD\Õ� K�FUHOHU� LoLQ�
NXOODQÕPÕ� D]GÕU�� 1DYDUUR� YH� 'XUDQG� �������� Saccharomyces carlsbergensis’i 

DPLQRSURSLOWULHWRNVLVLODQ� X\JXODQPÕú� YH� JOXWDUDOGHKLW� LOH� DNWLYH� HGLOPLú� J|]HQHNOL�
VLOLND� N�UHOHUH� LPPRELOL]H� HWPLúOHUGLU�� Serratia marcescens, Saccharomyces 

cerevisiae ve Saccharomyces amurcea�ERURVLOLNDW�FDPODUD�YH\D�L]RVL\DQDW�ED÷ODPD�
DMDQÕ� NXOODQÕODUDN�� ]LUNRQ\XP� GLRNVLW� �=U22) seramik üzerine kovalent olarak 
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ED÷ODQPÕúWÕU��0HVVLQJ�HW�DO����������2UJDQLN�WDúÕ\ÕFÕODU�NRYDOHQW�ED÷ODPD�PHWRGX�LOH�
hücre immobili]DV\RQXQGD�D\UÕFD�NXOODQÕOPDNWDGÕU�� 
 (Q]LPOHUH� EDNÕOGÕ÷ÕQGD� LVH�� DNWLI� E|OJH� YH\D� VXEVWUDW� ED÷ODPD� E|OJHVLQGH�
EXOXQPD\DQ�DPLQR�DVLW�ELULPOHUL�WDúÕ\ÕFÕ\D�NRYDOHQW�ED÷ODPDGD�NXOODQÕODELOLU��/L]LQLQ�
0-DPLQR�JUXEX��DVSDUWLN�DVLGLQ��-karboksil grubu, glutamik DVLGLQ��-karboksil grubu, 

VHULQ� YH� WUHRQLQLQ� KLGURNVLO� JUXSODUÕ�� VLVWHLQLQ� PHUNDSWR� JUXEX�� WLUR]LQLQ� IHQROLN�
hidroksil grubu ve histidinin imidazol grubu; diamonyum tuzu, asit azit, izosiyanat, 

DNWLIOHúWLULOPLú� DONLO� KDORMHQ�U� YH\D� DOGHKLW� JLEL� UHDNWLI� IRQksiyonel gruplara sahip 

WDúÕ\ÕFÕODU�LOH�UHDNVL\RQD�JLUHELOLUOHU��7DQDND�DQG�.DZDPRWR�������� 
 øPPRELOL]DV\RQGD� NXOODQÕODFDN� RODQ� WDúÕ\ÕFÕ�� UHDNWLI� JUXSODUD� VDKLS� GH÷LOVH��
\DUGÕPFÕ�ELU�UHDNWLI�LOH�DNWLYH�HGLOPHVL�JHUHNPHNWHGLU��øPPRELOL]DV\RQ�oRN�\XPXúDN�
koúXOODUGD� �RGD� VÕFDNOÕ÷Õ�� Q|WUDO� S+� YE��� JHUoHNOHúWLULOPHOLGLU�� 7DúÕ\ÕFÕ�� VXGD�
o|]�QPHPHOL��IDNDW�oRN�GD�KLGURIRELN�NDUDNWHUOL�ROPDPDOÕ��VXGD�ÕVODQDELOPHOL��D\UÕFD�
PHNDQLN� NDUDUOÕOÕ÷D� VDKLS� ROPDOÕGÕU�� %X� W�U� WDúÕ\ÕFÕODUÕQ� VHoLPLQGH�� HQ]LP-WDúÕ\ÕFÕ�
ED÷ODQPDVÕQÕQ� DNWLYLWH� LoLQ� ]RUXQOX� JUXSODU� �]HULQGHQ� ROPDPDVÕ� LOH� ELUOLNWH�
WDúÕ\ÕFÕQÕQ� HQ]LPOHU� WDUDIÕQGDQ� SDUoDODQPDPDVÕ�� PLNURRUJDQL]PD� �UHPHVLQL�
HQJHOOHPHVL��S+�YH�o|]JHQOHUH�NDUúÕ�GD\DQÕNOÕ�ROPDVÕ�JLEL��|]HOOLNOHUH�VDKLS�ROPDVÕQD�
dikkat edilmelidir (Telefoncu, 1997). 

.RYDOHQW�ED÷ODPD�PHWRGX�DúD÷ÕGDNL�DYDQWDMODUD�VDKLSWLU� 
i����%L\RNDWDOL]|U�WDúÕ\ÕFÕGDQ�VÕ]PD]�YH\D�D\UÕOPD]� 
ii�� %L\RNDWDOL]|U� WDúÕ\ÕFÕ� \�]H\LQGH� WXWXQGX÷X� LoLQ� VXEVWUDW� LOH� NROD\OÕNOD�

temasa geçebilir, 

iii��%L\RNDWDOL]|U� YH� WDúÕ\ÕFÕ� DUDVÕQGDNL� J�oO��HWNLOHúLPGHQ�GROD\Õ�EL\RNDWD- 

OL]|U�NDUDUOÕOÕ÷Õ�JHQHOOLNOH�DUWDU� 
%X�DYDQWDMODUD�LODYHWHQ�NLPL�GH]DYDQWDMODUÕ�GD�YDUGÕU 
L�� %L\RNDWDOL]|U�Q� WRNVLN� DMDQODUD� YH\D� VHUW� UHDNVL\RQ� NRúXOODUÕQD� PDUX]�

NDOPDVÕQGDQ�GROD\Õ��U�Q�YHULPLQGHNL�G�ú�ú� 
ii���øPPRELOL]DV\RQ�LoLQ�RSWLPXP�NRúXOODUÕQ�EXOXQPDVÕQGDNL�]RUOXN� 
iii��7DúÕ\ÕFÕQÕQ�\HQLOHQPHVL�YH�EL\RNDWDOL]|U�Q�WDúÕ\ÕFÕGDQ�JHUL�ND]DQÕOPDVÕ- 

QÕQ�LPNDQVÕ]�ROPDVÕ�� 
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%HOLUOHQHQ� EX� |]HOOLNOHUGHQ� GROD\Õ�� PHWRW� WDúÕ\ÕFÕ\D� NRYDOHQW� RODUDN�
ED÷ODQDUDN� NDUDUOÕOÕ÷ÕQÕ� DQODPOÕ� ELU� úHNLOGH� DUWWÕUDQ� SDKDOÕ� HQ]LPOHU� LoLQ� oRN�
uygundur. 

ii��ø\RQLN�ED÷ODPD�PHWRGX 

.DWDOD]ÕQ� L\RQ� GH÷LúWLULFL� VHO�OR]D� ED÷ODQPD� \HWHQH÷LQLQ� EXOXQPDVÕQGDQ�
LWLEDUHQ� �0LW]�� ������� L\RQLN� ED÷ODPD� PHWRGX� ELUoRN� EL\RNDWDOL]|U�Q�
LPPRELOL]DV\RQXQGD� NXOODQÕOPDNWDGÕU�� 3URVHG�U� oRN� EDVLW� ROXS�� WDúÕ\ÕFÕQÕQ�
\HQLOHQPHVL� YH� EL\RNDWDOL]|U�Q� WDúÕ\ÕFÕGDQ� JHUL� ND]DQÕPÕ� oRN� NROD\GÕU� YH�
LPPRELOL]DV\RQ� NRúXOODUÕ�� \XPXúDNWÕU�� øPPRELOL]H� HQ]LPOHULQ� LON� HQG�VWUL\HO�
X\JXODPDVÕ� /-amino asit üretimi için DEAE-VHO�OR]� �]HULQH� DPLQRDoLOD]ÕQ�
LPPRELOL]DV\RQX� LOH� JHUoHNOHúWLULOPLúWLU� �&KLEDWD� HW� DO��� ������� ø\RQLN� ED÷ODPDGD��
EL\RNDWDOL]|U�Q� WDúÕ\ÕFÕ\D� ED÷ODQPDVÕ� NXOODQÕODQ� WDPSRQ�� S+�� L\RQLN� úLGGHW� YH�
VÕFDNOÕNWDQ�HWNLOHQLU��7DúÕ\ÕFÕQÕQ�\HQLOHQPHVLQLQ�YH�EL\RNDWDOL]|U�Q�JHUL�ND]DQÕPÕQÕQ�
kolay olmDVÕQÕQ� \DQÕQGD� EL\RNDWDOL]|U�� WDúÕ\ÕFÕGDQ� NROD\OÕNOD� D\UÕODELOLU�� *HQLú�
oHúLWOLOLNWHNL� L\RQ� GH÷LúLP� UHoLQHOHULQH� LODYHWHQ� L\RQ� GH÷LúLP� JUXEXQD� VDKLS�
SROLVDNNDULWOHU�GH�EX�DPDo�LoLQ�NXOODQÕODELOLU�� 

iii) Fiziksel adsorpsiyon metodu 

Fiziksel adsorpsiyon metoGX� HQ]LP� LPPRELOL]DV\RQXQGD� NXOODQÕODQ� HQ� HVNL�
ve en basit yöntemdir (Nelson and Griffen, 1916). Proteinler ve özellikle enzimlerin 

NDWÕ� \�]H\OHUH� DGVRUSVL\RQX� GHWD\OÕFD� DUDúWÕUÕOPÕúWÕU�� $GVRUSVL\RQXQ� DVÕO� DPDFÕ�
HQ]LP� LPPRELOL]DV\RQX� ROPD\ÕS� HQ]LP� VDIODúWÕUPDNWÕU�� )DNDW� VXGD� o|]�QPH\HQ�
WDúÕ\ÕFÕODUGD� DGVRUSVL\RQ� \|QWHPLQLQ� HQ]LP� LPPRELOL]DV\RQGD� ROGXNoD� VÕN�
NXOODQÕOGÕ÷Õ�J|U�OPHNWHGLU��1HOVRQ�DQG�*ULIILQ��������)ORU�DQG�+D\DVKLGD�������� 

)L]LNVHO� DGVRUSVL\RQ� PHWRGX� WDúÕ\ÕFÕ� YH� EL\RNDWDOL]|U� DUDVÕQGDNL� KLGURMHn 

ED÷Õ��KLGURIRELN�HWNLOHúLPOHU��YDQ�GHU�:DDOV�HWNLOHúLPOHUL�JLEL�LOLúNLOHULQ�WHN�WHN�YH\D�
ELUOLNWH� QHGHQ� ROGXNODUÕ� IL]LNVHO� HWNLOHúLPOHUH� GD\DQÕU�� %L\RNDWDOL]|U� KLoELU�
PRGLILNDV\RQ� JHUHNPHNVL]LQ� LPPRELOL]H� ROPDVÕQD� UD÷PHQ�� IL]LNVHO� HWNLOHúLPOHU�
L\RQLN�ED÷ODUGDQ�GDKD�]D\ÕIWÕU�YH�VÕFDNOÕN�YH�o|]�QHQ�PDGGH�GHULúLPL�JLEL�oHYUHVHO�
IDNW|UOHUH� NDUúÕ� GDKD� GX\DUOÕGÕU��+�FUHVHO� RUJDQHOOHU� YH� GH÷LúLN� WLSWHNL� K�FUHOHU� EX�
PHWRW�LOH�NROD\OÕNOD�LPPRELOL]H�HGLOHELOLU�� 
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7DúÕ\ÕFÕODU� oRN� GH÷LúLN� W�UGH� ROPDNOD� ELUOLNWH�� L\L� Eir adsorpsiyon 

VD÷OD\DELOPHN�LoLQ��JHQHOOLNOH�WDúÕ\ÕFÕQÕQ�ELU�|Q�LúOHPGHQ�JHoLULOPHVL�JHUHNPHNWHGLU��
(Q]LP� LPPRELOL]DV\RQXQGD� HQ� oRN� NXOODQÕODQ� WDúÕ\ÕFÕODU�� DNWLI� NDUERQ�� J|]HQHNOL�
FDP�� GLDWRPH� WRSUD÷Õ�� NDOVL\XP� NDUERQDW�� N�O�� NROORG\XP�� VLOLNDMHO�� EHQWRQLt, 
KLGURNVLDSDWLW��QLúDVWD��JOXWHQ�YH�NDOVL\XP�IRVIDWWÕU��7HOHIRQFX�������� 

7DúÕ\ÕFÕQÕQ� \HQLOHQPHVL� X\JXQ� NRúXOODU� DOWÕQGD� EDúDUÕODELOLU�� )L]LNVHO�
DGVRUSVL\RQX� WDNLS� HGHQ� JOXWHUDOGHKLW� LOH� oDSUD]� ED÷ODPD� ED]HQ� LPPRELOL]H�
NDWDOL]|U�Q�NDUDUOÕOÕ÷ÕQD�\DUGÕP�HGebilir.  

$GVRUSVL\RQ� \|QWHPLQLQ� NLPL� DYDQWDMODUÕ� YDUGÕU�� HQ]LP� LPPRELOL]DV\RQ�
LúOHPLQLQ�EDVLW�ROXúX��GH÷LúLN�ELoLP�YH�\�NWHNL�WDúÕ\ÕFÕODUÕ�VHoPH�RODQD÷Õ�YHUPHVL�YH�
ELU�\DQGDQ� LPPRELOL]DV\RQ�JHUoHNOHúWLULOLUNHQ�GL÷HU�\DQGDQ�HQ]LP�VDIODúWÕUÕOPDVÕQD�
izin vermHVLGLU�� øúOHP�oRN�NROD\�ROXS�\XPXúDN�NRúXOODUGD�JHUoHNOHúWL÷L� LoLQ�HQ]LP�
DNWLYLWHOHUL� �]HULQH� ROXPVX]� HWNLOHUL� ROPDPDNWDGÕU�� <|QWHPLQ� VDNÕQFDODUÕ� LVH��
RSWLPXP�LPPRELOL]DV\RQ�NRúXOODUÕQ�VDSWDQPDVÕQÕQ�oRN�J�o�ROPDVÕ��HQ]LP�LOH�WDúÕ\ÕFÕ�
DUDVÕQGDNL� ED÷ÕQ� J�oO�� ROPDGÕ÷Õ� GXUXPODUGD� HQ]LPLQ� UHDNVL\RQ� RUWDPÕQD� NDoDUDN�
�U�Q��NLUOHWPHVL�RODUDN�VÕUDODQDELOLU��7HOHIRQFX�������� 

iv��%L\RVSHVLILN�ED÷ODPD�PHWRGX 

%L\RVSHVLILN� ED÷ODPD� PHWRGX�� oR÷XQOXNOD� DILQLWH� D\ÕUPDVÕ� LúOHPOHULQGH�
NXOODQÕODQ� NRHQ]LPOHU�� LQKLELW|UOHU�� HIHNW|UOHU�� OHNWLQOHU� YH� DQWLNRUODU� JLEL� ELOHúLNOHU�
LOH� HQ]LPOHU�DUDVÕQGDNL�EL\RVSHVLILN� HWNLOHúLPH�GD\DQÕU��(÷HU�HWNLOHúLP�NXYYHWOL� LVH�
HQ]LP� EX� ELOHúLNOHUGHQ� ELUL� LOH� NRQMXJDW� ROXúWXUDUDN� WDúÕ\ÕFÕ\D� ED÷ODQÕU�� %XQXQ�
\DQÕQGD��HQ]LPOHU�LOH�ED÷ODQGÕNODUÕQGD�RQODUÕ�LQDNWLYH�HWWLNOHULQGHQ�GROD\Õ�DQWLNRUODU�
ve inhibitörler iyi bir seçim olmazlar. Lektin ile spesifik karbohidrat birimleri içeren 

HQ]LPOHU� DUDVÕQGDNL� HWNLOHúLP�� EX� X\JXODPDODU� LoLQ� ID\GDOÕGÕU� �6XONRZVNL� DQG�
Laskowski, 1974). Glikoprotein olan lektinler,�VSHVLILN�NDUERKLGUDW�ELULPL�LOH�VÕNÕ�ELU�
úHNLOGH� ED÷ODQÕU�� (Q� oRN� NXOODQÕODQ� OHNWLQOHUGHQ� ELUL� NRQNDQDYDOLQ� $¶GÕU�� %LUoRN�
HQ]LP�JOLNRSURWHLQ�ROGX÷XQGDQ�GROD\Õ��OHNWLQOHULQ�NXOODQÕP�DODQÕ�YDUGÕU� 

E��dDSUD]�ED÷ODPD�PHWRGX 

Bu metot, küçük moleküllü bi- ve multi- fonksiyonel reaktifler enzim 

PROHN�OOHUL� DUDVÕQGD� ED÷ODU� \DSDUDN� VXGD� o|]�QPH\HQ� NRPSOHNVOHULQ� ROXúPDVÕQÕ�
VD÷ODU��dDSUD]� ED÷ODPD� GHUHFHVL� YH� LPPRELOL]DV\RQ�� SURWHLQ�YH� UHDNWLI� GHULúLPLQH��
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S+�YH� LPPRELOL]H� HGLOHFHN� HQ]LPH�GR÷UXGDQ�ED÷ÕPOÕGÕU��(Q� oRN�NXOODQÕODQ� oDSUD]�
ED÷ODPD� UHDNWLIOHUL�� JOXWHUDOGHKLW�� NORUIRUPDW�� NDUERQLOGLLPLGD]RO�� KHWHURVLNOLN�
halojenürler, bioksiranlar, divinilsülfonlar, p-EHQ]RNLQRQ�� JHoLú� PHWDO� L\RQODUÕ� YH�
HSLNORUKLGULQOHUGLU�� %X� PHWRW� LOH� LPPRELOL]H� HGLOPLú� EL\RNDWDOL]|U�Q� DNWLYLtesinde 

JHQHOOLNOH�G�ú�ú�J|]OHQLU��7HOHIRQFX��������� 
c) Tutuklama metodu 

Prensip olarak tutuklama, biyokatalizörü belirli bir mekanda durmaya 

]RUODPDNWÕU��%L\RNDWDOL]|U�EXOXQGX÷X�oHYUHGHQ�GÕúDUÕ\D�oÕNDPD]��%X�LúOHP�SROLPHU�
matriks içindeki kafeslerde gerçHNOHúWLULOHELOHFH÷L� JLEL� \DUÕ� JHoLUJHQ� PHPEUDQODU�
LoLQGH�PLNURNDSV�OOHPH�YH�PLVHOOHU�LOH�GH�JHUoHNOHúWLULOHELOLU��%X�\|QWHPL��NRYDOHQW�
ED÷ODPD� YH� oDSUD]� ED÷ODPD� LOH� LPPRELOL]DV\RQGDQ� D\ÕUDQ� HQ� |QHPOL� |]HOOLN��
biyokatalizörün fiziksel veya kimyasal olarak hHUKDQJL� ELU� WDúÕ\ÕFÕ\D� ED÷ODQPDPÕú�
ROPDVÕGÕU�� 7XWXNODPD� PHWRGX� �� DQD� JUXSWD� VÕQÕIODQGÕUÕODELOLU�� NDIHV� �SROLPHU�
martikste tutuklama), mikrokapsül, lipozom, membran ve ters misel. 

.DIHV� WLSLQGH�� EL\RNDWDOL]|U� oHúLWOL� SROLPHUOHUGHQ� ELULQLQ� PDWULNVL� LoLQH�
tutXNODQÕU� �7DQDND� DQG� .DZDPRWR�� ������� 3ROLPHUL]DV\RQ� YH� oDSUD]� ED÷ODPDQÕQ�
ROXúWX÷X� RUWDPGD� EL\RNDWDOL]|U�Q� GH� EXOXQPDVÕ� KDOLQGH� oDSUD]� ED÷ODPD� VRQXFX�
ROXúDQ� NDIHVOHUGH� �RGDFÕNODUGD�� WXWXNODQPDNWDGÕU�� %X� DPDoOD� HQ� oRN� NXOODQÕODQ�
polimer N,N'-metilenbisakrilaPLG� LOH� oDSUD]� ED÷ODQPÕú� SROLDNULODPLGGLU�� <|QWHP��
\�NVHN� GHUHFHGH� oDSUD]� ED÷OÕ� ELU� SROLPHULQ� EL\RNDWDOL]|U� o|]HOWLVL� LoLQGH�
ROXúWXUXOPDVÕ�WHPHOLQH�GD\DQÕU��3ROLPHUOHúPH�VRQXFX�EL\RNDWDOL]|U�oDSUD]�ED÷�D÷ODUÕ�
DUDVÕQGD�WXWXNODQPDNWD�YH�E|\OHFH�DQD�o|]HOWL\H geçmesi engellenmektedir. Çapraz 

ED÷� \�]GHVL� |\OH� D\DUODQPDOÕGÕU� NL�� EL\RNDWDOL]|U� WXWXNODQDELOPHOL� IDNDW� VXEVWUDW�
PROHN�OOHULQLQ� EL\RNDWDOL]|UH� XODúPDVÕQD� HQJHO� ROPDPDOÕGÕU�� %X� \|QWHPOH�
LPPRELOL]H� HGLOHQ� EL\RNDWDOL]|UOHULQ� DVÕO� |]HOOLNOHULQGH� ELU� GH÷LúPH beklenmez. 

$QFDN� WDúÕ\ÕFÕQÕQ� WLSL� YH� HQ]LPDWLN� UHDNVL\RQODU� E|OJHVHO� PLNURoHYUH� HWNLOHULQLQ�
ROXúPDVÕQD� QHGHQ� ROPDNWDGÕU�� gUQH÷LQ�� WDúÕ\ÕFÕQÕQ� \�NO�� ROPDVÕ�� LPPRELOL]H�
EL\RNDWDOL]|U�Q�|]HOOLNOHULQGH��GR÷DO�EL\RNDWDOL]|UOHUH�J|UH�oRN�|QHPOL�GH÷LúPHOHUH�
nedeQ� ROPDNWDGÕU�� %X� \|QWHP�� oRN� NROD\� X\JXODQPDVÕ�� JHUoHN� ELU� IL]LNVHO� \|QWHP�
ROXúX�YH�oRN�D]�PLNWDUGD�EL\RNDWDOL]|U�LOH�JHUoHNOHúWLULOPHVL�JLEL�DYDQWDMODUD�VDKLSWLU��
.LP\DVDO� ELU� ED÷ODQPD� ROPDGÕ÷Õ� LoLQ� Q|WUDO�� VXGD� o|]�QPH\HQ� WDúÕ\ÕFÕODUÕQ� GD�
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NXOODQÕPÕQD� RODQDN� YHUPHNWHGLU�� <|QWHPLQ� VDNÕQFDODUÕ� LVH�� LPPRELOL]DV\RQ� LúOHPL�
VÕUDVÕQGD� LQDNWLYDV\RQXQ� GHQH\� NRúXOODUÕQD� oRN� VÕNÕ� ED÷ÕPOÕ� ROXúX� YH� LPPRELOL]H�
EL\RNDWDOL]|U�Q� VDGHFH� N�o�N� PROHN�OO�� VXEVWUDWODUD� NDUúÕ� L\L� ELU� DNWLYLWH�
göstermesidir (Telefoncu, 1997). 

MikURNDSV�O� WLSL� LPPRELOL]DV\RQ��EL\RNDWDOL]|U�Q�ELU�\DUÕ�JHoLUJHQ�VHQWHWLN�
SROLPHULQ�PLNURNDSV�OOHUL�LoLQH�WXWXNODQPDVÕQÕ�LoHULU��7DQDND�DQG�.DZDPRWR���������
0LNURNDSV�OOHULQ� E�\�NO�÷�� �–100 µ� DUDVÕQGD� GH÷LúPHNWHGLU�� øPPRELOL]DV\RQGD�
NXOODQÕODFDN�RODQ�\DUÕ�JHoLUJHQ�PHPEUDQÕQ��J|]HQHN�oDSODUÕ��VXEVWUDW�PROHN�OOHULQLQ�
NDSV�O� LoLQH� JLULúLQH� YH� �U�Q� PROHN�OOHULQLQ� GÕúDUÕ� oÕNÕúÕQD� RODQDN� YHUHFHN� ELU�
E�\�NO�NWH� ROPDOÕGÕU�� 6XEVWUDW� PROHN�OOHUL� QH� NDGDU� N�o�NVH�� EX� \|QWHP� LOH�
LPPRELOL]H�HGLOPLú�EL\RNDWDOL]|U�Q�YHULPOLOL÷L�R�|Oo�GH�\�NVHN�RODFDNWÕU��%X�\|QWHP�
LOH�EL\RNDWDOL]|U�LPPRELOL]DV\RQX�V�UHNOL�YH�V�UHNOL�ROPD\DQ�\DUÕ�JHoLUJHQ�PHPEUDQ�
PLNURNDSV�OOHUGH� WXWXNODPD� ROPDN� �]HUH� LNL� JUXED� D\UÕODELOLU�� 6�UHNVL]�
PLNURNDSV�OOHUGH� �OLSR]RPODU�� oHUoHYH� PHPEUDQÕ� ELU� VÕYÕ� WDEaka iken sürekli 

PLNURNDSV�OOHUGH�PHPEUDQ�NDWÕGÕU��7HOHIRQFX�������� 
/LSR]RP� WLSLQGH�� OLSLWOHUGHQ� ROXúPXú� DPILSDWLN� VÕYÕ-yüzey aktif madde 

PHPEUDQÕ�LoLQH�WXWXNODPD�\DSÕOÕU��7DQDND�DQG�.DZDPRWR��������� 
Membran tipinde biyokatalizör, reaksiyon çözeltisinden ultrafiltrasyon 

PHPEUDQÕ��PLNURILOWUDV\RQ�PHPEUDQÕ�YH\D�KROORZ-ILEHU� LOH�D\UÕOPÕúWÕU� �7DQDND�DQG�
Kawamoto, 1999).  

Ters misel tipinde biyokatalizör, yüzey aktif madde ile bir organik çözgenin 

NDUÕúÕPÕ� LOH� ROXúWXUXODQ� WHUV�PLVHOOHU� LoLQH� WXWXNODQPÕúWÕU� �7Dnaka and Kawamoto, 

1999).  

7XWXNODPD�PHWRGXQXQ�HQ�|QHPOL�DYDQWDMÕ��VDGHFH�WHN�ELU�HQ]LPLQ�GH÷LO�oRNOX�
HQ]LPOHULQ�� K�FUHVHO� RUJDQHOOHULQ� YH� VD÷ODP� YH� PXDPHOH� J|UP�ú� K�FUHOHULQ� GH�
LPPRELOL]H� HGLOHELOPHVLGLU�� %XQXQ� \DQÕQGD� GH]DYDQWDMODUÕ� LVH�� \�NVHN� PROHN�O�
k�WOHOL� VXEVWUDWODUÕQ� WXWXNODQPÕú� EL\RNDWDOL]|UOHULQ� \DQÕQD� \DNODúDPDPDVÕ� YH�
WDúÕ\ÕFÕQÕQ�\HQLOHQPHVLQLQ�]RU�ROPDVÕGÕU��7XWXNODPD�PHWRWODUÕ�DUDVÕQGD�NDIHV�WLSL�HQ�
ID]OD�NXOODQÕODQGÕU��7DQDND�DQG�.DZDPRWR��������� 
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����+�FUH�øPPRELOL]DV\RQX�+DNNÕQGD�*HQHO�%Llgiler 

 

øPPRELOL]H� PLNURRUJDQL]PDODUÕQ� HQG�VWUL\HO� DODQODUGD� NXOODQÕPÕ� VRQ�
zamanlarda çok ilgi çekmektedir. Bu durum; hücre immobilizasyonunun 

IHUPDQWDV\RQ� �UHWNHQOL÷LQL� DUWWÕUPDVÕ�� V�UHNOL� LúOHPOHUGH� X\JXODQDELOL\RU� ROPDVÕ��
K�FUH� NDUDUOÕOÕ÷Õ�� JHUL� ND]DQÕPÕQ� oRN� NROD\� ROPDVÕ� YH� WHNUDU� NXOODQDELOLUOL÷L� JLEL�
oHúLWOL� DYDQWDMODUD� VDKLS� ROPDVÕQGDQ� ND\QDNODQÕU�� +�FUH� LPPRELOL]DV\RQX� D\QÕ�
]DPDQGD� ND\PD� KDUHNHWOHULQH� NDUúÕ� K�FUHOHUL� NRUXU�� .D\PD� KDUHNHWOHUL�� IDUNOÕ�
WDEDNDODUGDNL� VÕYÕODUÕQ� KÕ]ODUÕQGDNL� IDUNOÕOÕNWDQ� ileri gelen deformasyondur. 

øPPRELOL]H� K�FUHOHULQ� HQG�VWULGH� NXOODQÕPÕ� KDOHQ� VÕQÕUOÕGÕU� YH� JHOHFHNWHNL�
X\JXODPDODU� LPPRELOL]DV\RQ�SURVHG�U�Q�Q�JHOLúWLULOPHVLQH�ED÷OÕGÕU� �.RXUNRXWDV� HW�
al., 2004). 

 

1.2.1 Hücre immobilizasyon destekleri ve teknikleri 

 

Hücre immobilizasyonu “bütün bir hücrenin, belirli bir bölgeye istenilen 

NDWDOLWLN� DNWLYLWHVLQL� NRUX\DUDN�� IL]LNVHO� RODUDN� KDSVHGLOPHVL� YH\D� \HUOHúWLULOPHVL´�
RODUDN� WDQÕPODQÕU� �.DUHO� HW� DO��� ������� øPPRELOL]DV\RQ��ED]Õ�K�FUHOHU� LoLQ��K�FUHOHU�
bir yüzey üzerinde YH\D�GR÷DO�ELU�\DSÕ� LoLQGH�E�\�G�NOHULQGH��GR÷DO�RODUDN�ROXúXU��
%LUoRN� PLNURRUJDQL]PDQÕQ� GR÷DO� RODUDN� NHQGLQL� IDUNOÕ� WLSWHNL� \�]H\OHUH� ED÷ODPD�
|]HOOL÷L� YDUGÕU� �.RXUNRXWDV� HW� DO��� ������� %LUoRN� EL\RWHNQRORMLN� LúOHP��
immobilizasyon teknikleri ile üstünlük ka]DQPÕúWÕU� YH� EX� \�]GHQ� oRN� VD\ÕGD�
LPPRELOL]DV\RQ�WHNQL÷L�YH�GHVWHN�PDWHU\DOL�|QHULOPLúWLU�� 

'HVWHN� PDWHU\DOL� RODUDN� DOJLQDWÕQ�� E�\�N� LOJL� J|UPHVLQLQ� \DQÕQGD�� oHúLWOL�
SROLHOHNWUROLW� MHOOHU� YH� NRPSOHNVOHULQ� K�FUH� WXWXNODPDGD� NXOODQÕOPDVÕ�
DUDúWÕUÕOPDNWDGÕU�� dL]HOJH� ���¶GH� K�FUH� WXWXNODPD� X\JXODPDODUÕQGD� oR÷XQOXNOD�
NXOODQÕODQ�SROLHOHNWUROLWOHULQ�IL]LNVHO�|]HOOLNOHUL�YHULOPLúWLU�(Bhatia et al., 2005). 
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dL]HOJH�����+�FUH�WXWXNODPDGD�NXOODQÕODQ�ED]Õ�SROLHOHNWUROLWOHULQ�|]HOOLNOHUL� 
Sistem Özellik 

Alginat Güçlü polianyon 

Karragenan  Güçlü polianyon 

Poli(stiren sülfonat) Güçlü polianyon 

Karboksimetilselüloz  Polianyon  

Selüloz sülfat Polianyon 

Heparin Polianyon 

Poli(metilen-co-guanidin) Polianyon 

Poli(diallildimetil amonyum klorür) Güçlü polikatyon 

Çitosan  =D\ÕI�SROLNDW\RQ�SULPHU�DPLQLQ�S.D¶VÕ����–6,8 

Poli(L-lizin) =D\ÕI�SROLNDW\RQ�SULPHU�DPLQLQ�S.D¶VÕ�∼10,5 

Poli(allilamin) hidroklorür =D\ÕI�SROLNDW\RQ�DPLQ�JUXEXQ�S.D¶VÕ�∼8,5 

Poli(vinilamin) hidroklorür =D\ÕI�SROLNDW\RQ 

 

Hücre immobilizasyon teknikleri iVH��IL]LNVHO�PHNDQL]PDODUÕQ�X\JXODQGÕ÷Õ���
WHPHO� NDWHJRUL\H� D\UÕODELOLU�� D�� NDWÕ� WDúÕ\ÕFÕ� \�]H\H� DGVRUSVL\RQ�YH\D�ED÷ODQPD��E��
J|]HQHNOL�ELU�PDWULNV�LoLQH�WXWXNODPD��F��IORNXODV\RQ��GR÷DO��YH\D�oDSUD]�ED÷OD\ÕFÕ�
ajanlar (yapay) ile kendi kendine agregasyon vH�G��EDUL\HU�DUNDVÕQGD�K�FUH�WXWXNODPD�
�3LONLQJWRQ� HW� DO��� ������� ùHNLO� ���¶GH� EX� �� WHPHO� NDWHJRUL� úHPDWLN� RODUDN�
J|VWHULOPLúWLU� 
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���������������ùHNLO�����+�FUH�LPPRELOL]DV\RQXQGD�NXOODQÕODQ�WHNQLNOHU�YH�GHVWHN�PDWHU\DOOHUL� 

 (Kourkoutas et al., 2004). 
 

D��.DWÕ�WDúÕ\ÕFÕ�\�]H\H�LPPRELOL]DV\RQ 

.DWÕ�WDúÕ\ÕFÕ��]HULQH�K�FUH�LPPRELOL]DV\RQX��HOHNWURVWDWLN�NXYYHWOHULQ�QHGHQ�
ROGX÷X� IL]LNVHO� DGVRUSVL\RQ� YH\D� K�FUH� PHPEUDQÕ� YH� WDúÕ\ÕFÕ� DUDVÕQGDNL� NRYDOHQW�
ED÷ODPD� LOH� JHUoHNOHúWLULOLU�� +�FUH� ILOPLQLQ� NDOÕQOÕ÷Õ�� WHN� VÕUD� K�FUHGHQ� �� PP� YH�
ID]ODVÕQD�NDGDU�GH÷LúHELOLU��%X�WLS�LPPRELOL]DV\RQX�JHUoHNOHúWLUPHQLQ�NROD\OÕ÷ÕQGDQ�
GROD\Õ�� \�]H\� �]HULQH� LPPRELOL]H� K�FUHOHUL� NXOODQDQ� VLVWHPOHU� ROGXNoD� SRS�OHUGLU��
%L\RILOPLQ� GHULQOL÷L� NDGDU� K�FUHOHULQ� WDúÕ\ÕFÕ\D� ED÷ODQPD� J�oOHUL� GH� JHQHOOLNOH�
GH÷LúLU�YH�NROD\OÕNOD�VDSWDQDPD]��+�FUH�YH�o|]HOWL�DUDVÕQGD�ELU�EDUL\HU�ROPDGÕ÷Õ�LoLQ��
K�FUH�D\UÕOPDVÕ�YH�\HU�GH÷LúWLUPHVL�RODVÕGÕU��%X�WLS�LPPRELOL]DV\RQGD�NXOODQÕODQ�NDWÕ�
WDúÕ\ÕFÕODUD� |UQHN� RODUDN�� VHO�OR]LN� PDWHU\DOOHU� �'($E-VHO�OR]�� RGXQ�� RGXQ� WDODúÕ�
gibi) ve inorganik materyaller (poligorskite, montmorilonit, hydromica, gözenekli 

porselen ve gözenekli cam gibi) verilebilir (Kourkoutas et al., 2004). 
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b) Gözenekli matrikse tutuklama 

%X� WLS� LPPRELOL]DV\RQGD�� K�FUHOHU� \D� GL÷HU� K�FUHOHULQ� YDUOÕ÷Õ� WDUDIÕQGDQ�
KDUHNHWL� VÕQÕUODQDQD�NDGDU� J|]HQHNOL�PDWULNVH� GROGXUXOXU� \D� GD� J|]HQHNOL�PDWHU\DO�
K�FUH�N�OW�U��LoLQGH�ROXúWXUXOXU��+HU�LNL�WXWXNODPD�\|QWHPL�GH�K�FUHOHULQ�GÕú�RUWDPD�
GLI�]\RQXQX�HQJHOOH\HQ�NDWÕ�ELU�D÷�LoLQH�K�FUHOHULQ�WXWXNODQPDVÕQD�GD\DQÕU��)DNDW�EX�
D÷� EHVLQ� PDGGHOHUL� YH� PHWDEROLWOHULQ� JHoLúLQH� L]LQ� YHUPHOLGLU� �.RXUNRXWDV� HW� DO���
2004). 

Bu tip immobilizasyonun en tipik örnekleri; alginat, �-karragenan, agar, 

kitosan benzeri polisakkaritler ve poligalakturonik asit veya jelatin, kollajen ve 

SROLYLQLO�DONRO�JLEL�GL÷HU�SROLPHULN�PDWHU\DOOHU�LoLQH�WXWXNODPDGÕU�� 
3ROLVDNNDULW� MHO� JLEL�� J|]HQHNOL� PDWULNV� LoLQH� K�FUH� WXWXNODPDQÕQ�

SUREOHPOHULQGHQ�ELUL�� N�UHOHULQ�GÕú�\�]�QH�\DNÕQ�NRQXPGDNL�K�FUHOHULQ�N�UH�GÕúÕQD�
NDoÕúÕGÕU��%X��NXOODQÕlan sistemin serbest ve immobilize hücreleri içermesine neden 

ROXU�� %X� SUREOHPGHQ� NDoÕQPDN� LoLQ�� K�FUHOHUL� LoHUHQ� Lo� oHNLUGHN� YH� K�FUHOHULQ�
oHNLUGHNWHQ� NDoÕúÕQÕ� HQJHOOH\HQ�� ELU� GÕú� WDEDNDGDQ� ROXúDQ� KLGURMHO� N�UHOHU�
JHOLúWLULOPLúWLU��7DQDND�HW�DO��������� 

c) Hücre flokulasyonu (agregasyonu) 

+�FUH� IORNXODV\RQX�� K�FUHOHULQ� E�\�N� ELU� ELULP� ROXúWXUPDN� �]HUH�
DJUHJDV\RQX�YH\D�V�VSDQVL\RQGDNL�K�FUHOHULQ�N�PHOHUH�\DSÕúPDVÕ�YH�KÕ]OD�o|NPHVL�
|]HOOL÷L�RODUDN�WDQÕPODQÕU��-LQ�DQG�6SHHUV���������$JUHJDW�ROXúWXUPD�\HWHQH÷L, fungus 

YH� ELWNL� K�FUHOHULQGH� J|]OHQLU�� 'R÷DO� \ROODUOD� IORNXOH� ROPD\DQ� K�FUH� N�OW�UOHULQLQ�
DJUHJDV\RQXQX�JHUoHNOHúWLUPHGH�\DSD\�IORNXODV\RQ�DMDQODUÕ�YH\D�oDSUD]�ED÷OD\ÕFÕODU�
NXOODQÕODELOLU��.RXUNRXWDV�HW�DO����������*OXWHUDOGHKLW�YH�WROXHQGLL]RVL\DQDW��&Kibata 

et al., 1974) gibi bi- veya multi-fonksiyonel ajanlar kullanarak hücreler kendi 

DUDODUÕQGD�oDSUD]�ED÷ODQDUDN�LPPRELOL]H�HGLOHELOLUOHU� 
G��%DUL\HU�DUNDVÕQGD�PHNDQLN�WXWXNODPD 

%LU� EDUL\HU� DUNDVÕQGD� K�FUH� WXWXNODPD��PLNURJ|]HQHNOL�PHPEUDQ� ILOWUHOHULQ�
kuOODQÕPÕ�\D�GD�ELU�PLNURNDSV�O� LoLQH�K�FUHOHULQ� WXWXNODQPDVÕ�YH\D�NDUÕúPD\DQ�LNL�
VÕYÕQÕQ� HWNLOHúHQ� \�]H\LQH� K�FUH� LPPRELOL]DV\RQX� LOH� JHUoHNOHúWLULOHELOLU�� %X� WLS�
LPPRELOL]DV\RQ�� K�FUHGHQ� D\UÕOPÕú� �U�QOHU� YH� ELOHúLNOHULQ� PLQLPXP� WUDQVIHUL�
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JHUHNWL÷LQGH� LGHDOGLU�� 0LNUR� J|]HQHNOL� PHPEUDQODU� DUDVÕQD� K�FUH�
LPPRELOL]DV\RQXQXQ� WHPHO�GH]DYDQWDMÕ�� N�WOH� WUDQVIHULQLQ� VÕQÕUOÕ� ROPDVÕ� �/HEHDX�HW�
DO��� ������ YH� K�FUH� E�\�PHVLQGHQ� ND\QDNODQDQ�PHPUDQ� EL\RER]XQPDVÕGÕU� �*U\WD��
2002). 

 

1.2.2 Hücre immobilizasyonu için ön gereksinimler 

 

%LU�WDúÕ\ÕFÕQÕQ�K�FUH�LPPRELOL]DV\RQXQD�X\JXQ�RODELOPHVL�LoLQ�DúD÷ÕGDNL�|Q�
JHUHNVLQLPOHUL�NDUúÕODPDVÕ�JHUHNPHNWHGLU��.RUNRXWDV�HW�DO��������� 
���7DúÕ\ÕFÕ�� K�FUHOHULQ� ED÷ODQDELOHFH÷L� IRQNVL\RQHO� JUXSODU� LoHUHQ� JHQLú� ELU� \�]H\H�
VDKLS�ROPDOÕGÕU� 
2. TDúÕ\ÕFÕ�NROD\�HOGH�HGLOHELOPHOL�YH�\HQLGHQ�NXOODQÕODELOPHOLGLU� 
��� +�FUH� FDQOÕOÕ÷Õ� YH� LPPRELOL]H� EL\RNDWDOL]|U�Q� RSHUDV\RQHO� NDUDUOÕOÕ÷Õ� \�NVHN�
ROPDOÕ�YH�X]XQ�V�UH�ER\XQFD�D\QÕ�NDOPDOÕGÕU� 
��� øPPRELOL]H� K�FUHQLQ� EL\RORMLN� DNWLYLWHVL�� LPPRELOL]DV\RQ� LúOHPLQden etkilen- 

memelidir, 

��� 'HVWH÷LQ� J|]HQHNOLOL÷L� KRPRMHQ� ROPDOÕ� YH� NRQWURO� HGLOHELOPHOLGLU�� 'HVWHN� D\QÕ�
]DPDQGD�VXEVUDW���U�Q��NRIDNW|U�YH�JD]ODUÕQ�JLULú-oÕNÕúÕQD�L]LQ�YHUPHOLGLU� 
���7DúÕ\ÕFÕ� L\L� ELU�PHNDQLN�� NLP\DVDO�� WHUPDO� YH� EL\RORMLN� NDUDUOÕOÕ÷D� VDKLS� ROPDOÕ��
HQ]LPOHU�� o|]JHQOHU�� EDVÕQo� GH÷LúLPL� \D� GD� ND\PD� NXYYHWOHUL� LOH� NROD\OÕNOD�
ER]XQPDPDOÕGÕU� 
���7DúÕ\ÕFÕ�YH�LPPRELOL]DV\RQ�WHNQL÷L��NROD\��HNRQRPLN�YH�|OoHN�E�\�WPH\H�X\JXQ�
ROPDOÕGÕU� 
���7DúÕ\ÕFÕ�NDOÕQWÕ�EÕUDNDUDN��U�Q�NDOLWHVLQL�HWNLOHPHPHOLGLU� 
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1.2.3 Mikrobiyal hücre üzerine immobilizasyonun etkisi 

 

Hücre immobilizasyonu, hücre büyümesinde, fizyolojik ve metabolik 

DNWLYLWHOHULQGH�� GH÷LúLNOLNOHUH� QHGHQ� RODELOLU�� øPPRELOL]DV\RQ� LOH� JHUoHNOHúHQ�
PHWDEROLN� GH÷LúLNOLNOHULQ� WLSLQL� YH� E�\�NO�÷�Q�� |QFHGHQ� VH]PHN� ]RUGXU�� %D]Õ�
SDUDPHWUHOHU� EX� GH÷LúLNOLNOHUGHQ� VRUXPOX� RODUDN� NDEXO� HGLOPHNWHGLU�� gUQH÷LQ��
GLI�]\RQ�QHGHQL\OH�N�WOH�WUDQVIHU�VÕQÕUODPDVÕ��E�\�PH�PRGHOLQGHNL�NDUÕúÕNOÕN��\�]H\�
JHULOLPL�YH�R]PRWLN�EDVÕQo�HWNLOHUL��D]DODQ�VX�DNWLYLWHVL��K�FUH-hücre�LOHWLúLPL��K�FUH�
PRUIRORMLVLQGH�YH�PHPEUDQ�JHoLUJHQOL÷LQGH�YH�RUWDP�ELOHúHQOHULQGHQ�\DUDUODQPDGDNL�
GH÷LúLPOHU��.RXUNRXWDV�HW�DO��������� 

D��øPPRELOL]DV\RQXQ�E�\�PH\H�YH�IL]\RORML\H�HWNLVL 
0HO]RFK� YH� DUNDGDúODUÕ� �������� GHVWHN� LoLQGH� E�\�PH� LoLQ� \HWHUVL]� Dlan 

nedeniyle alginat üzerine immobilize S. cerevisiae hücreleri ve serbest S. cerevisiae 

K�FUHOHUL�DUDVÕQGD�PRUIRORML�YH�úHNLO�EDNÕPÕQGDQ�IDUNOÕOÕNODU�EXOPXúODUGÕU�� 
-DPDL�YH�DUNDGDúODUÕ� �������� IDUNOÕ� MHO�PDWULNVOHUL� LOH�\DSWÕNODUÕ�oDOÕúPDODUÕQ�

sonucunda, küreler içindeki mikroçevrenin mikroorganizma fizyolojisini ve 

PHWDEROLN�GDYUDQÕúÕQÕ�HWNLOHGL÷LQL�J|]OHPLúOHUGLU� 
øPPRELOL]H� K�FUH� VLVWHPOHULQGH�� HQ� ID]OD� oDOÕúÕODQ� SDUDPHWUH�� PLNUREL\DO�

E�\�PH�KÕ]ÕGÕU��-XQWHU�HW�DO����������*HQHO�RODUDN�LPPRELOL]H�K�FUHOHULQ�E�\�PH�KÕ]Õ�
VHUEHVW�RODQODUD�J|UH�GDKD�\DYDúWÕU�YH�EX�GXUXP�� LPPRELOL]H�K�FUH�VLVWHPOHULQGHNL�
N�WOH�WUDQVIHU�VÕQÕUODPDVÕQGDQ�LOHUL�JHOPHNWHGLU��3DUDVFDQGROD�DQG�$OWHULLV��������� 

øODYH�RODUDN��GHVWHN�PDGGHVLQLQ�NRUX\XFX�HWNLVLQGHQ�ND\QDNODQDQ�E�\�PH\i 

KÕ]ODQGÕUÕFÕ� HWNLOHUL� GH� YDUGÕU�� gUQH÷LQ�� ELU� ILODPHQW|]� IXQJXV� RODQ�Tolypocladium 

inflatum’XQ� VHOLW� �FHOLWH�� N�UHOHU� LoLQH� WXWXNODQPDVÕ�� LPPRELOL]H� K�FUHOHUL� \�NVHN�
ND\PD�KDUHNHWOHULQH�NDUúÕ�NRUXU�YH�LPPRELOL]H�K�FUH�E�\�PHVLQL�WHúYLN�HGHU��&KXQ�
and Agathos, 1991). 

E��øPPRELOL]DV\RQXQ�PHWDEROLN�DNWLYLWH\H�HWNLVL 
Serbest ve immobilize S. cerevisiae¶QÕQ�K�FUH�LoL�S+�|Oo�POHUL�VÕUDVÕ\OD������

YH� ���� RODUDN� EXOXQPXúWXU� �*DOD]]R� DQG�%DLOH\�� �������+�FUH� LoL� S+� GH÷HULQGHNL�
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azalma, enzim aktivitesinde bir artma YH� GROD\ÕVÕ� LOH� GH� �UHWNHQOLNWH� ELU� DUWPD\D�
VHEHS�ROPXúWXU�� 

*|]HQHNOL�FDP�N�UHOHUH� LPPRELOL]H�HGLOPLú�S. carlsbergensis’in, glukozdan 

HWDQRO� �UHWLPL� YHULPLQL� DUWWÕUGÕ÷Õ� YH� NDUERQ� GLRNVLW� YHULPLQL� D]DOWWÕ÷Õ� EXOXQPXúWXU�
(Navarro and Durand, 1977). Jelatine WXWXNODQPÕú�S. cerevisiae hücrelerinin, serbest 

K�FUHOHUH� J|UH� GDKD� \�NVHN� GHULúLPGH� SROLVDNNDULW�� '1$� YH� 51$� LoHUGL÷L�
EXOXQPXúWXU��+LOJH-Rotmann and Rehm, 1990).  

Ca-DOJLQDW� MHO� N�UHOHUH� LPPRELOL]H� HGLOPLú� Aspergillus niger, serbest 

hücrelere göre antioksLGDQ� HQ]LPOHULQGH� DUWDQ� ELU� VHQWH]� J|VWHUPLúWLU� �$QJHORYD� HW�
al., 2000).  

øPPRELOL]DV\RQ�VRQXQGD��|NDU\RWLN��'RUDQ�DQG�%DLOH\��������YH�SURNDU\RWLN�
�/\QJEHUJ� HW� DO��� ������PLNURRUJDQL]PDODUÕQ� Q�NOHLN� DVLW� ELOHúLPOHULQGHNL� GH÷LúLP�
UDSRU�HGLOPLúWLU�� 

F��øPPRELOL]DV\RQXQ�VWUHV�WROHUDQVÕ��]HULQH�HWNLVL 
Norton ve D’Amore (1994), immobilize maya hücrelerinin artan etanol 

WROHUDQVÕQÕ� LQFHOHPLúOHU�YH�EX�ROJX\X�� MHO�PDWHU\DOLQLQ�NRUX\XFX� WDEDNDVÕ� LOH�K�FUH�
WXWXNODPD�YH\D�VÕQÕUOÕ�RNVLMHQ�GLI�]\RQXQGDQ�GROD\Õ��K�FUH�PHPEUDQODUÕQGD�PRGLIL\H�
\D÷� DVLWOHULQLQ� ELULNPHVL� LOH� DoÕNODPÕúODUGÕU�� $\QÕ� DUDúWÕUÕFÕODU� D\UÕFD�� K�FUH�
LPPRELOL]DV\RQX�VRQXFX�VXEVWUDW�LQKLELV\RQXQGD�NÕVPL�ELU�D]DOPD�UDSRU�HWPLúOHUGLU��
%HQ]HU�\�NVHN�WROHUDQV�\HWHQH÷L�LPPRELOL]H�Kluyveromyces marxianus için de elde 

HGLOPLúWLU� �'DOH� HW� DO��� ������� øPPRELOL]DV\RQ� WHNQLNOHULQLQ� \RO� DoWÕ÷Õ� R]PRWLN�
VWUHVLQ�� SROLROOHU� JLEL� EDVÕQo� G�]HQOH\HQ� ELOHúLNOHULQ� K�FUH� LoL� �UHWLPLQL� WHWLNOHGL÷L�
EXOXQPXúWXU��%X�ELOHúLNOHU��VX�DNWLYLWHVLQL�D]DOWPDNWD�YH�EXQXQ�VRQXFX�RODUDN�Woksik 

ELOHúLNOHUH�NDUúÕ�\�NVHN�WROHUDQV�ND]DQÕOPDNWDGÕU��1RUWRQ�YH�'¶$PRUH���������dHúLWOL�
SROLPHU� PDWULNVOHUH� LPPRELOL]H� HGLOPLú� PD\D� YH� EDNWHUL� K�FUHOHUL�� GRQGXUPD� YH�
GRQGXUDUDN� NXUXWPD� NRúXOODUÕQGD�� VHUEHVW� K�FUHOHUH� J|UH� JHOLúPLú� FDQOÕ� NDOPD� YH�
termal NDUDUOÕOÕN�\HWHQHNOHUL��J|VWHUPHNWHGLUOHU��/RGDWR�HW�DO��������� 

øPPRELOL]H� K�FUHOHU�� D\UÕFD� EL\RVLG� YH� DQWLEL\RWLNOHU� JLEL� DQWLPLNUREL\DO�
DMDQODUD�NDUúÕ�\�NVHN�GD\DQÕNOÕOÕN�GD�VHUJLOHPHNWHGLUOHU��-XQWHU�HW�DO���������� 
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������ øPPRELOL]H� K�FUHOHULQ� VHUEHVW hücre sistemlerine göre 

DYDQWDMODUÕ 
 

øPPRELOL]H� K�FUH� VLVWHPOHUL�� VHUEHVW� K�FUH� IHUPDQWDV\RQX� �]HULQH� ED]Õ�
avantajlara sahiptir (Kourkoutas et al., 2004). Bunlar: 

��� %L\RNDWDOL]|U�Q� DNWLYLWHVLQLQ� YH� VWDELOLWHVLQLQ� DUWPDVÕ�� øPPRELOL]DV\RQ� LoLQ�
NXOODQÕODQ� GHVWH÷LQ� S+�� VÕFDNOÕN�� o|]JHQ� YH\D� D÷ÕU� PHWDOOHULQ� IL]LNRNLP\DVDO�
HWNLOHULQH�NDUúÕ�NRUX\XFX�HWNL�J|VWHUPHVL� 
��� %LULP� EL\RUHDNW|U� KDFPL� EDúÕQD� G�úHQ� \�NVHN� K�FUH� \R÷XQOX÷X� VRQXFX� \�NVHN�
hacimsel üretkenlik ve fermantasyon süresi, 

���$UWDQ�VXEVWUDW�DOÕPÕ�YH�verim yükselmesi, 

���6�UHNOL�LúOHPOHUH�X\JXQOXN� 
��� <�NVHN� VXEVWUDW� GHULúLPOHULQH� NDUúÕ� DUWDQ� WROHUDQV� YH� VRQ� �U�Q� LQKLELV\RQXQGD�
azalma, 

���hU�Q�NDOLWHVLQL�DUWWÕUDQ�G�ú�N�VÕFDNOÕN�IHUPDQWDV\RQXQD�X\JXQOXN� 
���$\ÕUPD�YH�ILOWUDV\RQ�JHUHNVLQLPLQ�D]DOPDVÕ�VRQucu enerji ve ekipman giderlerinin 

G�úPHVL� 
��� %L\RNDWDOL]|U�Q� NHVLNOL� RSHUDV\RQODUGD� EL\RUHDNW|UGHQ� oÕNDUÕOPDGDQ� X]XQ�
SHUL\RWODUGD�\HQLGHQ�NXOODQÕPÕ� 
���)HUPDQWDV\RQ�DNWLYLWHVL�YH�\�NVHN�K�FUH�\R÷XQOX÷XQGDQ�ND\QDNODQDQ�PLNUREL\DO�
kontaminasyon riskinin azDOPDVÕ� 
����%DVLWOHúWLULOPLú� LúOHP�G�]HQOHPHOHUL� LOH�N�o�N�EL\RUHDNW|UOHULQ�NXOODQÕODELOPHVL�
VRQXFX�GDKD�G�ú�N�PDOL\HW� 
����%D]Õ��U�QOHUGH�ROJXQODúPD�V�UHVLQLQ�NÕVDOPDVÕ� 
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����+LGURMHOOHUH�+�FUH�øPPRELOL]DV\RQX 

 

 +LGURMHOOHU��NLP\DVDO�ED÷ODU��L\RQLN�HWNLOHúLPOHU��KLGURMHQ�ED÷ODUÕ��KLGURIRELN�
HWNLOHúLPOHU�YH\D�IL]LNVHO�ED÷ODU�LOH�oDSUD]�ED÷OÕ�SROLPHUOHUGLU��%X�PDWHU\DOOHU�VX\X�
DEVRUSODU�YH�o|]�QPHGHQ�NROD\FD� úLúHUOHU� +LGURMHOOHU� WÕS�YH�EL\RWHNQRORMLGH�K�FUH�
LPPRELOL]DV\RQX� LoLQ�JHOLúWLULOPHNWHGLU��6HQWHWLN�YH�GR÷DO�ND\QDNOÕ�KLGURMHOOHU��oRN�
oHúLWOL�K�FUH�WLSOHULQLQ�LPPRELOL]DV\RQX�LoLQ�LQFHOHQPHNWHGLU��-HQ�HW�DO���������  
 +LGURMHO�WHPHOOL�PDWHU\DOOHU��VDKLS�ROGXNODUÕ��VW�Q�|]HOOLNOHULQGHQ�GROD\Õ��LODo�
YH\D� EL\RDNWLI� PROHN�OOHULQ� GD÷ÕWÕP� DUDoODUÕ� RODUak, biyomedikal uygulamalarda 

NXOODQÕOPDNWDGÕU� �3HSSDV�� ������� 6RQ� \ÕOODUGD�� KLGURMHOOHU� oHúLWOL� EL\RORMLN� �U�QOHUL�
�DúÕ��SURWHLQ�YH�DQWLNRU�JLEL���UHWPHN�LoLQ�K�FUH�LPPRELOL]DV\RQ�PDWULNVL�RODUDN��-HQ�
et al., 1996) ve zarar gören dokunun yerine yeniden doNX� ROXúWXUPDN� LoLQ�� GRNX�
P�KHQGLVOL÷LQGH�DUWDQ�ELU�úHNLOGH�NXOODQÕOPDNWDGÕU��/HH�DQG�0RRQH\��������� 
 Hücre-WXWXNOD\DQ�KLGURMHOOHU��JHQHO�RODUDN�MHOOHúPH�|QFHVL�o|]HOWLQLQ�K�FUH�LOH�
NDUÕúWÕUÕOPDVÕ� YH� WDNLEHQ� IL]LNVHO� YH\D� NLP\DVDO� oDSUD]� ED÷OD\ÕFÕ� NXOODQÕOarak 

MHOOHúWLULOPHVL� LOH� KD]ÕUODQÕU� �&ODUN� DQG� 5RVV-Murphy, 1987). %DúDUÕOÕ� ELU�
LPPRELOL]DV\RQ� LoLQ� KLGURMHO�� K�FUH� FDQOÕOÕ÷ÕQD� YH� IRQNVL\RQXQD� \DUGÕP� HWPHOL� ELU�
EDúND� GH\LúOH� EL\RX\XPOX� ROPDOÕGÕU�� +LGURMHO� D\UÕFD�� \HWHUOL� RNVLMHQ� WUDQVSRUWX� YH�
difüzyonuna� YH� JHUHNOL� EHVLQ� PDGGHOHULQLQ�� PHWDEROLN� DWÕNODUÕQ� YH� VDOJÕODQDQ�
�U�QOHULQ�� KLGURMHO� D÷ÕQGDQ� JHoLúLQH� L]LQ� YHUPHOLGLU�� $\UÕFD� NLP\DVDO� YH� PHNDQLN�
NDUDUOÕOÕN�GD�KLGURMHOOHUGHQ�EL\RPDWHU\DO�RODUDN� LVWHQHQ�|]HOOLNOHUGHQGLU� �-HQ�HW�DO���
1996). Biyouyumluluk, K�FUHOHULQ� SROLPHU� �]HULQGH� YH\D� LoLQGH� JHOLúPHVL� LoLQ�
|QHPOLGLU�� +LGURMHO� WRNVLN� ROPDPDOÕ�� LQHUW� ROPDOÕ� YH� K�FUH� IRQNVL\RQODUÕQD� HQJHO�
ROPDPDOÕGÕU��*RRVHQ��������  
 Hidrojellere hücre immobilizasyonu için üç temel metot uygundur; adhezyon, 

matrikste tutuklama ve mikroenkapsülasyon (King and Goosen, 1993): 

 $GKH]\RQ� DGÕQGD� DQODúÕODFD÷Õ� JLEL�� K�FUHOHULQ� SROLPHU� WDúÕ\ÕFÕ� �]HULQH�
ED÷ODQPDVÕQD�GD\DQÕU��%X�PHWRG�KLGURMHO�N|S�N�YH\D�MHO�ILOP�\�]H\LQH�ED÷ODPD�LoLQ�
etkilidir. Adhezyon ile immobilizasyon, kültür için hücreleri stabilize etmede veya 

DQDOLWLN� LúOHPOHU� LoLQ� NXOODQÕOÕU� $GKH]\RQ�PHWRGX� LOH� EDúDUÕOÕ� ELU� LPPRELOL]DV\RQ��
K�FUHQLQ� IRQNVL\RQODUÕ� NRUXQDUDN� KLGURMHO� �]HULQH� ED÷ODQPDVÕQD� ED÷OÕGÕU�� %LUNDo�
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IDNW|U�� K�FUH� DILQLWHVLQL� YH� KLGURMHO� �]HULQH� GDYUDQÕúODUÕ etkiler. Bunlar, 

PRQRPHUOHULQ� YH� oDSUD]� ED÷OD\ÕFÕODUÕQ� NLP\DVDO� \DSÕVÕ�� KLGURILOLN� YH� KLGURIRELN�
|]HOOLNOHU� LOH� \�NO�� IRQNVL\RQHO� JUXSODUÕQ� QHGHQ� ROGX÷X� \�]H\� NDUDNWHULVWLNOHULGLU��
Hidrojelin fiziksel karakteristikleri adhezyon afinitesini etkiler, bu yüzden gözenek 

oDSÕQÕQ�YH�D÷�\DSÕVÕQÕQ�GH÷LúPHVL�K�FUH�DGKH]\RQXQX�PRGLIL\H�HGHELOLU��-HQ�HW�DO���
1996). 

 $GKH]\RQXQ�WHUVLQH��PDWULNVWH�WXWXNODPD��KLGURMHO�D÷�LoLQH�K�FUHOHULQ�IL]LNVHO�
]RUODQPDVÕQD� ED÷OÕGÕU�� 0DWULNVH� WXWXNODPD�� ED]HQ� PDNURHQNDSV�ODV\RQ� RODUDN da 

DGODQGÕUÕOÕU��+LGURMHOOHU�PDWULNVWH� WXWXNODPD� LoLQ� LGHDOGLU��d�QN�� VHQWHWLN� YH� GR÷DO�
ND\QDNOÕ�KLGURMHOOHULQ�oDSUD]�ED÷ODQPDVÕ��K�FUHOHUL�WXWDELOHFHN�J|]HQHNOL�D÷�\DSÕVÕQD�
VDKLS��o�ER\XWOX�\DSÕQÕQ�ROXúPDVÕQÕ�VD÷ODU��%X�\DSÕ��EHVLQ�PDGGHOHUL��DWÕNODU�YH�GL÷HU�
JHUHNOL� PROHN�OOHULQ� JHoLúLQH� L]LQ� YHULU�� 0DWULNVWH� WXWXNODPD� LoLQ� NXOODQÕODQ�
KLGURMHOOHU��NDEXO�HGLOHELOLU�GLI�]\RQ�YH�WUDQVSRUW�|]HOOLNOHULQH�VDKLS�ROPDOÕ�YH�ÕOÕPOÕ�
NRúXOODUGD�SROLPHUL]H�ROPDOÕGÕU��-HQ�HW�DO��������� 
 Mikroenkapsülasyon, tek bir hüFUHQLQ� YH\D� N�o�N� ELU� K�FUH� WRSOXOX÷XQXQ�
LQFH� PLNUR� J|]HQHNOL� \DUÕ� JHoLUJHQ� ELU� PHPEUDQ� LOH� VDUÕOPDVÕGÕU�� (Q� \D\JÕQ�
NXOODQÕODQ� PLNURHQNDSV�ODV\RQ� WHNQL÷L�� \�NO�� SROLHOHNWUROLWOHULQ� K�FUH� oHNLUGH÷L�
HWUDIÕQGD� MHOOHúPHVLGLU�� gUQH÷LQ�� DOJLQDW-polilizin mikrokapsülleri, sodyum alginat 

LoLQGH�V�VSDQVH�HGLOPLú�K�FUHOHULQ�NDOVL\XP�NORU�U�JLEL�LNL�GH÷HUOLNOL�NDW\RQ�o|]HOWLVL�
LoLQH� GDPODWÕODUDN� K�FUH� LoHUHQ� N�UHVHO� GDPODFÕNODUÕQ� ROXúWXUXOPDVÕ� LOH� HOGH� HGLOLU��
(QNDSV�OOHQPLú� K�FUHOHU� GDKD� VRQUD�� GD\DQÕNOÕ� PLNURNDSV�OOHU� ROXúWXUPDN� �]HUH�
SR]LWLI�\�NO��SROLOL]LQ�LOH�NDSODQÕU��-HQ�HW�DO���������� 
 

1.3.1 Alginat 

 

øON�RODUDN������\ÕOÕQGD�øQJLOL]�NLP\DJHU�(�&�&��6WDQIRUG��NDKYHUHQJL�DOJOHUGH�
DOJLQDWÕQ� YDUOÕ÷ÕQÕ� WDQÕPODPÕúWÕU�� $\QÕ� ]DPDQGD� DOJLQDWÕQ� NDKYHUHQJL� DOJOHUGH� HQ�
fazOD�EXOXQDQ�SROLVDNNDULW��NXUX�PDGGHQLQ�a�����¶Õ��ROGX÷XQX�GD�WHVSLW�HWPLúWLU�����
\ÕO�NDGDU�VRQUD��PLNUREL\DO�DOJLQDW�/LQNHU�YH�-RQHV��������WDUDIÕQGDQ�NHúIHGLOPLúWLU��
øNL� \ÕO� VRQUD� *RULQ� YH� 6SHQFHU� ������� WRSUDN� EDNWHULVL� Azobacter vinelandii 
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WDUDIÕQGDQ��UHWLOHQ�DVHWLOOHQPLú�DOJLQDWÕ�WDQÕWPÕúWÕU��0LNUREL\DO�DOJLQDWD�LOJL�PHGLNDO�
NXOODQÕPÕ� LOH�DUWPÕúWÕU��%X�SROLPHULQ�IDUPDVRWLN�X\JXODPDODUÕQÕQ�KÕ]OD�JHOLúPHVL�YH�
VRQ� \ÕOODUGD� NHúIHGLOHQ� HúVL]� LPPXQRORMLN� |]HOOLNOHUL� EX� \DUDUOÕ� ELOHúL÷LQ� RSWLPL]H�
üretim yöntemOHULQLQ� HQG�VWUL\HO� EL\RNLP\DFÕODU� WDUDIÕQGDQ� JHOLúWLULOPHVLQH� QHGHQ�
ROPXúWXU�� 

$OJLQDW��NDOÕQODúWÕUPD��VWDELOL]DW|U��V�VSDQVH�HGLFL��ILOP�ROXúWXUXFX��MHO�\DSÕFÕ�
YH� HP�OVL\RQ� VWDELOL]H� HGLFL� JLEL� |]HOOLNOHUL� LoHUHQ�� HúVL]� NROORLGDO� |]HOOLNOHULQGHQ�
GROD\Õ��SRWDQVL\HO�EL\RSROLPHU�ILOP�YH�NDSOD\ÕFÕ�DMDQ�RODUDN�LOJL�oHNPHNWHGLU��5KLP��
������� ,OÕPOÕ�NRúXOODUGD� MHOOHúHQ�� WRNVLN�ROPD\DQ�YH�NROD\�HOGH�HGLOHELOHQ�ELU� MHOGLU�
(Drury and Mooney, 2003).� $OJLQDW�� \ÕOODUGÕU� \L\HFHN� YH� PHúUXEDW� HQG�VWULVLQGH�
NDOÕQODúWÕUÕFÕ� YH� MHOOHúWLULFL� DMDQ� YH� NROORLGDO� VWDELOL]DW|U� RODUDN� NXOODQÕOPDNWDGÕU��
*ÕGD��NR]PHWLN��WÕS��WHNVWLO�YH�ND÷ÕW�HQG�VWULVLQGH�\ÕOGD�\DNODúÕN��������WRQ�VRG\XP�
DOJLQDW�NXOODQÕOPDNWDGÕU��0RUHVL�HW�DO����������$OJLQDW�D\UÕFD�PHPHOL�YH�PLNUREL\DO�
orijinli hücreOHUL�YH�HQ]LPOHUL�LoHUHQ�oHúLWOL�EL\RORMLN�PDWHU\DOOHULQ�WXWXNODQPDVÕQGD�
NXOODQÕOPDNWDGÕU��6LPSVRQ�HW�DO����������$OJLQDWÕQ�K�FUH�YH�SURWHLQ�WXWXNODPDGD�YH\D�
VDOÕQÕPGD� ELU� PDWULNV� RODUDN� NXOODQÕP� DODQÕ� EXODELOHFHN� |]HOOLNOHUL� YDUGÕU�� %X�
|]HOOLNOHUGHQ�ED]ÕODUÕ� 

a) 0DWULNV�LoLQGH�ED÷ÕO�RODUDN�LQHUW�VXOX�RUWDP� 
b) 2UJDQLN� o|]JHQOHULQ� NXOODQÕOPDGÕ÷Õ�� ÕOÕPOÕ� RGD� NRúXOODUÕQGD� JHUoHNOHúHQ�

HQNDSVXODV\RQ�LúOHPL� 
c) 0DNURPROHN�OOHULQ� \�NVHN� KÕ]OD� GLI�]\RQXQD� L]LQ� YHUHQ� E�\�N� MHO�

J|]HQHNOLOL÷L� 
d) *|]HQHNOLOL÷LQ�EDVLW�NDSODPD�LúOHPOHUL�LOH�NRQWURO�HGLOHELOLUOL÷L� 
e) 6LVWHPLQ� QRUPDO� IL]\RORMLN� NRúXOODUGD� NROD\OÕNOD� D\UÕúPDVÕ� YH�

biyobozunabilmesidir (Gombotz and Wee, 1998). 

D��$OJLQDWÕQ�ND\QD÷Õ�YH�NLP\DVDO�\DSÕVÕ 
 $OJLQDW�� oHúLWOL� DOJ� W�UOHULQGHQ� VH\UHOWLN� DONDOL� RUWDPGD� |]�WOHQHQ� KLGUofilik 

NROORLGDO�ELU�NDUERKLGUDWWÕU��7LFDUL�DOJLQDW�HQ�ID]OD��o�NDKYHUHQJL�DOJ��NHOS��W�U�QGHQ�
özütlenir. Bunlar; Laminaria hyperborea, Ascophyllum nodosum ve Macrocystis 

pyrifera¶GÕU�� $\UÕFD� Laminaria japonica, Eclonia maxima, Lesonia negrescens ve 

Sargassum� W�UOHUL� GH� GL÷HU� DOJLQDW� �UHWHQ� W�UOHUGLU�� 7�P� EX� DOJ� W�UOHULQGH� DOJLQDW�
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ELULQFLO� SROLVDNNDULWWLU� YH� NXUX� D÷ÕUOÕ÷ÕQ� \DNODúÕN� �� ��¶ÕQÕ� ROXúWXUXU�� Kahverengi 

DOJOHUGHNL�� DOJLQDW� PHNDQLN� NXYYHWL� YH� HVQHNOL÷L� VD÷OD\DQ� \DSÕVDO� ELU� ELOHúHQGLU��
Alginat, deniz suyunda bulunan Mg2+, Ca2+, Sr2+, Ba2+ ve Na+�JLEL�oHúLWOL�NDW\RQODUÕQ�
NDUÕúÕP� WX]X� RODUDN� LQWUDVHO�OHU� PDWULNVGH� EXOXQXU�� 'R÷DO� DOJLQDW� oR÷XQOXNOD�
çözünmeyen Ca2+�oDSUD]�ED÷OÕ�MHO�RODUDN�EXOXQXU��*RPERW]�DQG�:HH�������� 

$OJLQDW� GH÷LúHQ� PLNWDUODUGD� ���-ba÷OÕ� �-D-PDQQXULN� DVLW� �0�� YH� .-L-

guluronik asit (G) birimlerini içeren dallanma göstermeyen lineer bir polisakkarittir 

(ùHNLO�������3ROLPDQQXULN�DVLW�úHULW�EHQ]HUL�]LQFLUGLU�YH�PROHN�OHU�WHNUDUÕ�������c¶GÕU��
Poliguluronik asit ise, çubuk benzeri bir zincirGLU�YH�����c¶OÕN�ELU�PROHN�OHU�WHNUDUD�
sahiptir (Atkins et al., 1973a; Atkins et al., 1973b). 0*�EORNODUÕQÕQ�VÕNOÕ÷Õ�YH�*�YH�0�
EORNODUÕQÕQ� IUHNDQVÕ� YH� X]XQOX÷X� DOJLQDWÕQ� L]ROH� HGLOGL÷L� GRNX� YH\D� RUJDQL]PD\D�
ED÷OÕGÕU��gUQH÷LQ�L. hyperborea’dan izole edilen alginat yüksek .-L-guluronik asit 

LoHUL÷LQH�VDKLSNHQ�A. nodosum ve L. japonica’GDQ�HOGH�HGLOHQ�DOJLQDW�G�ú�N�PLNWDUGD�
.-L-guluronik asit içerir. Alginat, polimer üzerinde düzenli tekrar eden birimlere 

VDKLS�GH÷LOGLU��*RPERW]�DQG�:HH��������� 

        
ùHNLO���� $OJLQDW�SROLPHULQLQ�\DSÕVÕ���D) Alginat monomerleri (M ve G); (b) Alginat polimeri;  

(c) Alginat polimerinin zincir dizisi. (Smidsrød and Draget, 1996). 
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E��$OJLQDW�MHO�ROXúXP�PHNDQL]PDVÕ 
 Alginat küreler, sodyum alginat çözeltisinin Ca2+, Sr2+ veya Ba2+ gibi iki 

GH÷HUOLNOL�oDSUD]�ED÷OD\ÕFÕ�o|]HOWL�LoLQH�GDPODWÕOPDVÕ�LOH�HOGH�HGLOLU��3E2+, Cu2+, Cd2+, 

Co2+, Ni2+, Zn2+ ve Mn2+� JLEL� LNL� GH÷HUOLNOL� NDW\RQODU� GD� DOJLQDW� MHOOHUL� oDSUD]�
ED÷OD\DELOLU� IDNDW� EX� NDW\RQODUÕQ� WRNVLVLWHVL� oR÷X� X\JXODPDGD� NXOODQÕPÕ�
VÕQÕUODPDNWDGÕU��-HOOHúPH�YH�oDSUD]�ED÷ODPD�JXOXURQLN�DVLW��]HULQGHNL�VRG\XP�L\RQX�
LOH� LNL� GH÷HUOLNOL� NDW\RQXQ� \HU� GH÷LúWLUPHVL� YH� ùHNLO� ���¶GH� J|VWHULOGL÷L� JLEL��
NDUDNWHULVWLN�\XPXUWD�NXWXVX�\DSÕVÕ�ROXúWXUPDN��]HUH��EX�JXOXURQLN�DVLW�JUXSODUÕQÕQ�
\Õ÷ÕOPDVÕ� LOH�ROXúXU� �5HHV�������� Alginat, poliguluronik asit birimlerinin kalsiyum 

YH\D�GL÷HU�LNL�GH÷HUOLNOL�NDW\RQODUÕQ�YDUOÕ÷ÕQGD�]LQFLU�LoL�GLPHUL]DV\RQ�LOH�G�]HQOL�D÷�
\DSÕVÕQD� JHoHUHN� MHOOHúLU��*UDQW�YH�DUNDGDúODUÕ� �������� MHOOHúPH� LúOHPLQLQ�kalsiyum 

L\RQODUÕQÕQ� D\QÕ� KL]D\D� JHOPLú LNL� DOJLQDW� ]LQFLULQLQ� *� EORNODUÕQD� ED÷ODQPDVÕ� LOH�
ROXúWX÷XQX�J|VWHUPLúWLU� Çubuk benzeri poliguluronik asit bölgeleri, düzenli bir çift 

]LQFLUOL� \DSÕ� ROXúWXUXU�� EX� \DSÕ� G�]HQOL� ELU� NRRUGLQDV\RQ� E|OJHVL� VD÷ODU��%X�E|lge, 

NDOVL\XP�YH�GL÷HU�LNL�GH÷HUOLNOL�NDW\RQODU�LoLQ�X\JXQ�ERúOX÷D�VDKLSWLU� Dimerizasyon 

E|OJHVL� SROLPDQQXULN� DVLW� ELULPOHULQLQ� ]LQFLU� VHNDQVÕ� LOH� VRQODQGÕUÕOÕU� �'DYLV� HW� DO���
2003).  
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ùHNLO�����<XPXUWD�NXWXVX�PRGHOL�RODUDN�DGODQGÕUÕODQ�MHOOHúPH�LúOHPL���6DEUD�HW�DO��������� 
  

øNL� GH÷HUOLNOL� NDW\RQ� .-L-JXOXURQLN� DVLW� EORNODUÕQD� \�NVHN� NRRSHUDWLIOLNWH�
ED÷ODQÕU�YH�NRRSHUDWLI�ELULPLQ�X]XQOX÷X����PRQRPHUGHQ�GDKD�ID]ODGÕU��*RPERW]�DQG�
:HH�� ������� $\UÕFD� DOJLQDWÕQ� 3E2+, Cu2+, Cd2+, Zn2+ ve Ca2+� JLEL� LNL� GH÷HUOLNOL�
NDW\RQODUD�RODQ� LOJLVLQLQ�JXOXURQLN�DVLW� LoHUL÷L� LOH�DUWWÕ÷Õ�J|]OHQPLúWLU�� øNL�GH÷HUOLNOL�
NDW\RQODU�LoLQ��SROLJXOXURQLN�DVLW�ELULPOHULQLQ�EX�\�NVHN�VSHVLILNOL÷L�&D2+¶Õ��YH�GL÷HU�
LNL�GH÷HUOLNOL�NDW\RQODUÕ��EDUÕQGÕUDQ�SROLJXOXURQLN�DVLW�ELULPOHULQLQ�]LJ�]DJ�\DSÕVÕ�LOH�
DoÕNODQDELOLU� �'DYLV� HW� DO��� ������� $OJLQDW� MHOLQ� NXYYHWL�� ]LQFLU� DUDVÕQGD� PH\GDQD�
JHOHQ� oDSUD]� ED÷� VD\ÕVÕQD�� oDSUD]� ED÷OD\ÕFÕ� L\RQXQ� W�U�QH� YH� ED÷ODQDQ� EORNODUÕQ�
X]XQOX÷XQD�ED÷OÕGÕU��6DEUD�HW�DO���������  
 Genel olarak çaSÕ� �� PP¶GHQ� E�\�N� N�UHOHU�� úÕUÕQJD� L÷QHVL� YH\D� SLSHW� LOH�
ROXúWXUXODELOLU� �*RPERW]� DQG� :HH�� ������� 6RG\XP� DOJLQDW� o|]HOWLVL� LNL� GH÷HUOLNOL�
oDSUD]� ED÷ODPD�o|]HOWLVLQH�GDPODWÕOGÕ÷ÕQGD�ROXúDQ�N�UHOHULQ�oDSÕ� L÷QHQLQ�ER\XWXQD�
ve alginat çözeltisinin viskozitesinH�ED÷OÕGÕU��%�\�N�oDSOÕ�L÷QH�YH�\�NVHN�YLVNR]LWHGH�
o|]HOWL� E�\�N� oDSOÕ� N�UHOHULQ� ROXúXPXQD� QHGHQ� ROXU�� 6RG\XP� DOJLQDWÕQ� YLVNR]LWHVL�
ROXúDQ�N�UHOHULQ�úHNOLQL�GH�HWNLOHU��6RG\XP�DOJLQDW�GHULúLPL�DUWWÕ÷ÕQGD�GDKD�\XYDUODN�
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N�UHOHU�ROXúXU��%XQXQOD�EHUDEHU��JHQHO�RODUDN����¶GHQ�GDKD�GHULúLN�VRG\XP�DOJLQDW�
o|]HOWLOHULQGHQ�N�UH�KD]ÕUODQPDVÕ�ROGXNoD�]RUGXU��*RPERW]�DQG�:HH���������ø\RQLN�
RODUDN�oDSUD]�ED÷OÕ�MHOLQ�oDSUD]�ED÷�VÕNOÕ÷Õ��PHNDQLN�|]HOOLNOHUL�YH�J|]HQHN�oDSÕ�0�YH�
*�RUDQÕ�LOH�YH\D�SROLPHU�]LQFLULQ�PROHN�OHU�N�WOHVLQLQ�GH÷LúWLULOPHVL�LOH�D\DUODQDELOLU�
(Drury and Mooney, 2003). 

 $OJLQDW� LoLQ� L\RQLN� oDSUD]� ED÷OD\ÕFÕ� RODUDN� NXOODQÕODQ� &D&O2 ile ilgili bir 

SUREOHP�� MHO� ROXúXPXQXQ� oRN� KÕ]OÕ� ROPDVÕ� YH� EXQXQ� VRQXFXQGD� LVH� KDILI� oDSUD]�
ED÷ODQPD� LOH� KRPRMHQ� ROPD\DQ� \DSÕQÕQ� ROXúXPXGXU� �Kuo and Ma, 2001). Az 

o|]�Q�U�NDOVL\XP� WX]ODUÕ�YH\D� LQHUW�HOHNWUROLWOHU�� MHOOHúPH�KÕ]ÕQÕ�G�ú�U�U�YH� MHOOHULQ�
PHNDQLN�GD\DQÕNOÕOÕ÷Õ�LOH�\DSÕVDO�G�]HQOLOL÷LQL�DUWWÕUÕU��%RLVVHVRQ�HW�DO���������� 

c) Alginat kürelerin fiziksel özellikleri 

 Kat\RQ� oDSUD]� ED÷OÕ� DOJLQDW� N�UHOHULQ� IRQNVL\RQHO� YH� IL]LNVHO� |]HOOLNOHUL�
SROLPHULQ� ELOHúLPLQH�� VHNDQV� \DSÕVÕQD� YH� PROHN�OHU� ER\XWXQD� ED÷OÕGÕU� Çözeltide 

DOJLQDW� SROLPHULQLQ� HVQHNOL÷L�0*!00!**� VÕUDVÕ� LOH� DUWDU��<�NVHN�.-L-guluronik 

DVLW� LoHUL÷LQH� VDKLS� DOJLQDWWDQ� \DSÕODQ� MHOOHU� ULMLW� YH� NÕUÕOJDQ� ROXUNHQ�� G�ú�N� .-L-

JXOXURQLN� DVLW� LoHUL÷L� MHOL� GDKD� HODVWLN� \DSDU�� (OHNWURQ� PLNURVNREX� NXOODQÕODUDN�
\DSÕODQ�NDOVL\XP�DOJLQDW�� MHO�N�UH�DQDOL]OHUL�J|]HQHN�JHQLúOL÷LQLQ����QP�LOH�����QP�
DUDVÕQGD� GH÷LúWL÷LQL� J|VWHUPLúWLU�� %�\�N� SURWHLQOHULQ� MHOGHQ� GLI�]\RQX� RQODUÕQ�
PROHN�O�D÷ÕUOÕNODUÕQD�ED÷OÕ�LNHQ�JOXNR]�YH�HWDQRO�JLEL�N�o�N�PROHN�OOHULQ�GLI�]\RQX�
DOJLQDW�PDWULNVL� WDUDIÕQGDQ�HWNLOHQPH]��&D2+�oDSUD]�ED÷OÕ�DOJLQDW� MHOLQ�SDUoDODQPDVÕ�
Ca2+� L\RQODUÕQÕQ�X]DNODúWÕUÕOPDVÕ�LOH�JHUoHNOHúWLULOLU��%X�LúOHP�JOLNRO-ELV��-aminoetil 

eter)-N,N,N',N'-WHWUDDVHWLN� DVLW� �(*7$��� ODNWDW�� VLWUDW� YH� IRVIDW� JLEL� úHODWOD\ÕFÕ�
DMDQODUÕQ� YH\D� 1D+ veya Mg2+� JLEL� L\RQODUÕQ� \�NVHN� GHULúLPOHULQLQ� NXOODQÕPÕ� LOH�
EDúDUÕODELOLU��*RPERW]�DQG�:HH�������� 
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1.�� øPPRELOL]H� 0LNURRUJDQL]PDODU� LOH� (QG�VWUL\HO� hUHWLPH�
Örnekler 

 

������øPPRELOL]H�PLNUREL\DO�K�FUHOHU�LOH�DQWLEL\RWLN��UHWLPL 
 

 $QWLEL\RWLN� �UHWLPL�� X\JXODPDOÕ� PLNUREL\RORMLGH� DQDKWDU� DODQODUGDQ� ELULGLU��
*HOHQHNVHO��UHWLP�NDUÕúWÕUPDOÕ�WDQN�UHDNW|UOHU�LoLQGH�JHUoHNOHúLU��%�\�PH�HúOLNOL�ELU�
LúOHP� ROPDGÕ÷Õ� LoLQ� VHUEHVW� K�FUHOHU� LOH� V�UHNOL� IHUPDQWDV\RQGD�DQWLEL\RWLN� �UHWLPL�
çok zordur. Hücre immobilizasyonu büyüme ile metabolik üretimi, metabolit 

YHULPLQL� HWNLOHPHGHQ� D\ÕUDELOGL÷L� LoLQ� X\JXQ� ELU� o|]�P� RODUDN� J|rülebilir. Bu 

\�]GHQ�� DQWLEL\RWLN� �UHWLPL� LoLQ� IDUNOÕ� GHVWHN�PDWULNVOHUL� �]HULQH� oHúLWOL�PLNUREL\DO�
W�UOHULQ� LPPRELOL]DV\RQX� oDOÕúPDODUÕ� \DSÕOPDNWDGÕU�� (Q� JHQLú� oDOÕúÕODQ� VLVWHP��
immobilize Penicillium chrysogenum hücrelerini kullanarak penisilin G üretimidir 

�5DPDNULVKQD�DQG�3UDNDVKDP���������*DXFKHU�YH�'HR�EX�IXQJXVXQ�NRQLGLDODUÕQÕ��-

NDUUDJHQDQ� LoLQH� LPPRELOL]H� HWPLúOHU� YH� SHQLVLOLQLQ� NHVLNOL� YH� V�UHNOL� �UHWLPLQGH�
NXOODQPÕúODUGÕU�� %XOJXODUÕQÕ� VHOLW� �]HULQH� LPPRELOL]H� HWWLNOHUL� IXQJXVODU� LOH�
NDUúÕODúWÕUGÕNODUÕQGD�VHOLW��]HULQH�DGVRUSVL\RQXQ��-NDUUDJHQDQ�LoLQH�WXWXNODPDGDQ�EHú�
NDW�GDKD��UHWNHQ�ROGX÷XQX�EXOPXúODUGÕU��'HR�DQG�*DXFKHU���������$GVRUEH�HGLOPLú�
K�FUHOHU��VHUEHVW�K�FUHOHUH�J|UH�PDNVLPXP�VSHVLILN�UHDNVL\RQ�KÕ]Õ�VHUJLOHPLúOHUGLU��
Bunun nedeni oksijenGHQ�GDKD�L\L�\DUDUODQPD�RODELOLU��%DúND�ELU�oDOÕúPDGD��&UX]�YH�
DUNDGDúODUÕ� ������� LPPRELOL]H� Cephalosporium acremonium ATCC 48272 

K�FUHOHULQL� DOXPLQD� YH� DOJLQDWD� LPPRELOL]H� HGHUHN� VHIDORVSRULQ� &� �UHWPLúOHUGLU��
6ULQLYDVXOX�YH�DUNDGDúODUÕ���������DOJLQDW��]Hrine immobilize ettikleri Streptomyces 

marinensis� K�FUHOHULQL� NXOODQDUDN� QHRPLVLQ� �UHWLPLQL� RSWLPL]H� HWPLúOHUGLU�� %X�
oDOÕúPDODUÕ� VRQXQGD�� �� �¶OLN� DOJLQDW� o|]HOWLVL�� ����� 0� &D&O2 ve 1 saat küre 

ROJXQODúPD�]DPDQÕ�LOH�PDNVLPXP�QHRPLVLQ��UHWLPL�HOGH�HWPLúOHUGLr. Çizelge 1.2’de 

LPPRELOL]H� PLNUREL\DO� K�FUHOHU� WDUDIÕQGDQ� �UHWLOHQ� DQWLEL\RWLNOHULQ� OLVWHVL�
görülmektedir. 
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dL]HOJH�����øPPRELOL]H�PLNUREL\DO�K�FUHOHU�WDUDIÕQGDQ��UHWLOHQ�DQWLEL\RWLNOHU� 
Antibiyotik Mikroorganizma Destek  

Aktinomisin D Streptomyces parvullus Ca-alignate 

Basitrasin Bacillus sp. Poliakrilamid 

Kandisidin Streptomyces griseus κ-karragenan 

Sefalosporin Streptomyces clavuligerus 3ROLDNULODPLG�KLGUD]LW��SDPXN�NXPDú 
Klortetrasiklin Streptomyces aureofacino Ca-alignate 

Siklosporin A Tolypociadium inflatum κ-karragenan, selit 

Daunorubisin Streptomyces euceitus Ca-alignate 

Eritromisin Streptomyces erythreus Ca-alignate 

Hibrit antibiyotik Streptomyces lividans .HQGLOL÷LQGHQ�ROXúDQ�DJUHJDWODU 
6APA Escherichia coli Ca-alignate 

Mitramisin Streptomyces iverini Agar 

Neomisin Streptomyces fradiae Selüloz küreler 

Nikkomisin Streptomyces tendae Ca-alignate 

Patulin Penicillium urticae κ-karragenan 

Penisilin G Penicillium chrysogenum Poliakrilamid selit, κ-karragenan 

Rifamisin B Streptomyces rimosus Cam yünü 

Tinamisin Streptomyces cattleya Selit 

Tilosin Streptomyces sp. Ca-alignate 

(Ramakrishna and Prakasham, 1999) 

 

������øPPRELOL]H�PLNUREL\DO�K�FUHOHU�LOH�RUJDQLN�DVLW��UHWLPL 
 

 2UJDQLN�DVLWOHU��JÕGD�YH�PHGLNDO�DODQODU�JLEL�oHúLWOL�X\JXODPDODUGD�NXOODQÕODQ�
önemli bir mikrobiyal üründür. Tüm organik asitler içinde, sitrik asit ticari 

EL\RWHNQRORMLGH� HQ� EDVNÕQ� SR]LV\RQGD� \HU� DOÕU��A. niger sitrik asit üretimi için en 

\D\JÕQ� NXOODQÕODQ� PLNURRUJDQL]PDGÕU�� *HOHQHNVHO� RODUDN� A. niger’in kesikli 

IHUPDQWDV\RQX� NXOODQÕOÕU�� )XQJDO� IHUPDQWDV\RQ�� E�\�PH� LOH� DUWDQ� YLVNR]LWH� YH�
K�FUHOHUH� HNVLN�RNVLMHQ� VD÷ODQPDVÕ�JLEL� FLGGL�GH]DYDQWDjlara sahiptir. Bu durumda, 

N�OW�UOHULQ� ERO� PLNWDUGDNL� VWHULO� RNVLMHQ� LOH� KDYDODQGÕUÕOPDVÕ� JHUHNPHNWHGLU��
øPPRELOL]H� K�FUHOHU� GXUXPXQGD�� E�\�PH� VÕQÕUODQGÕ÷Õ� LoLQ� YLVNR]LWHGH� ELU� GH÷LúPH�
ROPDGDQ� IHUPDQW|U� oDOÕúDELOLU� YH� EX� VHEHSOH� PLQLPXP� ND\ÕS� LOH� L\L� ELU� oksijen 

WUDQVIHU�KÕ]ÕQD�XODúPDN�NROD\ODúÕU��A. niger�LPPRELOL]DV\RQX�LoLQ�HQ�ID]OD�NXOODQÕODQ�
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PHWRWODU�� DOJLQDW� MHOOHUH�� DJDUR]D�YH�SROLDNULODPLGH� WXWXNODPDGÕU� �5DPDNULVKQD�DQG�
Prakasham, 1999).  

/DNWLN� DVLGLQ� IHUPDQWDV\RQ� LOH� �UHWLPLQL� JHOLúWLUPHN� LoLQ� LPmobilize hücre 

WHNQRORMLOHULQLQ� NXOODQÕPÕ� GHQHQPLúWLU� �7D\� DQG� <DQJ�� ������� Lactobacillus 

helveticus ve Rhizopus oryzae immobilize hücre halinde laktik asit üretiminde 

NXOODQÕODQ� HQ�|QHPOL�PLNURRJDQL]PDODUGÕU�� øPPRELOL]DV\RQ� WHNQL÷L� RODUDN� DOXPLQD�
ve pamuk�NXPDúD�LPPRELOL]DV\RQ�WHUFLK�HGLOPLúWLU� 

6HUDPLN� GHVWH÷H� �.RQGR� HW� DO��� ������ YH� NDUUDJHQDQ� �2VXJD� HW� DO��� ������
�]HULQH� LPPRELOL]H� HGLOPLú� Acetobactor sp. hücreleri ile asetik asit üretimi de 

JHUoHNOHúWLULOPLúWLU�� $\UÕFD�� VHO�OR]� NXPDú� �]HULQH� LPPRELOL]H� HGLOPLú� A. niger 

K�FUHOHUL�LOH�JOXNRQLN�DVLW��UHWLPL�JHUoHNOHúWLULOPLúWLU��6DQNSDO�HW�DO���������dL]HOJH�
���¶GH� LPPRELOL]H� PLNURRUJDQL]PDODU� WDUDIÕQGDQ� �UHWLPL� JHUoHNOHúWLULOHQ� RUJDQLN�
DVLWOHU�OLVWHOHQPLúWLU�� 
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dL]HOJH�����øPPRELOL]H�PLNURRUJDQL]PDODU�WDUDIÕQGDQ��UHWLOHQ�RUJDQLN�DVLWOHU� 
 

 

Asit  

 

 

Mikroorganizma 

 

 

Destek  

Sitrik asit A. niger Na-alginate 

Sitrik asit A. niger Agaroz 

Sitrik asit A. niger øNL�\|QO��KROORZ�ILEHU 
Sitrik asit A. niger Poliakrilamid 

Sitrik asit A. niger Poliüretan köpük 

Sitrik asit Yarrowia lipolitica dHúLWOL�GHVWHNOHU 
Sitrik asit Yarrowia lipolitica Na-selüloz sülfat 

Laktik asit Lactobacillus delbreackii Reçine 

Laktik asit Lactobacillus cusei Reçine 

Laktik asit Lactobacillus lactis ssp. lactis Ca-alginate 

Laktik asit Lactobacillus helveticus dHNLUJH�IDVXO\HVL�VDNÕ]�MHOL 
Laktik asit Streptococcus faecalis Polipropilen 

Laktik asit Sporolactobacillus cellulosolvens Na-alginate 

Laktik asit Pediococcus halophilus Gözenekli alümina küreler 

Laktik asit Rhizopus orisae Polietilen glikol dimetakrilat 

Laktik asit Aspergillus awamori Ca-alginate 

Asetik asit Acetobacter sp. K-1024 κ-karragenan 

Glukonik asit A. niger Ca-alginate 

Kojik asit Aspergillus orizae Alginate 

Fumarik asit Rhizopus archizus .LO��úLúH�PDQWDUÕ 
Süksinik asit Maya Na-alginate 

Giberelik asit Gibberella fujikuroi Ca-alginat 

Vanilik asit Pseudomonas fluorescens Na-alginate 

øWDNRQLN�DVLW Aspergillus terreus Poliüretan 

(Ramakrishna and Prakasham, 1999) 

 

������øPPRELOL]H�PLNUREL\DO�K�FUHOHU ile enzim üretimi 

 

0LNURRUJDQL]PDODU�\DUDUOÕ�HQ]LPOHULQ��UHWLPL�LoLQ�HQ�L\L�ND\QDNWÕUODU��+�FUH�
immobilizasyon teknolojisi, ekstraselüler enzimlerin üretimi için uygundur. Sürekli 

HQ]LP��UHWLPLQGH�K�FUH�LPPRELOL]DV\RQ�WHNQLNOHULQLQ�NXOODQÕOPDVÕQD�NDUúÕ�DUtan bir 
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LOJL�YDUGÕU��0LNUREL\DO�HQ]LPOHU�DUDVÕQGD�QLúDVWD�SDUoDOD\DQ�.-amilaz ve glukoamilaz 

HQ� oRN� oDOÕúÕODQ� HQ]LPOHUGLU��5DPDNULVKQD� YH� DUNDGDúODUÕ� �������� NDOVL\XP� DOJLQDW�
içine Bacillus cereus’XQ�LPPRELOL]DV\RQXQX�YH�WHUPR�GD\DQÕNOÕ�.-DPLOD]ÕQ�DNÕúNDQ�
\DWDN� YH� GROJX� \DWDN� UHDNW|UOHULQGH� V�UHNOL� �UHWLPLQGH� NXOODQÕOPDODUÕQÕ� UDSRU�
HWPLúOHUGLU�� 

6RQ�\ÕOODUGD�� VHO�OR]LN�PDWHU\DOOHULQ� HQ]LPDWLN� KLGUROL]L�� EX�PDWHU\DO�� \DNÕW�
KDOLQH� G|Q�úHELOGL÷LQGHQ� GROD\Õ� E�\�N� LOJL� oHNPHNWHGLU�� 6HO�OD]ÕQ� V�UHNOL� �UHWLPL�
için immobilize Tricoderma reesei�NXOODQÕPÕ�KDNNÕQGD�oHúLWOL�oDOÕúPDODU�YDUGÕU��%X�
IXQJXVXQ�� SROLHVWHU� NXPDúD�� QRQZRYHQ� PDWHU\DOOHUH�� YH� VHO�OR]LN� NXPDúODUD�
LPPRELOL]DV\RQX� oDOÕúPDODUÕ� \DSÕOPÕúWÕU�� Rhizopus chinensis, Aspergillus niger, 

Candida rugosa ve Sporotrichum thermophile; Apinis, JLEL� oHúLWOL� PLNUREL\DO�
K�FUHOHULQ�LPPRELOL]DV\RQX�LOH�OLSD]��UHWLPL�KDNNÕQGD�ELUoRN�oDOÕúPD�EXOXQPDNWDGÕU��
Penisilin açilaz, 6-amino penisilik asit (6 APA) ve fenil asetik asidin ticari 

�UHWLPLQGH�NXOODQÕODQ�HQ�|QHPOL�HQ]LPGLU����$3$��DPSLVLOLQ�YH�DPRNVLOLQ�JLEL�\DUÕ�
VHQWHWLN�DQWLEL\RWLNOHULQ��UHWLOPHVLQGH�NXOODQÕOÕU��E. coli ve Bacillus megaterium bu 

enzimin potansiyel üreticisi olarak bilinirler (Ramakrishna and Prakasham, 1999). 

Çizelge 1.4’de immobilize mikroorganizmalar taUDIÕQGDQ��UHWLOHQ�HQ]LPOHUH�|UQHNOHU�
YHULOPLúWLU� 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30 

dL]HOJH�����øPPRELOL]H�PLNURRUJDQL]PDODU�WDUDIÕQGDQ��UHWLOHQ�HQ]LPOHU� 
 

Enzim 

 

Mikroorganizma 

 

Destek 

Peptidaz Maya ENT-2000 

β-amilaz Bacillus megaterium Akrilamid 

Glukoamilaz Aureobasidium pullulans Ca-alginate 

Ribonükleaz Aspergillus clavatus PVA 

Proteaz Humicola lutea Wort agar 

Alkalin fosfataz Escherichia coli κ-karragenan 

Glukoz oksidaz A. niger %X÷GD\��oDGYDU 
Kitinaz Micromonospora chalcae Ca-alginate 

Hidantinaz Pseudomonas sp. Poliakrilamid 

Pektinaz A. niger %X÷GD\ 

øQYHUWD] Maya Polimer 

α-amilaz Escherichia coli κ-karragenan 

Amiloglukozidaz A. niger Ca-alginate 

Selülaz Trichoderma reesei Selülozik fiber 

Penisilin açilaz Escherichia coli 3ROLDNULODPLG�DJDU�\D÷Õ 
CGTaz Bacillus cereus, B. circulans Ca-alginate 

Kloroperoksidaz Caldariomyces fumago κ-karragenan 

Lipaz Sporotrichum thermophile Alginate 

Lignin peroksidaz Phanerachaete chysogenum Polistren-divinil benzen 

Pullulanaz Clostridium sp. Ca-alginate 

Ksilanaz Aspergillus sydowii Ca-alginate 

(Ramakrishna and Prakasham, 1999) 

 

������øPPRELOL]H�PLNUREL\DO�K�FUHOHU�LOH�DONRO��UHWLPL 
 

 øPPRELOL]H� PD\D� K�FUHOHUL� NXOODQÕODUDN� HWDQRO� �UHWLPL� HQ� oRN� oDOÕúÕODQ�
VLVWHPOHUGHQ�ELULGLU��-HOH�WXWXNODPD��oHúLWOL�WDúÕ\ÕFÕ�\�]H\OHUH�DGVRUSVL\RQ�YH�oDSUD]�
ED÷ODPD�JLEL�KHPHQ�KHPHQ�W�P�LPPRELOL]DV\RQ�PHWRWODUÕ�DONRO�IHUPDQWDV\RQX�LoLQ�
GHQHQPLúWLU�� øPPRELOL]H� Saccharomyces cerevisiae� LOH� HWDQRO� �UHWLPL� KDNNÕQGD�
oDOÕúPDODU�EXOXQPDNWDGÕU� �6UHH�HW�DO���������)XMLL�HW�DO����������$\UÕFD�Zymomonas 

mobilis’in�DONRO��UHWLPLQGH�NXOODQÕPÕ�LOH�LOJLOL�oDOÕúPDODU�GD�EXOXQPDNWDGÕU��$PXWKD�
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DQG� *XQDVHNDUDQ�� ������� 1RMLPD� �������� LPPRELOL]H� FDQOÕ� PD\D� K�FUHOHULQL�
NXOODQDUDN�E�\�N�PLNWDUODUGD�V�UHNOL�DONRO�IHUPDQWDV\RQXQX�UDSRU�HWPLúWLU��%XUDGD�
maya, foto-oDSUD]� ED÷ODQDELOHQ� UHoLQH� LOH� NDUÕúWÕUÕOPÕú� VRQUDVÕQGD� ÕúÕN� ND\QD÷Õ� LOH�
SROLPHUL]H�HGLOPLúWLU� 
 (WDQRO� \DQÕQGD�� VRUELWRO�� JOLVHURO�� SURSDQ-di-ol, 2,3-bütan-di-ol, çözgenler 

(aseton, bütanol, etanol), mannitol ve ksilitol gibi alkollerin de immobilize 

PLNURRUJDQL]PDODU� LOH� �UHWLP� oDOÕúPDODUÕ� YDUGÕU�� dL]HOJH� ���¶GH� LPPobilize 

PLNURRUJDQL]PDODU�WDUDIÕQGDQ��UHWLOHQ�DONROOHU�YH�o|]JHQOHU�YHULOPLúWLU� 
 

dL]HOJH�����øPPRELOL]H�PLNURRUJDQL]PDODU�WDUDIÕQGDQ��UHWLOHQ�DONROOHU�YH�o|]JHQOHU� 

(Ramakrishna and Prakasham, 1999) 

Alkol Mikroorganizma Destek 

Etanol Zymomonas sp. Reçine jel 

Etanol Maya Polimer 

Etanol Maya Ca-alginate 

Etanol Zymomonas mobilis Lifli matriks 

Etanol Maya Ca-alginate 

Etanol Maya Alginate 

Etanol Kluyveromyce marxious Alginate 

Etanol Maya PVA 

Etanol Saccharomyces cerevisiae 0LNURWDúÕ\ÕFÕODU 
Etanol Maya Ca-alginate 

Aseton, bütanol, etanol Clostridium acetobutylicum .|P�UOHúPLú�NHPLN 

Bütanol Clostridium acetobutylicum κ-karragenan 

2,3-bütandiol Klebsiella pneumoniae Ca-alginate 

2,3-bütandiol Klebsiella oxytoca, Kluyveromyces lactis Kitosan + cam yünü 

Bütanol Clostridium sp. Ca-alginate 

Gliserol Saccharomyces cerevisiae 7RSDNODQPÕú�FDP 

Gliserol Citrobacter fraundii Polimetan 

Aseton, Bütanol Citrobacter acetobutylicum κ-karragenan, kitosan 

Metanol Methylosinus trichosporium DEAE selüloz 

Sorbitol Zymomonas mubilis κ-karragenan gluteraldehit 

Ksilitol Condida pelliculosa, Methanobacterium sp. )RWRoDSUD]�ED÷OÕ�UHoLQH� 
ENT 4000 
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������øPPRELOL]H�PLNUREL\DO�K�FUHOHU�LOH�EL\RWUDQVIRUPDV\RQ 

 

 øPPRELOL]H� K�FUHOHUL� NXOODQDQ� EL\RWUDQVIRUPDV\RQ� DODQÕ� VRQ� \ÕOODrda büyük 

JHOLúPH� ND\GHWPLúWLU�� )DUPDVNRWLN� ELOHúLNOHULQ� �UHWLPL� LoLQ� VWHURLG�
EL\RWUDQVIRUPDQV\RQXQD�RODQ�WLFDUL�LOJL�EX�DODQD�RODQ�LOJL\L�WHWLNOHPLúWLU��.RUWL]RO�Q�
d-1-dehidrojenasyonu için immobilize Arthrobacter simplex’in potansiyeli 

LQFHOHQPLúWLU� (Ramakrishna and Prakasham, 1999)�� øPPRELOL]H� Pseudomonas sp. 

+=���� K�FUHOHUL� NXOODQÕODUDN� YDOLGDPLVLQ� $¶QÕQ� YDOLHQDPLQH� WUDQVIRUPDQV\RQX�
oDOÕúÕOPÕúWÕU��=KHQJ�HW�DO����������.DULJDU�YH�DUNDGDúODUÕ���������DOJLQDW�LPPRELOL]H�
ettikleri Arthrobacter citreus’u fenRO� GHJUHGDV\RQXQGD� NXOODQPÕúODUGÕU�� <DSÕODQ�
EDúND� ELU� oDOÕúPDGD�� EDU\XP� DOJLQDWD� LPPRELOL]H� HGLOPLú� Candida guilliermondii 

&&7������K�FUHOHU�LOH�QLWULOOHULQ�EL\RG|Q�ú�P�Q��JHUoHNOHúWLUPLúOHUGLU��'LDV�HW�DO���
2001). 

 

1.5 Aspergillus�7�UOHUL�+DNNÕQGD�*HQHO�%ilgiler 

 

Aspergillus�� )XQJL� DOHPLQGH�� $VFRP\FRWD� ILOXPX�� (XURWLRP\FHWHV� VÕQÕIÕ��
(XURWDLOHV� DOW� VÕQÕIÕ� �RUGHU��� 7ULFKRFRPDFHDH� VR\XQGD� \HU� DODQ� ELU� W�UG�U�
(www.indexfungorum.org). 

Aspergillus Nigri� VÕQÕIÕ� >HVNL� DGÕ� LOH� Aspergillus niger (A. niger) grubu] 

üyHOHUL�JHQLú�oHúLWOLOLNWHNL�RUWDPODUGD�E�\�\HELOLU�YH�G�Q\D�oDSÕQGD�\D\ÕOPÕúWÕU��(Q�
\D\JÕQ� oHúLW� RODQ� A. niger� ELU� SDWRMHQ� RODUDN� NDEXO� HGLOPHVLQH� UD÷PHQ�� EX� W�U�Q�
�\HOHUL� JHQHOOLNOH� ]DUDUVÕ]�RODUDN�NDEXO� HGLOLU��%LUoR÷X�JÕGD� LúOHPOHULQGH�NXOODQÕODQ�
ekstrasHO�OHU� HQ]LPOHULQ� YH� RUJDQLN� DVLWOHULQ� \D\JÕQ� ND\QD÷ÕGÕU�� 6L\DK� NRORQLOHU�
JHOLúWLUHQ�W�P�Aspergillus�L]RODWODUÕQÕQ�A. niger�RODUDN�WDQÕPODQPDVÕ�oRN�\D\JÕQGÕU�YH�
ED]HQ� D\QÕ� L]RODW� N�OW�U� NROHNVL\RQODUÕQGD� IDUNOÕ� W�U� DGODUÕ� DOWÕQGD� VDNODQÕU��
Biyoteknolojik öQHPL�QHGHQL�LOH�EX�W�UOHULQ�WDQÕPODQPDVÕ�EHOLUJLQ�ROPDOÕGÕU��$EDUFD�
et al., 2004). 

Raper ve Fennell (1965), Aspergillus�W�UOHULQL��XQLVHULDWH��NRQLGLD\Õ�ROXúWXUDQ�
WHN�VÕUD�SDOLVDGH�K�FUHVL��YH\D�ELVHULDWH��oLIW�VÕUD�SDOLVDGH�K�FUHVL��ROPDODUÕQD�J|UH��
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konidLRIRUODUÕQ� \DSÕVÕQD�� NRORQL� YH� NRQLGLDO� NDIDQÕQ� úHNOLQH�� NRQLGLDQÕQ� úHNOLQH� YH�
&]DSHN� DJDUGD� �UHPH� KÕ]ODUÕQD� J|UH�� ��� DOW� W�UH� YH� �� YDU\HWH\H� D\ÕUPÕúWÕU�� ùHNLO�
���¶GH� XQLVHULDWH� YH� ELVHULDWH� \DSÕODUÕ� LOH� ED]Õ� NRQLGLDO� EDú� YH� NRQLGLD� UHVLPOHUL�
görülmektedir�� 5HQNOHUL� NDKYHUHQJLGHQ� VL\DKD� GH÷LúHQ� VSRUODUD� VDKLS� Aspergillus 

türleri A. niger� JUXEXQX� ROXúWXUXU�� %X� JUXS� �\HOHULQLQ� oRN� GH÷LúNHQ� ROPDODUÕQD�
UD÷PHQ�VDGHFH�ELUNDo�W�U�GL÷HU�oR÷XQOXNWDQ�NROD\OÕNOD�D\UÕODELOLU�GROD\ÕVÕ�LOH�RQODUÕ�
W�UOHUH� D\ÕUPDN� oRN� NROD\GÕU� �|UQ�� A. carbonarius, A. japonicus, A. ellipticus, A. 

heteromorphus ve A. aculeatus���'L÷HU�W�UOHUL�LoLQH�DODQ�W�P�VL\DK�Aspergillus türleri 

oRN�]RU�D\ÕUW�HGLOLU��A. ficuum, A. phoenicis, A. niger ve A. awamori çok önemlidir. 

Pratik olarak türün bu grubu A. niger�YDQ�7LHJKHP�RODUDN�DGODQGÕUÕOÕU��$O-Musallam 

(1980), tüm morfolojik ve kültürel ve parametreleri içeren küme analizleri kullanarak 

EX� IXQJXV� JUXEXQXQ� WDNVRQRPLVLQL� HOGHQ� JHoLUPLúWLU�� ����� \ÕOÕQGD� 6DPVRQ� YH� 3LWW�
Aspergillus niger’in genetik takVRQRPLVLQL�\DSPÕúODUGÕU��6DPVRQ�DQG�3LWW�������� 

 

           ������������ùHNLO������Aspergillus�NRQLGLRIRUODUÕQÕQ�\DSÕODUÕ� a) Uniseriate Aspergillus konidioforu;  
            a.1) A. japonicus�YDU��DFXOHDWXV�NRQLGLDO�EDú��D����A. japonicus var. aculeatus NRQLGLDVÕ�� 
            b) Biseriate Aspergillus konidioforu; b.1) A. carbonarius�NRQLGLDO�EDú��E����A. carbonarius  
������������NRQLGLDVÕ��E����A. niger�DJJUHJDWH�NRQLGLDO�EDú��E��� A. niger�DJJUHJDWH�NRQLGLDVÕ��$EDUFD�HW� 
            al., 2004) 
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Siyah aspergilli�HQG�VWUL\HO�DPDoODU�LoLQ�ERO�NXOODQÕOÕU�YH�DUDúWÕUÕOÕU��$V\D¶GD�
GL÷HU� IXQJXVODUD� QD]DUDQ� IHUPHQWH� JÕGD� YH� PHúUXEDW� �UHWLPLQGH� JHQLú� RODUDN�
NXOODQÕOÕU�� A. niger¶LQ� ELULQFLO� NXOODQÕPÕ� IHUPDQWDV\RQ� LOH� RUJDQLN� DVLW� YH� HQ]LP�
�UHWLPLGLU� YH� LQVDQ� VD÷OÕ÷ÕQD� KLoELU� \DQ� HWNLVL� ROPDGDQ� X]XQ� ELU� V�UHGLU�
NXOODQÕOPDNWDGÕU��$EDUFD�HW�DO���������� 

A. niger ve Aspergillus aculeatus� JLEL� GL÷HU� VL\DK� Aspergillus türleri 

WDUDIÕQGDQ� �UHWLOHQ� IXQJDO� HQ]LPOHULQ� JHQLú� oHúLWOLOL÷L� JÕGD� LúOHPHGH� NXOODQÕOPDNWD�
olup bugün bu� W�UOHULQ� UHNRPELQDQW� VR\ODUÕQGDQ� HOGH� HGLOHQ� ELUoRN� HQ]LP� �U�Q��
piyasada mevcuttur. A. niger��SXOPRQDU\�DVSHUJLORVLV�VDOJÕQODUÕ�LOH�LOLúNLOL�HQ�\D\JÕQ�
�o�QF�� W�UG�U� YH� DVSHUJLORPD\D� VHEHS� RODQ� HWNHQOHUGHQGLU�� øQVDQ� YH� KD\YDQODUGD�
LNLQFL�]DUDUÕ�LVH��UHWWLNOHUL�PLNRWRNVLQOHU�QHGHQL\OH�RUWD\D�oÕNDQ�WRNVLVLWHGLU��A. niger 

L]RODWODUÕ�� PDOIRUPLQOHU� YH� QDIWRSLURQODU� JLEL� oHúLWOL� WRNVLN� PHWDEROLWOHUL� �UHWLUOHU�
(Abarca et al., 2004).  

 

1.5.1 Aspergillus niger 

 

A. niger�� RUJDQLN� PDGGHOHU� �]HULQGH� DHURELN� NRúXOODU� DOWÕQGD� JHOLúHQ�
ILODPHQWOL�ELU�IXQJXVGXU��'R÷DGD��WRSUDN��o|S�YH�o�U�\HQ�ELWNL�PDWHU\DOOHUL��]HULQGH�
bulunur. A. niger�� JHQLú� ELU� VÕFDNOÕN� DUDOÕ÷ÕQGD� E�\�\HELOLU� ��–47 °C) ve optimum 

VÕFDNOÕ÷Õ�J|UHFHOL�RODUDN���–����&�JLEL�\�NVHN�ELU�GH÷HUGLU��%�\�PH\L�VÕQÕUlayan su 

DNWLYLWHVL� GL÷HU� $VSHUJLOOXV� W�UOHUL� LOH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� \�NVHN� ELU� GH÷HU� RODQ�
����¶GLU�� $\UÕFD� A. niger 1,4–���� JLEL� JHQLú� ELU� S+� DUDOÕ÷ÕQGD� JHOLúHELOLU�� %X�
|]HOOLNOHU� YH� KDYD� LOH� GD÷ÕODQ� NRQLGLRVSRUODUÕQ� YHULPOL� �UHWLPL� EX� W�U�Q�� VÕFDN� YH�
nHPOL� E|OJHOHUGH� GDKD� VÕN� ROPDN� �]HUH�� JHQLú� ELU� \D\ÕOÕP� J|VWHUPHVLQL� VD÷ODU�
(Schuster et al., 2002). 

A. niger��EL\RWHNQRORMLGH�NXOODQÕODQ�HQ�|QHPOL�PLNURRUJDQL]PDODUGDQ�ELULGLU��
2QODUFD�\ÕOGÕU�HNVWUDVHO�OHU�HQ]LPOHU�YH�VLWULN�DVLW��UHWLPLQGH�NXOODQÕOPÕúWÕU. Bunlara 

ek olarak, A. niger� EL\RWUDQVIRUPDV\RQ� YH� DWÕN� DUÕWÕPÕQGD� NXOODQÕOPDNWDGÕU�� 6RQ�
\LUPL�\ÕO�LoLQGH�A. niger�JÕGD�LúOHWPHOHULQGH�NXOODQÕODQ�HQ]LPOHULQ��UHWLPLQGH�|QHPOL�
ELU�WUDQVIRUPDV\RQ�DUDFÕ�ROPXúWXU��6FKXVWHU�HW�DO����������3UDWLNWHNL�LON�|QHPL�1919 
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\ÕOÕQGD���UHWPLú�ROGX÷X�\�NVHN�RUDQGDNL�VLWULN�DVLGLQ�HQG�VWUL\HO�RODUDN�NXOODQÕOPDVÕ�
LOH�JHUoHNOHúPLúWLU��(NRQRPLN�|QHPL�GDKD�D]�ROPDVÕQD�UD÷PHQ�JOXNRQLN�YH�IXPDULN�
asit de A. niger�WDUDIÕQGDQ��UHWLOPHNWHGLU��%XQXQ�\DQÕQGD������¶ODUGDQ�EHUL�A. niger 

PH\YH� LúOHPH�� SLúLUPH�� QLúDVWD� YH� JÕGD� HQG�VWULVLQGH� NXOODQÕODQ� JHQLú� oHúLWOLOLNWHNL�
HQ]LPOHULQ�ND\QD÷Õ�ROPXúWXU��*HQ�WHNQRORMLVL��A. nigeULQ�\DEDQFÕ�SURWHLQOHULQ��UHWLPL�
LoLQ� NXOODQÕOPDVÕQGD� YH� �UHWLP� LúOHPOHULQLQ� JHOLúWLULOPHVLQGH� EDúDUÕOÕ� ELU� úHNLOGH�
uyJXODQPÕúWÕU��6FKXVWHU�HW�DO���������� 

6LWULN�DVLW�JÕGD�YH�PHúUXEDW��UHWLPLQGH�ELULQFLO�DVLWOH\LFLGLU��6LWULN�DVLW�D\UÕFD��
\XPXúDN� LoNLOHU��PH\YH� VXODUÕ�� WDWOÕODU�� UHoHOOHU�� MHODWLQOHU�� úHNHUOHPH� YH� úDUDS� JLEL�
JÕGDODUGD� GD� NXOODQÕOPDNWDGÕU�� øODo� HQG�VWULVLQGH�� GHPLU� VLWUDW� GHSRODQPÕú� NDQ� LoLQ�
NRUX\XFX� RODQ� GHPLU� YH� VLWULN� DVLW� ND\QD÷Õ� RODUDN�� NR]PHWLN� HQG�VWULVLQGH� LVH� S+�
D\DUODPDGD�ELU�WDPSRQ�YH�ELU�DQWLRNVLGDQ�RODUDN�NXOODQÕOPDNWDGÕU��'HWHUMDQ��GHUL�YH�
elektrokaplama gibi endüstriyel uygulamalarda da kullaQÕOPDNWDGÕU�� 6LWULN� DVLW��
YHULPL� \�NVHN� ROGX÷X� YH� \DQ��U�QOHULQ�PLQLPDO� ROGX÷X��A. niger ve A. wentii’nin 

IHUPDQWDV\RQX�LOH��UHWLOLU��*ÕGD�YH�øODo�<|QHWLPL��)'$��A. niger¶L�VLWULN�DVLW�ND\QD÷Õ�
RODUDN�OLVWHOHPLúWLU��6FKXVWHU�HW�DO���������� 

Sitrik aside ek olarak, A. niger�]HQJLQ�ELU�HQ]LP�ND\QD÷ÕGÕU��3HNWLQD]��SURWHD]�
ve amiloglukozidaz ilk üretilenlerdendir ve orijinal olarak yüzey kültürü ile elde 

HGLOLU�� 6HO�OD]� YH� KHPLVHO�OD]� JLEL� HQ]LPOHU� $VSHUJLOOXV� W�UOHUL� NXOODQÕODUDN�
NDUÕúWÕUPDOÕ�WDQNODUGD��UHWLOPLúWLU��6FKXVWHU�HW�DO��������� 

*OXNRDPLOD]� RODUDN� GD� DQÕODQ� DPLORJOXNR]LGD]�� .-1,4-D-JOXNR]LGLN� ED÷ODUÕ�
KLGUROL]OH\HUHN�QLúDVWDQÕQ�LQGLUJHQ�ROPD\DQ�XFXQGDQ�JOXNR]�ELULPOHULQLQ�D\UÕOPDVÕQÕ�
NDWDOL]OH\HQ� ELU� HN]RDPLOD]GÕU�� *OXNR]� YH� DONRO� NXOODQDQ� HQG�VWUL� NROODUÕ�A. niger 

WDUDIÕQGDQ��UHWLOHQ�DPLORJOXNRVLGD]ÕQ�ELULQFLO�NXOODQÕFÕODUÕGÕU��6FKXVWHU�HW�DO��������� 
3HNWLQ�� WLFDUL� RODUDN� |QHPOL� PH\YH� YH� VHE]HOHULQ� ELULQFLO� ELOHúHQL� RODQ� ELU�

heteropolisakkarittir. A. niger� WDUDIÕQGDQ� �UHWLOHQ� SHNWLQ� HVWHUD]�� HQGR- ve ekzo- 

SROLJDODNWXURQLGD]� YH� SHNWLQ� OL\D]ODUÕ� LoHUHQ� ELUoRN� HQ]LP�� SHNWLQL� SDUoDODU�� %X�
HQ]LPOHU��SUHVOHPH�|QFHVL�PH\YH�VX\X�YLVNR]LWHVLQL�G�ú�UPHGH�YH�EHUUDNODúWÕUPD\Õ�
JHOLúWLUPH� DúDPDODUÕQGD� úDUDS� YH�PH\YH�VX\X��UHWLPLQGH�NXOODQÕOÕUODU� �*UDVVLQ�DQG�
Fauguenbergue, 1999).  
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A. niger’GHQ�HOGH�HGLOHQ�JOXNR]�RNVLGD]�YH�NDWDOD]��WHPHO�RODUDN�WDQÕVDO�HQ]LP�
NLWOHUL� LOH� JOXNR]� EHOLUOHPHGH�� JOXNR]� YH\D� RNVLMHQLQ� JÕGD� YH� PHúUXEDWODUGDQ�
X]DNODúWÕUÕOPDVÕQGD� YH� JOXNR]GDQ� JOXNRQLN� DVLW� �UHWLPLQGH� NXOODQÕOÕU� �%HUND� HW� DO�� 
1992).  

$PHULND�ELUOHúLN�GHYOHWOHULQGH�)'$��SHN�oRN�HQ]LPLQ�JÕGDODUGD�NXOODQÕPÕQD�
L]LQ�YHUPLúWLU��%XQD�J|UH�)'$�����¶ODUÕQ�EDúÕQGD��SDWRMHQLN�YH�WRNVLMHQLN�ROPD\DQ�
W�UOHU�LOH�L\L��UHWLP�NRúXOODUÕQÕQ�VD÷ODQPDVÕ�GXUXPXQGD��A. niger’GHQ�HOGH�HGLOHQ�.-

amilaz,� VHO�OD]�� DPLORJOXNR]LGD]�� NDWDOD]�� JOXNR]� RNVLGD]�� OLSD]� YH� SHNWLQD]ÕQ�
µJ�YHQLOLU� RODUDN�NDEXO� HGLOLU¶� �*5$6��ROGX÷XQX�RQD\OD\DQ�ELU� UDSRU� \D\ÕQODPÕúWÕU�
(Schuster et al., 2002).  

Günümüzde, rekombinant A. niger türlerinden elde edilen birçok enzim ürünü 

pL\DVDODUGDGÕU�� (Q]LP� 7HNQLN� .XUXPX� WDUDIÕQGDQ� VRQ� ]DPDQODUGD� KD]ÕUODQDQ� ELU�
listeye göre; .-amilaz, arabinofuranozidaz, katalaz, kimozin, glukoamilaz, glukoz 

oksidaz, pektin esteraz, fosfolipaz A2 ve ksilanaz enzimleri, rekombinant A. niger 

W�UOHUL�WDUDIÕQdan üretilmektedir (Pariza and Johnson, 2001).  

A. niger�JHQHOOLNOH�J�YHQLOLU�RUJDQL]PD�RODUDN�NDEXO�HGLOLU��øQVDQODU��A. niger 

VSRUODUÕQD� KLoELU� KDVWDOÕN� RUWD\D� oÕNPDGDQ�J�Q�ER\XQFD�PDUX]�NDODELOLUOHU�� 6DGHFH�
birkaç durumda, A. niger insan vücudunda kolonL]H�ROXU��)DNDW�EX�KDVWDODUÕQ� W�P��
úLGGHWOL� KDVWDOÕNODUOD� GROX� ELU� JHoPLúH� VDKLSWLU� YH\D� LPPXQREDVNÕOD\ÕFÕ� ELU� WHGDYL�
J|UPHNWHGLUOHU��1DGLU�GXUXPODUGD��NLúL�\R÷XQ�VSRU�GXPDQÕQD�PDUX]�NDOGÕ÷ÕQGD��DúÕUÕ�
GX\DUOÕ�UHDNVL\RQODU�ROXúXU��6FKXVWHU�HW�DO���������� 
 

1.5.2 Aspergillus niger ATCC 9642 

 

A. niger ATCC 9642, esasen A. niger van Tieghem türü olan, American Type 

&XOWXUH� &ROOHFWLRQ� �$7&&�� WDUDIÕQGDQ� L]ROH� HGLOHQ� YH� VDWÕúÕ� \DSÕODQ� WLFDUL� ELU�
PDUNDGÕU��KWWS���ZZZ�OJFSURPRFKHP-atcc.com). 

A. niger ATCC 9642’nin lLWHUDW�UGH�� IXQJXV� GD\DQÕNOÕOÕN� WHVWOHULQGH��
SODVWLNOHULQ� \ÕNÕPÕQGD�� VLWULN� DVLW� �UHWLPLQGH� YH� NLPL� HQ]LPOHULQ� �UHWLPLQGH�
NXOODQÕPODUÕ�EXOXQPDNWDGÕU��KWWS���ZZZ�OJFSURPRFKHP-atcc.com). 
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A. niger’in iki türünün (ATCC 6275 ve 9642) sitrik asit üretimi kabiliyetleri 

DUDúWÕUÕOPÕú�YH�PHODVÕQ�NDUERKLGUDW�ND\QD÷Õ�RODUDN�NXOODQÕOGÕ÷Õ�RUWDPODUGD�VLWULN�DVLW�
HOGH� HGLOPLúWLU� �0HK\DU� HW� DO��� ������� <DSÕODQ� EDúND� ELU� oDOÕúPDGD� LVH�� A. niger 

$7&&� ����¶QLQ� \�]H\� N�OW�U�� LOH� IDUNOÕ� VXNUR]�� JOXNR]�� IUXNWR]�� ULERIODYLQ��
trikaOVL\XP�IRVIDW�YH�PHWDQRO�GHULúLPOHULQGH�VLWULN�DVLW��UHWLPL�NRúXOODUÕ�oDOÕúÕOPÕúWÕU��
%X� oDOÕúPD� VRQXQGD���� ��� �Z�Y�¶OLN� VXNUR]� YH��� �¶OLN�PHWDQRO� RUWDPÕQGD� E�\�N�
PLNWDUGD� VLWULN� DVLW� �UHWLOGL÷L� EXOXQPXúWXU� ������� J�/�� �(O-Holi and Al-Delaimy, 

2003). 

Inoue YH� DUNDGDúODUÕQÕQ� ������� \DSWÕ÷Õ� ELU� oDOÕúPDGD� A. niger ATCC 

����¶GHQ� LNL� IDUNOÕ� WLS� PHWLOJOLRNVDO� UHGXNWD]� HQ]LPL� VDIODúWÕUÕOPÕú� YH� NLQHWLN�
SDUDPHWUHOHUL�EHOLUOHQPLúWLU� 

Yine A. niger� $7&&� ����� NXOODQÕODUDN� SXOOXODQ� �-glukanohidrolaz ve 

gliokzalaz I enzimOHULQLQ� �UHWLPL� JHUoHNOHúWLULOPLú� YH� NLQHWLN� SDUDPHWUHOHUL�
VDSWDQPÕúWÕU��6DNDQR�HW�DO���������� 

$RNL� YH� DUNDGDúODUÕ� ��������A. niger ATCC 9642’den izopullulanaz genini 

izole ederek, Penicillium ve Arthrobacter� GHNVWUDQD]ODUÕ� DUDVÕQGDNL� DPLQR� DVLW�
dizilimleULQGHNL� EHQ]HUOLNOHUL� RUWD\D� NR\PXúODUGÕU�� dDOÕúPDODUÕQÕQ� GHYDPÕQGD� D\QÕ�
geni Aspergillus oryzae’ye eksprese ederek rekombinant enzimin kinetik 

SDUDPHWUHOHULQL�WHVSLW�HWPLúOHUGLU� 
A. niger� $7&&� ����� DQWLIXQJDO� WHVWOHUGH� NXOODQÕOPÕúWÕU�� %HQJDO¶LQ� �� IDUNOÕ�

aGDVÕQGDQ�L]ROH�HGLOHQ����Streptomyces spp. türlerinden 17’sinde antifungal aktivite 

J|]OHQPLú� YH� EX� DQWLIXQJDO� DNWLYLWH� WD\LQLQGH� A. niger� $7&&� ����� VXúODUÕ�
NXOODQÕOPÕúWÕU� �3HHOD� HW� DO��� ������� %DúND� ELU� oDOÕúPDGD�� Nocardia spp. türlerinin 

antifungal aktiviteleri yine A. niger� $7&&� ����¶QLQ� NXOODQÕPÕ� LOH� EHOLUOHQPLúWLU�
(Yamamura et al., 2003). Avrahami ve Shai (2004) A. niger ATCC 9642’i içeren 

IXQJXV� W�UOHULQL� NXOODQDUDN� SDOPLWRLOOHQPLú� SR]LWLI� \�NO�� SHSWLGOHUGHQ� ROXúDQ�
lipoproteinlerin antifungal aktiviteOHULQL�WHVW�HWPLúOHUGLU�� 

A. niger� $7&&� ����� D\UÕFD� SHQWDQ� \ÕNÕPÕQGD� �,RQDWD� HW� DO��� �������
immobilize Arthobacter sp.� LOH� NDUúÕODúWÕUPDOÕ� RODUDN� NXOODQÕOPÕúWÕU�� '�ú�N�
\R÷XQOXNOX� SROLHWLOHQLQ� A. niger ATCC 9642 ve Penicillium pinophilum ATCC 

11797 ile biyo\ÕNÕPÕ� LQFHOHQPLúWLU� �6HS~OYHGD� HW� DO��� ������� .LP� YH�5KHH� �������
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makalelerinde, A. niger ATCC 9642’nin sky-green’i (süksinik asit, adipik asit, 

E�WDQGLRO�YH�HWLOHQ�JOLNRO�LoHUHQ�ELU�SROLHVWHU��\ÕNÕPD�X÷UDWWÕ÷ÕQD�GH÷LQPLúOHUGLU� 
A. niger� $7&&� ����� D\UÕFD� SODVWLN� PDWHU\DOOHULQ� GD\DQÕNOÕOÕN� WHVWOHULQGH�

VWDQGDUW� RODUDN� NXOODQÕOPDNWDGÕU� �*X� DQG� *X�� ������� $\UÕFD� XUDQ\XP�
EL\RVRUSVL\RQXQGD�NXOODQÕPÕ�oDOÕúPDODUÕ�GD�\DSÕOPÕúWÕU��+X�HW�DO��������� 
 

1.6 )XQJXVODUÕQ�%L\RORMLN�$UÕWPDGD�.XOODQÕPÕ 
 

)XQJXVODU�� oRN� oHúLWOL� HNVWUDVHO�OHU� SURWHLQOHU�� RUJDQLN� DVLWOHU� YH� GL÷HU�
PHWDEROLWOHULQ��UHWLPL�\DQÕQGD�IDUNOÕ�oHYUHVHO�NRúXOODUD�NHQGLOHULQL��VW�Q�ELU�úHNLOGH�
adapte edebilme kabiliyetine sahiptir (Lilly and Barnet, 1951; Cochrane, 1958). 

hUHWLOHQ� oHúLWOL� PHWDEROLWOHULQ� \DQÕQGD� IXQJXVODUÕQ�� PHWDO�� LQRUJDQLN� YH\D� RUJDQLN�
LoHUL÷H�VDKLS�DWÕN�VXODUÕQ�EL\RDUÕWÕPÕQGD��X]DNODúWÕUPD�YH\D�\ÕNÕP��NXOODQÕPÕ�JLGHUHN�
artan bir ilgi çekmektedir (Coulibaly et al., 2003). 

 

������(YVHO�DWÕNODUÕQ�DUÕWÕOPDVÕ 
 

 (YVHO�DWÕNODU��IXQJDO�EL\RN�WOH�WDUDIÕQGDQ�X]DNODúWÕUÕODELOHFHN�NDUERQ�YH�EHVLQ�
ND\QDNODUÕQD� VDKLSWLU� �&RXOLEDO\� HW� DO��� ������� 7KDQK� YH� 6LPDUG� ������� IXQJDO�
EL\RN�WOHOHULQ� HYVHO� DWÕNODUGD� IRVIDW� ��� ������� DPRQ\DN� ��� ������� WRSODP� D]RW� ���
������ YH� NLP\DVDO� RNVLMHQ� LVWH÷LQL� �&2'�� ��� ������ D]altma kapasitelerini 

J|VWHUPLúOHUGLU��A. niger�LOH�\DSÕODQ�ELU�oDOÕúPDGD�IXQJDO�EL\RN�WOHQLQ�&2'¶\L������
D]DOWWÕ÷Õ��WRSODP�SURWHLQLQ�LVH�����¶LQL�X]DNODúWÕUGÕ÷Õ�EXOXQPXúWXU��&RXOLEDO\���������
$]RW� YH� NDUERQ� ND\QDNODUÕQÕQ� N�OW�U� RUWDPÕQD� HNOHQPHVL� YH� EL\RPDs kalitesinin 

DUWWÕUÕOPDVÕ� JLEL� RSWLPL]DV\RQ� oDOÕúPDODUÕ� LOH� DUÕWÕP� NDSDVLWHVLQGH� DUWÕúODUÕQ� ROGX÷X�
J|]OHQPLúWLU�� )XQJDO� X\JXODPDODU� DWÕN� DUÕWÕPÕQGD� L\L� ELU� NDSDVLWH� J|VWHUPHOHULQH�
UD÷PHQ�� SUDWLNWH� NXOODQÕP� LoLQ� KDOHQ� JHOLúWLULOPH� DúDPDVÕQGDGÕU��%X�GXUXP�� fungal 

W�UOHULQ�EDNWHULOHU�NDGDU�L\L�SHUIRUPDQV�J|VWHUPHPHOHUL�LOH�DoÕNODQDELOLU��&RXOLEDO\�HW�
al., 2003). 
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1.6.2 (QG�VWUL\HO�DWÕNODUÕQ�DUÕWÕOPDVÕ 
 

 =H\WLQ\D÷Õ�� QLúDVWD�� LoNL� LPDODWÕ� �PHODV��� SDPXN� D÷DUWPD�� ND÷ÕW� KDPXUX� YH�
ND÷ÕW�LúOHPH�HQG�VWULVL��KHU�\ÕO�ELUNDo�PLO\DU�OLWUH�UHQNOL��JHQHOOLNOH�WRNVLN�YH�]DUDUOÕ�
DWÕN�VXODU��UHWPHNWHGLU��%X�DWÕNODU��\�NVHN�GHULúLPOHUGH�&2'����–120 g.L-1), fenol 

ve türevlerini (0,5-8 g.L-1�� YH� JHQHOOLNOH� SURWHLQOHU�� VL\DQ�UOHU�� NORUODQPÕú� OLJQLQ�
ELOHúLNOHUL� YH� ER\DODUÕ� LoHULU�� %�\�N� PLNWDUODUGDNL� OLJQLQ� W�UHYOHULQLQ� YDUOÕ÷Õ� EX�
DWÕNODUGDNL�NR\X�NDKYHUHQJL� UHQJLQ�RODVÕ� VHEHELGLU�(Calvo et al., 1995).�%X� WLS�DWÕN�
VXODUGD�EXOXQDQ�IHQROLN�ELOHúLNOHU�EDNWHULVLGDO�HWNL\H�VDKLSWLU��)DQJ�DQG�&KDQ���������
%X�WLS�DWÕNODUÕQ�DHURELN�úDUWODU�DOWÕQGD�IXQJDO�DUÕWÕPÕ�LOH�IHQROLN�ELOHúLNOHUGH�D]DOPD�
(% 51–������L\L�ELU�UHQNVL]OHúWLUPH������–�����HOGH�HGLOPLú�YH�EL\RNLP\DVDO�RNVLMHQ�
LVWH÷LQGH��%2'��������¶OHUH�YDUDQ�ELU�D]DOPD�LOH�SURWHD]��ODNND]��OLJQLQ�SHURNVLGD]��
mangan peroksidaz ve amilaz gibL�HQ]LPOHULQ��UHWLPL�JHUoHNOHúPLúWLU� �&RXOLEDO\�HW�
DO����������0LUDQGD�YH�DUNDGDúODUÕ���������A. niger�LOH�PHODV�DWÕN�VXODUÕQGD�����¶ODUD�
NDGDU� ELU� UHQN� JLGHULPL� HOGH� HWPLúOHUGLU�� (QG�VWUL\HO� DWÕNODUÕQ� IXQJXVODU� WDUDIÕQGDQ�
UHQNVL]OHúWLULOPHVLQLQ�PHNDQL]PDVÕ��EL\RVRUSVL\RQ�YH�YH\D�EL\RER]XQXPX� LoHUHFHN�
úHNLOGH�UDSRU�HGLOPLúWLU��6RDUHV�DQG�'XUDQ��������� 
 7RNVLN�ROPD\DQ�GL÷HU�HQG�VWUL\HO�DWÕN�VXODUD�LOLúNLQ�RODUDN��QLúDVWD��SLULQo�YH�
PLG\H� LúOHPH�� VRV� �UHWLPL� JLEL�� �]HULOHULQGH� E�\�\HQ� IXQJXVODUÕQ�� WHN� K�FUH�
SURWHLQLQL�� HQ]LPOHUL�� NLWRVDQÕ� YH� DPLOROLWLN� SUHSDUDWODUÕ� �UHWWL÷L� YH� L\L� ELU� &2'�
G�ú�ú��VD÷ODGÕ÷Õ�UDSRU�HGLOPLúWLU��&RXOLEDO\�HW�DO��������� 
 

������%R\D�DWÕNODUÕQÕQ�DUÕWÕOPDVÕ 
  

øODo�� ER\DPD�� EDVNÕ�� IRWR÷UDI�� WHNVWLO� YH� NR]PHWLN� HQG�VWULVL� DWÕNODUÕ� ER\D�
LoHULU��'�Q\D�oDSÕQGD�\ÕOOÕN��[��7 tondan fazla boya üretilmektedir ve bunun % 10’u 

HQG�VWUL\HO�DWÕN�RODUDN�ND\ÕS�ROPDNWDGÕU��9DLG\D�DQG�'DW\H���������7HNVWLO�HQG�VWULVL�
DWÕNODUÕ�� RUJDQR-NORU�U� ED]OÕ� SHVWLVLWOHU�� D÷ÕU� PHWDOOHU�� SLJPHQWOHU� YH� ER\DODU� JLEL�
bLUoRN� NLUOHWLFL� ELOHúLNOHULQ� ELU� NDUÕúÕPÕQÕ� LoHULU� �2¶1HLO� HW� DO��� ������� %R\D�
JLGHULPLQGH� HQ� ID]OD� oDOÕúÕODQ� EH\D]� o�U�No�O� IXQJXV� P. chrysosporium ve T. 
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versicolor¶GXU�� *�Q�P�]GH�� GL÷HU� IXQJXV� W�UOHUL� GH� HQG�VWUL\HO� DWÕNODUGDQ� ER\D�
JLGHULPLQGH� ED]Õ� NDSDVLWHOHUGH� NXOODQÕOPDNWDGÕU�� %R\DODU�� IXQJXVODU� WDUDIÕQGDQ�
EL\RVRUSVL\RQ��EL\R\ÕNÕP�YH\D�HQ]LPDWLN�\ROODU�LOH�X]DNODúWÕUÕODELOLU��&RXOLEDO\�HW�DO���
2003).  

 

������0HWDO�LoHUHQ�DWÕNODUÕQ�DUÕWÕOPDVÕ 
 

0HWDOXUML� HQG�VWULVL�� PDGHQFLOLN�� \�]H\� WHPL]OHPH�� DWÕN� IÕUÕQODUÕ� E�\�N�
PLNWDUODUGD� PHWDOOHUFH� NLUOHWLOPLú� DWÕN� VX� �UHWLUOHU�� øQVDQODUÕQ� HQ� \XNDUÕGD� ROGX÷X�
\L\HFHN� ]LQFLUL� ER\XQFD� o|]�QP�ú� PHWDOOHULQ� \DúD\DQ� GRNXODUGDNL� ELULNLPLQGHQ�
GROD\Õ� PHWDOOHU� ELUoRN� VD÷OÕN� VRUXQXQD� VHEHS� ROXUODU�� $÷ÕU� PHWDOOHULQ� HNRVLVWHPH�
giUPHGHQ� X]DNODúWÕUÕOPDVÕ� JHUHNPHNWHGLU�� dRN� VH\UHOWLN� PHWDO� LoHUHQ� VXODU� LoLQ�
JHOLúWLULOHQ� IL]LNRNLP\DVDO� DUÕWÕP� �o|NW�UPH�� HOHNWURNLP\DVDO�� SÕKWÕODúWÕUPD��
NRDJ�ODV\RQ�� L\RQ� GH÷LúLP�� ROGXNoD� SDKDOÕGÕU� �&RXOLEDO\� HW� DO��� ������� %L\RN�WOH�
NXOODQÕPÕ�|]HOOLNOH�GH�IXQJXVODUÕQ�NXOODQÕPÕ�DWÕN�VX�DUÕWÕPÕQGD�HQ�L\L�DOWHUQDWLI�RODUDN�
G�ú�Q�OPHNWHGLU� �*XSWD� HW� DO��� ������� )XQJDO� EL\RN�WOH� GXYDUÕ�� NDUERNVL�� DPLQR��
IRVIDW�JUXSODUÕ�� OLSLW��PHODQLQ��V�OIDW�YH�KLGURNVLW� LoHUHQ�PDNURPROHN�OOHUGHQ��oLWLQ��
çitosan, glukan, lipLW�� IRVIROLSLW��ROXúPXúWXU��%X�IRQNVL\RQHO�JUXSODU�PHWDO�ED÷ODPD�
E|OJHOHULGLU�� )XQJXVODU�� PHWDOOHUL� EDúOÕFD� DGVRUSVL\RQ�� NLP\DVDO� DGVRUSODPD� �L\RQ�
GH÷LúLP��� NRPSOHNVOHúPH�� NRRUGLQDV\RQ�� úHODWODPD�� IL]LNVHO� DGVRUSODPD� YH� PLNUR�
o|NW�UPH�\ROODUÕ�LOH�X]DNODúWÕUÕUODU��&RXOLEDO\�HW�DO��������� 
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��� ø002%ø/ø=(� 0ø.5225*$1ø=0$/$5,1� .8//$1,0- 

/$5,�ø/(�ø/*ø/ø�g1&(.ø�d$/,ù0$/$5 

 

Kapoor ve Viraraghavan (1997), A. niger biyokütlesini polisülfon matrikse 

LPPRELOL]H�HGLOPLúWLU��.�UHVHO�úHNLO�YHULOPLú�RODQ�EX�LPPRELOLze matriksi bir kolona 

GROGXUDUDN��DWÕN�VXODUGDQ�NDGPL\XP��EDNÕU��NXUúXQ�YH�QLNHO�X]DNODúWÕUPD�\HWHQHNOHUL�
DUDúWÕUÕOPÕú�YH�N�UHOHULQ�KHU�ELU�ELULP�D÷ÕUOÕNODUÕ�EDúÕQD�NDGPL\XP��EDNÕU��NXUúXQ�YH�
QLNHO� DGVRUSVL\RQODUÕ� VÕUDVÕ\OD� ������������ ������ YH� �����PJ�J�RODUDN�EXOXQPXúWXU��
$GVRUSODQDQ�PHWDO�L\RQODUÕ������1�QLWULN�DVLW�NXOODQÕPÕ�LOH�NRORQGDQ�NROD\OÕNOD�HOXH�
HGLOHELOPLúWLU� 

%LU� EDúND� oDOÕúPDGD�� DOJLQDWD� LPPRELOL]H� HGLOPLú� DOJ� �Chorella vulgaris) 

K�FUHOHULQLQ�VXOX�o|]HOWLOHUGHNL�QLNHO�L\RQODUÕQÕ�X]DNODúWÕUPD�NDELOL\HWL�DUDúWÕUÕOPÕúWÕU�
(Al-5XE�HW�DO����������dDOÕúPDODU�VRQXQGD�LPPRELOL]DV\RQXQ�QLNHO�DGVRUSVL\RQXQX�
DUWWÕUGÕ÷Õ� YH� VRUEHQWLQ� WHNUDU� NXOODQÕPÕQÕQ� EDúDUÕOÕ� ROGX÷X� EXOXQPXúWXU�� %XQXQ�
\DQÕQGD� S+¶ÕQ� YH\D� EDúODQJÕo� QLNHO� GHULúLPLQGHNL� ELU� DUWÕúÕQ� QLNHO� DGsorbsiyonunu 

DUWWÕUGÕ÷Õ�GD�J|]OHQPLúWLU� 
Zeytin karasuyunu detoksifiye etmede ve kirletici organik yükünü azaltmada 

ekstremofil bir tür olan Candida tropicalis YMEC14 alginat kürelere immobilize 

HGLOHUHN� NXOODQÕOPÕúWÕU� �(WWD\HEL� HW� DO��� ������� 6RQXoWD� ]H\Win karasuyu içinde 40 

°C’de büyüyen C. tropicalis, 24 saatlik fermantasyon periyodu sonunda kimyasal 

RNVLMHQ�LVWH÷L��PRQRIHQRO�YH�SROLIHQROOHUGH�VÕUDVÕ�LOH����������������YH�������¶O�N�
D]DOPD\D�QHGHQ�ROPXúWXU� 

Burkholderia sp.’nin alginat jel kürelere immoELOL]H�HGLOGL÷L�ELU�oDOÕúPDGD�LVH�
UHDNW|U�NXOODQÕODUDN�VXOX�o|]HOWLOHUGHNL�TXLQROLQH�\ÕNÕPÕ�JHUoHNOHúWLULOPLúWLU��-LDQORQJ�
HW� DO��� ������� dDOÕúPDGD�� TXLQROLQH� \ÕNÕPÕ� LoLQ� LPPRELOL]H� K�FUHOHULQ� WHNUDUOÕ�
NXOODQÕPÕ�GD�DUDúWÕUÕOPÕú�YH�����VDDWWHQ�GDKD�ID]OD�VWDELO�ROGX÷X�EXOXQPXúWXU� 

Arthrobacter sp. türlerinin, 2,4,6-WULQLWURWROXHQ� �717�¶\L� DHURELN� NRúXODU�
DOWÕQGD� �-amino–2,6-dinitrotoluen, 2-amino–4,6-dinitrotoluen ve 2,2-diamino–6-

QLWURWROXHQH� G|Q�úW�UG�÷�� EXOXQPXúWXU�� 717� ��� VDDW� LoLQGH��
monoaminodinitrotolXHQOHU� YH� GLDPLQRQLWURWROXHQOHULQ� ELU� NDUÕúÕPÕQD�G|Q�úP�úW�U��
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$\QÕ� GHQH\VHO� NRúXOODU� DOWÕQGD�� EDU\XP� DOJLQDW� LoLQH� LPPRELOL]H� HGLOPLú�
Arthrobacter sp.�K�FUHOHULQLQ�717�WUDQVIRUPDV\RQXQGD�GDKD�HWNLOL�ROGX÷X�YH����VDDW�
LoLQGH� WDPDPODQGÕ÷Õ� EXOXQPXúWXU�� %XQXQ� \DQÕQGD� LPPRELOL]H� K�FUHOHULQ� �� G|QJ��
ER\XQFD�NXOODQÕODELOGL÷L�GH�J|]OHQPLúWLU��7RSH�HW�DO���������� 

6HSLROLW� �]HULQH� LPPRELOL]H� HGLOPLú� A. niger� WDUDIÕQGDQ� |Q� GHULúWLUPH�
\DSÕOPÕú�MHRORMLN�|UQHNOHUGHQ�EDNÕU��oLQNR��GHPLU��QLNHO�YH�NDGPL\XPXQ�DOHY�DWRPLN�
adVRUSVL\RQ�VSHNWURPHWULVL��)$$6��LOH�VDSWDQPDVÕQÕ�JHOLúWLUPLúOHUGLU��gQ�GHULúWLUPH�
oDOÕúPDODUÕ�LoLQ�NRORQ�DGVRUSVL\RQ�PHWRGX�NXOODQÕOPÕúWÕU��6HSLROLW��]HULQH�LPPRELOL]H�
HGLOPLú�A. niger’GHQ�&X��=Q��)H��1L� YH�&G¶QLQ� JHUL� ND]DQÕPÕ� VÕUDVÕ� LOH�����������
0,06; %���������������������������������������YH��������������RODUDN�EXOXQPXúWXU�
�%D÷�HW�DO��������� 

7HN� YH� LNLOL� PHWDO� o|]HOWLOHULQGHQ� 1L� YH� &X� X]DNODúWÕUPDGD� DOJLQDWD�
WXWXNODQPÕú� Chlorella vulgaris¶LQ� SRWDQVL\HOL� DUDúWÕUÕOPÕú� YH� LPPRELOL]H� C. 

vulgaris’in Ni ve &X�JLGHULPLQGH�GDKD�HWNLOL�ROGX÷X�EXOXQPXúWXU��0HKWD�DQG�*DXU��
2001). 

3ROL�UHWDQ� N|S�NOHU� �]HULQH� LPPRELOL]H� DGLOPLú� Aspergillus terreus türleri 

NXOODQÕODUDN��oHOLN�G|N�PKDQHOHULQGHQ�ND\QDNODQDQ�PHWDOXUMLN�DWÕNODUGDQ�NURP��QLNHO�
ve demirin biyosorpsiyonu iQFHOHQPLúWLU��(QG�VWUL\HO�VHYL\HGH�GHPLU��NURP�YH�QLNHO�
X]DNODúWÕUPD� X\JXODPDODUÕQGD� A. terreus¶XQ� L\L� ELU� ND\QDN� ROGX÷X� VRQXFXQD�
YDUÕOPÕúWÕU��'LDV�HW�DO��������� 

<HúLO�PLNURDOJ�RODQ�Chlorella sorokiniana luffa sünger disklere immobilize 

HGLOPLú� YH� EXQODU� VXOX� o|]HOWLOHUGHQ� PHWDO� L\RQODUÕQÕ� JLGHUPHGH� NXOODQÕOPÕúWÕU��
Mikroalg-OXIID�V�QJHU�GLVNOHU���GDNLND�LoHULVLQGH�����¶OLN�GHQJH�VHYL\HVLQH�XODúDUDN�
oRN� KÕ]OÕ� ELU� úHNLOGH� 1L�,,�¶\L� JLGHUPLúWLU�� %X� GLVNOHULQ� D\QÕ� ]DPDQGD� GROJX� \DWDN�
NRORQODUÕ�LOH�VXOX�o|]HOWLOHUGHQ�1L�,,��JLGHULPL�SRWDQVL\HOOHUL�WHVW�HGLOPLúWLU��$NKWDU�HW�
al., 2003). 

3ROLYLQLO� DONRO� �39$�� LoLQH� LPPRELOL]H� HGLOPLú� Auricularia polytricha 

PLVHOOHUL� NXOODQÕODUDN� EDNÕU� EL\RVRUSVL\RQX� NRúXOODUÕ� WHVW� HGLOPLúWLU�� 2SWLPXP�
NRúXOODUGD�39$��]HULQH�LPPRELOL]H�HGLOPLú�EL\RN�WOH�LOH�KD]ÕUODQPÕú�NRORQODUGD����
��¶OÕN�ELU�EL\RVRUSVL\RQ�NDSDVLWHVL�HOGH�HGLOPLúWLU��*DOL�HW�DO��������� 
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&RXWR� YH� DUNDGDúODUÕ� �������� ODNND]� �UHWLPL� LoLQ� EH\D]� o�U�No�O� IXQJXV�
Trametes hirsuta¶QÕQ� DOJLQDW� N�UHOHUH�� SROL�UHWDQ� N|S�NOHUH� naylon sünger ve 

SDVODQPD]� oHOLN� N|S�NOHUH� LPPRELOL]DV\RQXQX� DUDúWÕUPÕú� YH� SDVODQPD]� oHOLN�
köpüklerin 8 günlük kütlivasyon sonunda en yüksek lakkaz aktivitesi göstererek en 

L\L�LPPRELOL]DV\RQ�PDWHU\DOL�ROGX÷X�EXOPXúODUGÕU� 
Süspanse ve poliüretan köpüklere� LPPRELOL]H� HGLOPLú� Phanerochaete 

chrysosporium�NXOODQÕODUDN��-NORURIHQRO�\ÕNÕPÕ�LQFHOHQPLú�YH�LPPRELOL]H�RODQODUÕQ�
4-NORURIHQRO� \ÕNÕPÕQGD� GDKD� HWNLOL� ROGX÷X� EXOXQPXúWXU� �=RXDUL� HW� DO��� �������
Phanerochaete chrysosporium¶XQ�D\QÕ�LPPRELOL]DV\RQ�PDWHU\DOLQGH�5HG�����ER\DVÕ�
ve polimerik bir boya olan poli(R-����¶LQ� EL\R\ÕNÕPÕ� oDOÕúPDODUÕ� \DSÕOPÕú� YH�
RSWLPXP�NRúXOODU� DOWÕQGD�KHU� LNL� ER\D� LoLQ��� ��¶OHUH� YDUDQ�ELU� UHQN�JLGHULPL� HOGH�
HGLOPLúWLU��0LHOJR�HW�DO���������<DQJ�DQG�<X�������� 

)XQJDO� EL\RN�WOH� WDUDIÕQGDQ�� DOWÕQ� VR÷XUXPXQGD� LPPRELOL]DV\RQ� PDWULNVL�
RODUDN�� 39$� YH� DOJLQDW� NXOODQÕPÕ� NDUúÕODúWÕUÕOPÕúWÕU�� 39$-LPPRELOL]H� HGLOPLú�
EL\RN�WOHQLQ�� �VW�Q� PHNDQLN� NXYYHW� YH� NLP\DVDO� NDUDUOÕOÕ÷D� VDKLS� ROGX÷X�
EXOXQPXúWXU��(N�RODUDN�GD��JHQLú�S+���–����DUDOÕ÷ÕQGD�NDUDUOÕ�ROGX÷X�J|]OHQPLúWLU��
øPPRELOL]H� 39$� N�UHOHULQ� ����� VDDWWH� �� ��¶OLN� DOWÕQ� JLGHULPL� J|VWHULUNHQ�� D\QÕ�
GHUHFHGH�DOWÕQ�DGVRUSVL\RQXQ�DOJLQDW�N�UHOHU�LOH�EDúDUDELOPHVL�LoLQ�����VDDW�JHUHNWL÷L�
EXOXQPXúWXU��.KRR�YH�7LQJ�������� 

7DQÕPODQDPDPÕú� EDVLGLRPLVHW� VÕQÕIÕ� ELr beyaz çürükçül fungus alginat 

N�UHOHUH� LPPRELOL]H�HGLOPLú�YH���J�Q� LoLQGH�����¶OLN�ELU�2UDQJH� ,,�ER\D�JLGHULPL�
VHUJLOHPLúWLU��=KDQJ�HW�DO��������� 

6HUEHVW�YH�SROL�UHWDQ�N|S�NOHUH� LPPRELOL]H�HGLOPLú�A. niger B-77 miselleri 

NXOODQÕODUDN�� o|]HOWLOHUGHQ� EDNÕU� X]DNODúWÕUPD� \HWHQHNOHUL� LQFHOHQPLúWLU�� 6RQXoWD��
LPPRELOL]H� K�FUHOHULQ� VHUEHVWOHUH� J|UH� �� NDW� GDKD� ID]OD� PHWDO� WXWXNODGÕ÷Õ�
EXOXQPXúWXU��7VHNRYD�DQG�,OLHYD�������� 

Pseudomonas putida�$7&&������¶�Q�LNL�IDUNOÕ�VLVWHPGH�IHQRO�EL\R\ÕNÕPÕQGD�
NXOODQÕPODUÕ�LQFHOHQPLúWLU��%LULQFL�VLVWHPGH�V�VSDQVH�K�FUHOHU�NDUÕúWÕUPDOÕ�WDQNODUGD�
NXOODQÕOÕUNHQ�� LNLQFL� VLVWHPGH� DOJLQDW� �]HULQH� LPPRELOL]H� HGLOPLú� K�FUHOHU� DNÕúNDQ�
\DWDN� WDQNODUGD� NXOODQÕOPÕúWÕU�� +HU� LNL� VLVWHPGH� GH� �� ��¶GDQ� ID]OD� IHQRO� \ÕNÕPÕ�
J|]OHQPLúWLU��*RQ]iOHV�HW al., 2001). 
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øPPRELOL]H� Pseudomonas luteola� NXOODQÕODUDN�� D]R� ER\D� LoHUHQ� DWÕN�
VXODUÕQGDQ� ER\D� JLGHULPL� oDOÕúÕOPÕúWÕU�� P. luteola hücreleri, kalsiyum alginat, �-

NDUUDJHQDQ�YH�SROLDNULODPLG�LoLQH�LPPRELOL]H�HGLOPLú��VÕFDNOÕN��S+�YH�ER\D�GHULúLPL�
gibi operas\RQHO� NRúXOODUÕ�� PLNUREL\DO� ER\D� JLGHULPL� DoÕVÕQGDQ� LQFHOHQPLúWLU��
$OJLQDW���-NDUUDJHQDQ�YH�SROLDNULODPLGH�LPPRELOL]H�K�FUHOHU�LOH�VÕUDVÕ\OD������������
YH������ER\D�JLGHULPL�EXOXQPXúWXU��&KDQJ�HW�DO��������� 

$OJLQDWD� LPPRELOL]H� HGLOPLú� Phanerochaete chrysosporium hücrelerinin 

PHODV� \ÕNDPD� VXODUÕQGDNL� UHQJL� VHUEHVW� K�FUHOHUH� QD]DUDQ� GDKD� KÕ]OÕ� YH� HWNLOL� ELU�
úHNLOGH�JLGHUHELOGL÷L�J|]OHQPLúWLU��)DK\�HW�DO��������� 

Flavodon flavus¶XQ�SROL�UHWDQ�N|S�NOHUH�LPPRELOL]DV\RQX�LOH�PHODV�\ÕNDPD�
suyundan kahverengi rengLQ� JLGHULPL� oDOÕúPDODUÕ� \DSÕOPÕúWÕU�� øPPRELOL]H� IXQJXV�
PHODV� \ÕNDPD� VX\XQGDNL� UHQJL� ��� J�QGH� �� ��� RUDQÕQGD� D]DOWPÕúWÕU�� øPPRELOL]H�
IXQJXVXQ� HQ� D]� �o� G|QJ�GH� HWNLOL� ELU� úHNLOGH� NXOODQÕODELOGL÷L� GH� J|VWHULOPLúWLU�
(Raghukumar et al., 2004). 

<DSÕODQ�ELU�oDOÕúPada, Mucor rouxii polisülfon matrikse immobilize edilerek 

ELU� NRORQD�GROGXUXOPXú��%X�EL\RVRUSVL\RQ�NRORQXQGD�3E��&G��1L�YH�=Q�JLEL�PHWDO�
L\RQODUÕQÕQ�X]DNODúWÕUÕOPDVÕQD�oDOÕúÕOPÕúWÕU��<DSÕODQ�oDOÕúPDODU� VRQXQGD��3E��&G��1L�
YH�=Q�LoLQ�N�UHOHULQ�JUDP�EDúÕQD�PHWDO�X]DNODúWÕUPD�NDSDVLWHOHUL�VÕUDVÕ\OD�������������
�����YH������PJ�J�RODUDN�EXOXQPXúWXU��<DQ�DQG�9LUDUDJKDYDQ�������� 

0D\DODU� �]HULQGH� \DSÕODQ� ELU� oDOÕúPDGD�� Saccharomyces cerevisiae 

EL\RN�WOHVLQLQ� D÷ÕU� PHWDO� EL\RVRUSVL\RQXQX� DUWWÕUPDN� LoLQ� EL\RN�WOHOHU� 0,75 M 

1D2+� LoLQGH� ��� �&¶GH� ��� GDNLND� ÕVÕWÕODUDN� YH� DOJLQDW� LoLQH� LPPRELOL]H� HGLOPLú��
$OJLQDW� MHO�� GR÷DO� PD\D�� DOJLQDW� MHOH� LPPRELOL]H� HGLOPLú� PD\D� YH� DOJLQDW� MHOH�
LPPRELOL]H� HGLOPLú� ED]� PXDPHOH� HGLOPLú� PD\DODUÕQ�� &X2+, Cd2+ ve Zn2+ 

biyosorpsiyon özelliklHUL� NDUúÕODúWÕUÕOPÕú�� 6RQXo� RODUDN� LPPRELOL]H� ED]OD�PXDPHOH�
HGLOPLú� PD\DODUÕQ� \�NVHN� D÷ÕU� PHWDO� EL\RVRUSVL\RQ� NDSDVLWHVLQH� VDKLS� ROGX÷X� YH�
JHQLú� S+� DUDOÕ÷ÕQGD� \�NVHN�PHWDO� X]DNODúWÕUPD� HWNLVLQH� VDKLS� ROGX÷X� EXOXQPXúWXU�
(Lu and Wilkins, 1996). 

$OJLQDW���-kaUUDJHQDQ�YH�SROLDNULODPLG�MHO�JLEL� IDUNOÕ�PDWHU\DOOHU��]HULQH�A. 

niger� �$17� ���� K�FUHOHULQLQ� LPPRELOL]DV\RQXQXQ� DUDúWÕUÕOGÕ÷Õ� ELU� oDOÕúPDGD�� V|]�
NRQXVX� LPPRELOL]H� K�FUHOHU� DUDVÕQGD� �-karragenan ve poliakrilamid jel içine 
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immobilize edilen hücrelerin enzim aktiviteleri alginata immobilize edilenlere göre 

GDKD� D]� EXOXQPXúWXU�� /LSD]� �UHWLPL� �]HULQH� HWNLOHULQL� WHVW� HWPHN� LoLQ� IDUNOÕ�
GHULúLPOHUGH�DOJLQDW�MHOOHUL�GHQHQPLúWLU��(Q�\�NVHN�OLSD]��UHWLPL����¶O�N�DOJLQDW�YH�
���GDNLNDOÕN�ROJXQODúPD�]DPDQÕ��FXUULQJ�WLPH��LOH�HOGH�HGLOPLúWLU��=H\WLQ\D÷Õ�VHUEHVW�
YH�LPPRELOL]H�K�FUHOHULQ�OLSD]��UHWLPLQL�DUWWÕUPÕúWÕU��(OODLDK�HW�DO�������� 

<D\JÕQ� RODUDN� NXOODQÕODQ� EH\D]-çürükçül fungus Phanerrochaete 

chrysosporium�� IDUNOÕ� VHQWHWLN� ER\DODUÕQ� EL\R\ÕNÕPÕQGD� NXOODQÕOPÕú�� PHWLO� YLolet, 

NRQJR�NÕUPÕ]ÕVÕ��DVLW� WXUXQFX��DVLW�NÕUPÕ]Õ������YDW�PDJHQWD��PHWLOHQ�PDYLVL�YH�DVLW�
\HúLOLQH�RODQ�ER\D�JLGHUPH�SRWDQVL\HOL�DUDúWÕUÕOPÕúWÕU��6RQXoWD��P. chrysosporium’un 

IDUNOÕ� VÕQÕIWDNL� ER\DODUÕQ� JLGHULPL� LoLQ� X\JXQ� ROGX÷X� EHOLUOHQPLúWLU� �5DGKD� HW� Dl. 

2005). 

Bjerkandera BOS55, Phanerrochaete chrysosporium ve Trametes 

versicolor’un amaranth, remazol siyah B, remazol turuncu, remazol brillant, reaktif 

PDYL�YH�WURSDHROLQ�2��]HULQH�ER\D�JLGHUPH�\HWHQHNOHUL�DUDúWÕUÕOPÕú�YH�E�\�N�RUDQGD�
boya giderdikleri sDSWDQPÕúWÕU��6ZDP\�DQG�5DPVD\�������� 

Pleurotus ostreatus� �]HULQH� \DSÕODQ� ELU� oDOÕúPDGD�� P. ostreatus¶XQ� IDUNOÕ�
WLSWHNL��WULIHQLO�PHWDQ��KHWHURVLNOLN��D]R�YH�SROLPHULN��ER\DODUÕ�SHURNVLGD]�DNWLYLWHVL�
LOH� GHNRORUL]H� HGHELOGL÷L� J|VWHULOPLúWLU��(Q� L\L� ER\D� JLderimi bromfenol mavisi (% 

���� LOH�HOGH�HGLOLUNHQ�KHWHURVLNOLN�ER\DODUÕ��PHWLOHQ�PDYLVL�YH� WROXLGLQ�PDYLVL�2¶\X�
DQFDN������RUDQÕQGD�JLGHUHELOPLúWLU��6KLQ�DQG�.LP�������� 

0LNURRUJDQL]PDODUÕQ� ER\D� JLGHULPLQGH� NXOODQÕPÕ� LOH� LOJLOL� ELU� EDúND�
denemede, SirianunWDSLERRQ� YH� DUNDGDúODUÕ�� ���� PD\D� L]RODWÕQÕQ� DUDVÕQGDQ�
Citeromyces sp. WR–43-�¶QÕQ� HQ� \�NVHN� ER\D� JLGHUPH� YHULPLQH� VDKLS� ROGX÷XQX�
EXOPXúODU�� %X� PLNURRUJDQL]PD� W�U��� DONRO� IDEULND� DWÕNODUÕQGD� UHQN� \R÷XQOX÷X��
NLP\DVDO�RNVLMHQ�LVWH÷L��&2'��YH�EL\RNLP\DVDO�RNVLMHQ�LVWH÷LQGH��%2'��VÕUDVÕ\OD���
����������YH�����¶OÕN�ELU�D]DOPD�J|VWHUPLúWLU��6LULDQXQWDSLERRQ�HW�DO�������� 

%X� oDOÕúPDGD�� A. niger ATCC 9642’nin alginat üzerine immobilizasyonu 

NRúXOODUÕQÕQ�RSWLPL]DV\RQX�YH�LPPRELOL]H�IXQJXVXQ�oHYUH�|UQHNOHULQGHNL�NLUOLliklerin 

JLGHULOPHVLQGH�NXOODQÕPÕQÕQ�DUDúWÕUÕOPDVÕ�DPDoODQPÕúWÕU� 
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3. MATERYAL VE YÖNTEM 

 

����.XOODQÕODQ�&LKD]ODU�YH�.LP\DVDO�0DO]HPHOHU 

 

 Deneylerde, Heraeus (Funktion Line) etüv, Shimadzu (AX 200) 0,0001 

GX\DUOÕOÕNWD�WHUD]L��+DQQD��+,����0��PDJQHWLN�NDUÕúWÕUÕFÕ��+DQQD��S+������S+�PHWUH��
0HPPHUW� �:%���� oDONDODPDOÕ� VX� EDQ\RVX�� 6KLPDG]X�89-1601 spektrofotometre, 

Ika (MS2) vorteks, Hettich (Universal 32R) santrifüj, Hirayama (HA 240 MIV) 

RWRNODY��%UDQG��7UDQVIHUSHWWH��RWRPDWLN�SLSHWOHU�YH�7KRPD�ODPÕ�NXOODQÕOGÕ� 
 Glukoz, MgSO4.7H2O, KCl, KH2PO4, (NH4)2SO4, NaCl, I2, NaNO3 ve Fenol 

&DUOR�(UED� �5RGDQR� øWDO\D�¶GDQ��0DOW�(NVWUDNW�$JDU��6NLP�0LON�YH�%DNWHUL\RORMLN�
3HSWRQ� /DE� 0� �/DQFDVKLUH� øQJLOWHUH�¶GHQ�� 7ZHHQ� ���� )H&O2.4H2O, Sülfürik asit, 

$JDU��d|]�Q�U�QLúDVWD��0yo-inositol, CoCl2, ZnCl2, FeSO4.7H2O, Biotin, Tris-HCl 

ve Bradford reaktifi Merck (Darmstadt Almanya)’den; CaCl2, Safra tuzu, Alginik 

DVLW�VRG\XP�WX]X�PHGLXP�YLVFRVLW\�YH�%6$��6Õ÷ÕU�VHUXP�DOEXPLQ��6LJPD��6WHLQKHLP�
Almanya)’dan, H2O2, HCl, KI ve NaOH Riedel-de Haën (Seelze Almanya)’den; 

)RVIDW�7DPSRQX�VDOLQ��3%6��2[RLG��+DPSVKLUH�øQJLOWHUH�¶GHQ�WHPLQ�HGLOGL� 
 

����øPPRELOL]DV\RQ�øúOHPLQGH�.XOODQÕODFDN�6SRUODUÕQ�+D]ÕUODQPDVÕ 
 

������0LNURRUJDQL]PDQÕQ�VHoLPL 
 

 (QG�VWUL\HO� X\JXODPDODUÕQÕQ� oRN� ROPDVÕ�� oHYUH� NLUOLOLNOHULQH� NXOODQÕPÕQÕQ�
ID]OD�ROPDVÕ���UHPHVLQLQ�KÕ]OÕ�YH�oDOÕúÕOPDVÕQÕQ�NROD\�ROPDVÕ��QXPDUDOÕ�ELU�VXú�RODUDN�
VWDQGDUW� ELU� PLNURRUJDQL]PD� ROPDVÕQGDQ� GROD\Õ�� GHQH\OHUGH�A. niger ATCC 9642 

VXúX� NXOODQÕOGÕ�� %X� VXú� $GQDQ� 0HQGHUHV� hQLYHUVLWHVL� )HQ-Edebiyat Fakültesi 

%L\RORML�E|O�P�QGHQ�WHPLQ�HGLOPLúWLU�� 
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������6SRUXODV\RQ�RUWDPÕQÕQ�KD]ÕUODQPDVÕ 
 

 ����P/¶OLN�ELU�HUOHQH�����P/����¶OLN�0DOW�(NVWUDNW�$JDU�DOÕQDUDN�����GDNLND�
PDJQHWLN� NDUÕúWÕUÕFÕGD� NDUÕúWÕUÕOGÕ�� 0LNURGDOJD� IÕUÕQGD� KRPRMHQ� ELU� J|U�Q�P� DODQD�
NDGDU�ÕVÕWÕOGÕNWDQ�VRQUD�������&¶GH����GDNLND�RWRNODYODQGÕ��2WRNODYODQDQ�HUOHQ�\DWÕN�
ELU�úHNLOGH�VDELWOHQHUHN�DJDUÕQ�NDWÕODúPDVÕ�EHNOHQGL��ùHNLO������� 

 
  ùHNLO�����%HVL�RUWDPÕ�EXOXQGXUDQ�HUOHQLQ�\DWÕN� 

olarak sabitlenmesi. 
 

 +D]ÕUODQDQ� VSRUXODV\RQ� RUWDPÕQD� VWRN�A. niger� $7&&� ����� VXúX� �o� QRNWD�
KDOLQGH�HNLOGL�YH�����&¶OLN�HW�YGH���J�Q�VSRUODQPD\D�EÕUDNÕOGÕ� 
 

������6SRUODUÕQ�HOGHVL�YH�VSRU�VD\ÕPÕ 
 

 2OXúDQ� VSRUODU�� VSRUXODV\RQ� RUWDPÕQGDQ� VWHULO� ��� P/��� ���¶OLN� 7ZHHQ� ���
o|]HOWLVL� LOH� DOÕQGÕ�� 7ZHHQ� ��� o|]HOWLVL� ��� GDNLND� V�UHNOL� NDUÕúWÕUÕODUDN� VSRUODUÕQ�
o|]HOWL\H�JHoLúL�VD÷ODQGÕ�� 
 (OGH� HGLOHQ� VSRUODU� VD\ÕP� LoLQ� ��� YH� ���� NH]� VH\UHOWLOGL�� 6H\UHOWPH� LúOHPL�
NDSDNOÕ� W�SOHUH� DOÕQDQ���P/� VWHULO� GLVWLOH� VX� �]HULQH� ��P/� VSRU� o|]HOWLVL� HNOHQHUHN�
\DSÕOGÕ�� (OGH� HGLOHQ� �� ��¶OXN� o|]HOWLGHQ� �� P/� DOÕQÕS� �� P/� VWHULO� GLVLWLOH� VX� LOH�
NDUÕúWÕUÕODUDN����¶OLN�VH\UHOWPH�HOGH�HGLOGL� �ùHNLO�������+HU�ELU� VH\UHOWPHGH�7KRPD�
ODPÕ�LOH�VSRU�VD\ÕPÕ�\DSÕOGÕ� 
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   ùHNLO�����6SRU çözeltilerinin seyreltilmesi. 

  

 ThoPD�ODPÕ�KHU�ELU����E�\�N�NDUH�LoLQGH����N�o�N�NDUH�LoHUHQ�ODP�VLVWHPLGLU��
%X� ODP� �]HULQGH� EXOXQDQ� ��� E�\�N� NDUHGHNL� VSRU� VD\ÕODUÕ� VD\ÕOÕS�� DúD÷ÕGD� YHULOHQ�
GHQNOHPGH�\HULQH�NRQDUDN�WRSODP�VSRU�VD\ÕVÕ�EXOXQGX��7KRPD�ODPÕQGD���DGHW���¶OÕN�
E�\�N�NDUH�ROGX÷X�LoLQ�VD\ÕODQ�VSRUODUÕQ�RUWDODPDVÕ�DOÕQGÕ�� 
 

 7RSODP�VSRU�VD\ÕVÕ� �$�[�6)�[���4  

 

 Burada:  

 $� ����NDUHGHNL�VSRU�VD\ÕVÕ 
 SF = Seyreltme faktörü 

 104 = 0,1 mm3¶GHNL�VD\ÕPÕ���P/¶\H�oHYLUHQ�NDWVD\Õ 
 

����øPPRELOL]DV\RQ�øúOHPL 
 

 6SRU�o|]HOWLOHULQGHQ���P/�DOÕQDUDN�VWHULOL]H�HGLOPLú���P/�X\JXQ�GHULúLPGHNL�
DOJLQDW�o|]HOWLVL� LOH�NDUÕúWÕUÕOÕS��YRUWHNVOHQGL��(OGH�HGLOHQ�DOJLQDW-spor çözeltisi steril 

DOJLQDW�GHULúLPLQH�HúLW�GHULúLPGHNL�&D&O2 çözeltisine 10 cm mesafeden bir enjektör (8 

PP� oDSOÕ�� \DUGÕPÕ� LOH� GDPODWÕODUDN� N�UHOHULQ� ROXúXPX� VD÷ODQGÕ� �ùHNLO� ������ +HU�
LPPRELOL]DV\RQ�LúOHPLQGH�����DGHW�N�UH�ROXúWXUXOGX��'DKD�VRQUD�VWHULO�GLVWLOH�VX�LOH�
\ÕNDQDQ�LPPRELOL]H�VSRUODU�E�\�PH�RUWDPÕQD�DOÕQGÕ�� 
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  ������ùHNLO�����$OJLQDW�N�UHQLQ�ROXúWXUXOPDVÕQÕQ�úHPDWLN� 
          olarak gösterimi. 

 

����0LNUREL\DO�%�\�PHQLQ�ø]OHQPHVL 
 

 %�\�PH�RUWDPÕ� LoLQ�DúD÷ÕGD�GHULúLPOHUL�YHULOPLú�RODQ�NLP\DVDOODU�NXOODQÕOGÕ�
(Hayashida and Teramoto, 1986). 

  NaNO3     3 g/L 

  KCl      0,5 g/L 

  MgSO4.7H2O     0,5 g/L 

  FeCl2.4H2O     0,01 g/L 

  KH2PO4     1,0 g/L 

  Pepton      10 g/L 

  Glukoz      20 g/L 
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 ���� P/¶OLN� HUOHQOHUH� DOÕQDQ� ��� P/� EHVL� RUWDPODUÕ�� ���� �&¶GH� ��� GDNLND�
RWRNODYODQDUDN�VWHULOL]H�HGLOGL��øPPRELOL]H�VSRUODU�EX�RUWDPD�DNWDUÕOGÕ� 

Alginat kürelere immobLOL]H� HGLOPLú� RODQ� A. niger� $7&&� ����� VSRUODUÕ�
E�\�PH� RUWDPODUÕQD� LQRNXOH� HGLOGL� YH� EHVL� RUWDPODUÕ� ��� �&¶GH� ���� USP� KÕ]GD�
oDONDODPD�KDUHNHWL� \DSDQ� VX� EDQ\RVXQD�NR\XOGX��6ÕIÕUÕQFÕ�J�QGHQ� LWLEDUHQ�KHU�J�Q�
HUOHQOHUGHNL�N�UHOHU�V�]�OHUHN�DOÕQGÕ�YH�GLVWLOH�VX�LOH�\ÕNDQGÕ��<ÕNDQDQ�N�UHOHU�GDUDVÕ�
DOÕQPÕú�ILOWUH�ND÷ÕWODUÕQD�DOÕQDUDN�����&¶GH�ELU�J�Q�ER\XQFD�NXUXWXOGX��øPPRELOL]H�A. 

niger� $7&&� ����¶QLQ� QHW� NXUX� D÷ÕUOÕ÷Õ� KHVDSODQDUDN� �� J�Q� ER\XQFD� PLNUREL\DO�
büyüme izlendi. 

 

3.5 Mikrobiyal Büyümenin Optimizasyonu 

 

3.����.�UHOHULQ�ROJXQODúPD�V�UHOHULQLQ�RSWLPL]DV\RQX 

 

 2OXúWXUXODQ�LPPRELOL]H�N�UHOHU�&D&O2 çözeltisi içinde 4 °C’de 30, 60 ve 120 

GDNLND�EÕUDNÕODUDN�ROJXQODúPDVÕ�VD÷ODQGÕ��%HOLUWLOHQ�V�UHOHU�VRQXQGD�N�UHOHU�E�\�PH�
RUWDPODUÕQD� DOÕQDUDN� PLNUREL\DO� E�\�PH� L]OHQGL�� $\QÕ� GHQHPH�� ROJXQODúPD\D�
EÕUDNÕOPD\DQ� ��� ROJXQODúPD� V�UHVL�� N�UHOHULQ� GLUHNW� E�\�PH� RUWDPÕQD� DOÕQPDVÕ� LOH�
WHNUDUODQGÕ�� 0DNVLPXP� E�\�PHQLQ� J|]OHQGL÷L� ROJXQODúPD� V�UHVL� RSWLPXP�
ROJXQODúPD�V�UHVL�RODUDN�NDEXO�HGLOGL� 
 

������$OJLQDW�GHULúLPLQLQ�RSWLPL]DVyonu 

 

 )DUNOÕ�GHULúLPOHUGH�KD]ÕUODQPÕú�DOJLQDW�o|]HOWLOHUL�����������������LOH�\DSÕODQ�
LPPRELOL]DV\RQODU�VRQXQGD�HOGH�HGLOHQ�N�UHOHULQ�EHVL�RUWDPÕ�LoLQGH�E�\�PHOHUL�WDNLS�
HGLOHUHN�RSWLPXP�DOJLQDW�GHULúLPL�EHOLUOHQGL��%XQXQ�LoLQ����������YH����¶O�N��Z�Y��
alJLQDW�o|]HOWLOHUL�KD]ÕUODQDUDN�A. niger�$7&&������VSRUODUÕ�LOH�LPPRELOL]H�HGLOHUHN�
VÕUDVÕ� LOH� �� ��� �� �� YH� �� �¶O�N� �Z�Y�� &D&O2� o|]HOWLVLQH� GDPODWÕOGÕ�� (OGH� HGLOHQ�
LPPRELOL]H� IXQJXVODU�� E�\�PH� RUWDPÕQD� DOÕQDUDN� KHU� ELU� GHULúLP� LoLQ� PLNUREL\DO�
büyümeler izlenGL�YH�PDNVLPXP�E�\�PHQLQ�J|]OHQGL÷L�DOJLQDW�GHULúLPL�WHVSLW�HGLOGL�� 
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������%HVL�RUWDPÕQGDNL�JOXNR]�GHULúLPLQLQ�RSWLPL]DV\RQX 

 

 %HVL� RUWDPÕQGDNL� JOXNR]XQ�PLNWDUÕ��� ��� �� ����� �� YH��� �� RODUDN� úHNLOGH�
GH÷LúWLULOGL� YH� LPPRELOL]H� IXQJXVODUÕQ� EX� RUWDPODUGDNL� E�\�meleri ölçüldü. Elde 

HGLOHQ� YHULOHUGHQ� PDNVLPXP� E�\�PHQLQ� ROGX÷X� JOXNR]� GHULúLPL� EXQGDQ� VRQUDNL�
GHQHPHOHUGH�NXOODQÕOGÕ� 
 

������6SRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕQÕQ�RSWLPL]DV\RQX 

 

 2SWLPXP� VSRU� o|]HOWLVL�DOJLQDW� o|]HOWLVL� RUDQÕQÕQ� WHVSLWL� LoLQ� �� P/� VSRr 

o|]HOWLVL� LOH� ��� �� YH� �� P/� DOJLQDW� o|]HOWLOHUL� NDUÕúWÕUÕODUDN� LPPRELOL]DV\RQ� LúOHPL�
JHUoHNOHúWLULOGL� �dR÷X� OLWHUDW�UGH� ���� RUDQÕ� NXOODQÕOÕUNHQ�� GL÷HU� RUDQODUGD� GHQHQGL���
øPPRELOL]H� A. niger� $7&&� ����¶OHU� E�\�PH� RUWDPODUÕQD� DOÕQDUDN� PDNVLPXP�
büyümenin gözOHQGL÷L�HQ�X\JXQ�VSRU�DOJLQDW�o|]HOWLVL�RUDQÕ�WHVSLW�HGLOGL� 
 

������%HVL�RUWDPÕ�S+¶ÕQÕQ�RSWLPL]DV\RQX 

  

 %|O�P� ���¶GH� ELOHúLPL� YHULOHQ� EHVL� RUWDPÕQÕQ� RGD� VÕFDNOÕ÷ÕQGDNL� S+¶Õ� �����
RODUDN�|Oo�OP�úW�U��%X�RUWDPD�����1�+&O�YH\D�����1�1D2+�LODYH�HGLOHUHN�VÕUDVÕ ile 

S+¶Õ������YH�������RODQ�EHVL�RUWDPODUÕ�KD]ÕUODQPÕúWÕU� 
 S+¶Õ������������YH������RODUDN�D\DUODQDQ�EHVL�RUWDPODUÕQD�DOÕQDQ�LPPRELOL]H�
IXQJXVODUÕQ� PLNUREL\DO� E�\�PHOHUL� L]OHQHUHN� PDNVLPXP� E�\�PHQLQ� ROXúWX÷X� S+��
optimum pH olarak kabul edildi. 

 

3.6 A. niger�$7&&�����¶QLQ�6DOJÕODGÕ÷Õ�(Q]LPOHULQ�7HVSLWL 
 

 øPPRELOL]H� PLNURRUJDQL]PDODUÕQ� HQ� |QHPOL� NXOODQÕP� DODQODUÕQGDQ� ELULVL�
HQ]LP� �UHWLPL�� GL÷HUL� GH� �UHWLOHQ� HQ]LPOHU� DUDFÕOÕ÷Õ� LOH� DWÕN� DUÕWÕPÕGÕU�� %X� QHGHQOH�
LPPRELOL]H�K�FUHOHULQ�KDQJL�HQ]LPOHUL��UHWWL÷LQLQ�Wespit edilmesi önemlidir. Pek çok 
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HQ]LP� WHVSLW� HGLOHELOLU� DQFDN� EX� oDOÕúPDQÕQ� \DSÕOGÕ÷Õ� ODERUDWXDU� NRúXOODUÕQGD� WHVW�
HGLOHELOHFHN� YH� DWÕN� VXODUÕQ� RUJDQLN� ELOHúHQOHULQLQ� \ÕNÕOPDVÕQGD� \DUDUODQÕODELOHFHN�
G|UW�HQ]LPDWLN�DNWLYLWH�WHVW�HGLOPLúWLU� 
 

3.6.1 Kalitatif lipaz aktivitesi tayini 

 

 A. niger ATCC 9642’de lipolitik aktivite Tween 80 agar yöntemi ile 

EHOLUOHQGL��+DED�HW�DO���������%X�LúOHP�LoLQ�������¶OLN�&D&O2 içeren 250 mL % 5’lik 

PDOW�HNVWUDNW�DJDU�KD]ÕUODQGÕ�YH������&¶GH����GDNLND�RWRNODYODQDUDN�VWHULOL]e edildi. 

��� �&¶\H� NDGDU� VR÷XWXODQ� DJDUD� VRQ� GHULúLPL��� �� RODFDN� úHNLOGH� VWHULO� 7ZHHQ� ���
HNOHQGL��$JDU�SHWUL�NDSODUÕQD�G|N�OG��YH�VHUWOHúWLNWHQ�VRQUD�A. niger üç nokta ve tek 

QRNWD�úHNOLQGH�HNLOGL����J�Q�VRQXQGD�IXQJXV�NRORQLOHUL�HWUDIÕQGDNL�RSDN�]RQ�FHWYHl ile 

|Oo�OG��� /LSROLWLN� DNWLYLWH�� RSDN� ]RQ� oDSODUÕ� IXQJXV� NRORQL� oDSÕQD� RUDQODQDUDN�
EHOLUOHQGL�� 2UDQ� �¶GHQ� E�\�N� LVH� L\L�� �� LOH� �� DUDVÕ� LVH� RUWD�� �¶GHQ� N�o�N� LVH� ]D\ÕI�
RODUDN�VÕQÕIODQGÕUÕOGÕ��,RQLWD�HW�DO�������� 
 

3.6.2 Kalitatif amilolitik aktivite tayini 

 

 A. niger ATCC 9642’nin amilotik aktivitesi amilaz besi yerinde belirlendi. 

%XQXQ�LoLQ�����DJDU��������VDIUD�WX]X������o|]�Q�U�QLúDVWD�LoHUHQ�RUWDP������&¶GH�
15 dakika otoklavlanarak sterilize edildi. 40–��� �&¶\H� NDGDU� VR÷X\DQ� RUWDPD� VRQ�
GHULúLPL��������RODFDN�úHNLOGH�VWHULO�\HDVW�QLWURMHQ�ED]����J�.+2PO4, 5 g (NH4)2SO4, 

0,1 g NaCl, 0,1 g CaCl2, 2 mg Myo-inositol, 0,5 g MgSO4.7H2O, 2 mg CoCl2, 2 mg 

ZnCl2, 2 mg FeSO4.7H2O, 2 mg Biotin 1000 mL’ye saf su ile tamamlanarak 

KD]ÕUODQGÕ�� LODYH� HGLOGL�� 2UWDP� SHWULOHUH� G|N�OHUHN� NXUXPDVÕ� VD÷ODQGÕ�� A. niger 

N�OW�UOHUL� EX� SHWULOHUH� LQRNXOH� HGLOHUHN� ��� �&¶GH� �� J�Q� LQN�EH� HGLOGL�� øQN�EDV\RQ�
VRQUDVÕQGD� SHWULOHUH� L\RG�U� o|]HOWLVL� ��� ���� ,2 + % 0,6 KI) püskürtülerek fungus 

NRORQLOHUL�HWUDIÕQGD�ROXúDQ�DoÕN�]RQ�oDSÕ�|Oo�OG���$PLOROLWLN�DNWLYLWH��DoÕN�]RQ�oDSÕ�
NRORQL�oDSÕQD�RUDQODQDUDN�EHOLUOHQGL��+\XQ�HW�DO��������� 
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3.6.3 Kalitatif proteolitik aktivite tayini 

 

 Proteolitik aktivite % 10 skim milk içeren malt ekstrakt agar yöntemi ile 

EHOLUOHQGL��3HUHLUD�HW�DO���������%X�LúOHP�LoLQ��PDOW�HNVWUDNW�YH�\D÷VÕ]�V�W�WR]X��VNLP�
PLON�� D\UÕ� RODUDN� ���� �&¶GH� ��� GDNLND� RWRNODYODQGÕ�� 2UWDPODU� ��� �&¶\H� NDGDU�
VR÷XWXOGXNWDQ� VRQUD�� VNLP� PLON� o|]HOWLVL� VRQ� GHULúLPL� �� ��� RODFDN� úHNLOGH� PDOW�
HNVWUDNW� DJDU� RUWDPÕQD� HNOHQGL� YH� SHWULOHUH� G|N�OHUHN� NXUXPDVÕ� VD÷ODQGÕ��A. niger 

N�OW�UOHUL�SHWULOHUH�HNLOHUHN�����&¶GH���J�Q�LQN�EH�HGLOGL��.RORQLOHU�HWUDIÕQGD�ROXúDQ�
úHIIDI�]RQ�SURWHROLWLN�DNWLYLWH�RODUDN�EHOLUOHQLUNHQ��EX�DNWLYLWHQLQ�GHUHFHVL�úHIIDI�]RQ�
oDSÕ�NRORQL�oDSÕQD�RUDQODQDUDN�EHOLUOHQGL�� 
 

3.6.4 Katalaz aktivitesi tayini 

 

 .DWDOD]�DNWLYLWHVLQLQ�WD\LQLQGH�VSHNWURIRWRPHWULN�ELU�\|QWHP�NXOODQÕOGÕ��$HEL��
������� %X� \|QWHPGH�� NDWDOD]� HQ]LPLQLQ� VXEVUDWÕ� RODQ� +2O2’in 240 nm’deki 

DEVRUVL\RQXQGDNL� G�ú�úWHQ� \DUDUODQÕODUDN� DNWLYLWH� WD\LQL� \DSÕOGÕ�� %XQXQ� LoLQ� kör 

olarak Tris-+&O�����P0��S+������NXOODQÕOÕUNHQ��VWDQGDUW�o|]HOWL�LoLQ������P0�+2O2 

o|]HOWLVL��HQ]LPOL�|UQHN�LoLQ�LVH���P/�HQ]LP�o|]HOWLVL��EHVL�RUWDPÕQÕQ�VÕYÕ�NÕVPÕQGDQ�
DOÕQDQ���P/�|UQHN��LoHUHQ������P0�+2O2�o|]HOWLVL�NXOODQÕOGÕ��+D]ÕUODQDQ�o|]HOWLOHU�
����&¶GH����GDNLND�EHNOHWLOGL�YH�����QP¶GH�DEVRUEDQVODUÕ�N|UH�NDUúÕ�|Oo�OG���(Q]LP�
o|]HOWLVLQGHNL� DEVRUEDQV� GH÷LúLPL� VWDQGDUGÕQ� DEVRUEDQVÕQGDQ� HQ]LP� o|]HOWLVLQLQ�
DEVRUEDQVÕQÕQ� oÕNDUÕOPDVÕ� LOH� EXOXQGX�� 9HULOHU�� ∆A = ε.c.d formülünde yerine 

konularak aktivitH�KHVDSODQGÕ��ε = 39,4 M-1cm-1). 
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���� øPPRELOL]H�A. niger ATCC 9642’nin Boya Giderimi ve Zeytin 

.DUDVX\XQXQ� 5HQJLQLQ� *LGHULPLQGH� .XOODQÕODELOLUOL÷LQLQ�
$UDúWÕUÕOPDVÕ 

 

������ øPPRELOL]H�A. niger ATCC 9642’nin boya giderme kapasite- 

sinin incelenmesi 

 

 A. niger�$7&&�����¶QLQ�ER\D�JLGHUPH�NDSDVLWHVL�DOÕQDQ� WHNVWLO�ER\DODUÕ�YH�
WHNVWLO� IDEULNDVÕ� DWÕNODUÕ� NXOODQÕODUDN� DQDOL]OHQGL�� 7HNVWLO� ER\DODUÕ� RODQ� (YHUGLUHFW�
Supra (ES) Blue 4BL ve ES Red BWS Adnan Menderes Üniversitesi Kimya 

Bölümü’nden temin edilirken; teNVWLO� IDEULNDVÕ� DWÕNODUÕ�� $\GÕQ� 8PXUOX� VDQD\LL�
VLWHVLQGH�EXOXQDQ�0XWoDOÕ�WHNVWLO�IDEULNDVÕQGDQ������������WDULKLQGH�DOÕQGÕ��'HQH\VHO�
DúDPD\D� JHoPHGHQ� |QFH�� WHNVWLO� ER\DODUÕQÕQ� o|]HOWLOHUL� KD]ÕUODQGÕ� YH� EX� ER\DODUÕQ�
UV-*|U�Q�U� E|OJH� VSHNWUXPODUÕ� DOÕQDUDN� PDksimum absorbans verdikleri dalga 

ER\ODUÕ�EHOLUOHQGL��A. niger�$7&&�����¶QLQ�WHNVWLO�ER\DODUÕQÕ�JLGHUPH�NDSDVLWHVLQLQ�
LQFHOHQPHVLQGH��IDUNOÕ�GHULúLPOHUGH�WHNVWLO�ER\DODUÕ�����PJ�/�����PJ�/�YH����PJ�/��
LoHUHQ� EHVL� RUWDPODUÕ� KD]ÕUODQDUDN� EX� EHVL� RUWDPODUÕQD� immobilize A. niger ATCC 

�����VSRUODUÕ�HNLOGL��7HNVWLO�DWÕNODUÕQÕQ�ER\D�JLGHULPLQLQ�|Oo�P�QGH�LVH��EHVL�RUWDPÕ�
GLVWLOH� VX�\HULQH�JHUoHN� WHNVWLO� IDEULNDVÕ�DWÕ÷Õ� LOH�KD]ÕUODQGÕ�YH� LPPRELOL]H�A. niger 

ATCC 9642 bu ortama inokule edildi. Boya giderimi, tekstil�ER\DODUÕ�LoLQ��EHOLUOHQHQ�
dalga boyunda (ES Blue 4BL için 518 nm, ES Red 506 nm) ölçülen absorbans 

G�ú�ú�� LOH� WHVSLW� HGLOLUNHQ�� WHNVWLO� DWÕNODUÕ� EHOLUOL� ELU� GDOJD� ER\XQGD� PDNVLPXP�
DGVRUEVL\RQ� J|VWHUPHGLNOHUL� LoLQ� VSHNWUXPODUÕ� DOÕQGÕ�� *�QOHUH� J|UH� DOÕQDQ�
sSHNWUXPODUGDNL�DEVRUEDQV�G�ú�ú��L]OHQHUHN�ER\D�JLGHULPL�LQFHOHQGL��%XQXQ�LoLQ����
VDDWWH� ELU� VWHULO� NRúXOODU� DOWÕQGD� EHVL� RUWDPODUÕQGDQ� ���� P/� VÕYÕ� |UQHN� DOÕQGÕ� YH�
o|]HOWLGH�DVÕOÕ�NDWÕ�SDUWLN�OOHULQ�o|NPHVL�LoLQ�������USP¶GH���GDNLND�VDQWULI�M�HGLOGL��
SüperQDWDQWÕQ�DEVRUEDQVÕQÕQ���J�Q�ER\XQFD�|Oo�OPHVL� LOH�A. niger ATCC 9642’nin 

boya giderme kapasitesi incelendi. 
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������� øPPRELOL]H� A. niger ATCC 9642’nin zeytin karasuyununun 

rengini giderme kapasitesinin incelenmesi 

a) Zeytin karasuyunun spektroskopik özelliklerinin incelen- 

mesi 

 =H\WLQ� NDUDVX\X� $\GÕQ� PHUNH]H� ED÷OÕ� ELU� N|\� RODQ� .Õ]ÕOFDN|\¶GH� EXOXQDQ�
0HKPHW� øQFH� .RQWLQH� VLVWHP� ]H\WLQ\D÷Õ� IDEULNDVÕQGDQ� ����������� WDULKLQGH� WHPLQ�
HGLOGL�� $OÕQDQ� ]H\WLQ� NDUDVX\X� |UQHNOHULQGH� LON� RODUDN� VH\UHOWPHOHU� \DSÕODUDN�
maksimum absorbans verilen dalga boyu belirlendi. Bunun için bir tülbentten 

V�]�OHQ�]H\WLQ�NDUDVX\X�|UQHNOHUL������USP¶GH���GDNLND�VDQWULI�M�HGLOGL��6ÕYÕ�NÕVÕP�
DOÕQDUDN�� VDI� VX� LOH� ��� NDW� ��� NDW� YH� ���� NDW� VH\UHOWLOGL� YH� VSHNWUXPODUÕ� DOÕQDUDN�
maksimum absorbanVÕQ�J|]OHQGL÷L�GDOJD�ER\X�WHVSLW�HGLOGL�� 

b) Zeytin karasuyunda toplam protein tayini 

 Zeytin karasuyunda toplam protein tayini Bradford (1976) yöntemi ile 

\DSÕOGÕ��%X�\|QWHPGH�����µL örnek çözeltisi üzerine 2,5 mL Bradford reaktifi eklendi 

ve vorteks ile NDUÕúWÕUÕOGÕ�� 2OXúDQ� PDYL� UHQNOL� o|]HOWLQLQ� ���� QP¶GHNL� DEVRUEDQVÕ�
|Oo�OHUHN�SURWHLQ�WD\LQL�\DSÕOGÕ��.|U�RODUDN����µ/�VDI�VX�NXOODQÕOGÕ��3URWHLQ�WD\LQLQGH�
VWDQGDUW�SURWHLQ�RODUDN�%6$��VÕ÷ÕU�VHUXP�DOEXPLQ��NXOODQÕOGÕ��%XQXQ�LoLQ����PJ�P/�
GHULúLPLQGH�KD]ÕUODQDQ�%6$� VWRN� o|]HOWLVLQGHQ�\ROD� oÕNDUDN� VH\UHOWPHOHU�\DSÕODUDN�
0,1; 0,2; 0,4; 0,6; 0,8; 1,0; 1,2 ve 1,4 mg/mL’lik standart protein çözeltileri 

KD]ÕUODQGÕ�� 
Zeytin karasuyunda protein tayini için ise örnekler, 2 kat, 5 kat, 10 kat ve 20 

kat seyreltilerek prRWHLQ�WD\LQL�SURVHG�U��X\JXODQGÕ� 
c) Zeytin karasuyunda toplam karbohidrat tayini 

 Zeytin karasuyunda toplam karbohidrat tayini fenol-sülfürik asit metodu ile 

belirlendi (Dubois et al. 1956). Bu prosedüre göre, 1 mL % 5’lik fenol çözeltisi ile 1 

mL karbohiGUDW� o|]HOWLVL� NDUÕúWÕUÕOGÕ� YH� �]HULQH� ��P/�GHULúLN� V�OI�ULN� DVLW� o|]HOWLVL�
HNOHQGL��.DUÕúWÕUÕODQ�|UQHNOHU����GDNLND�EHNOHWLOGL�YH�����QP¶GH�N|UH�NDUúÕ�DEVRUEDQV�
RNXQGX�� .|U� RODUDN� NDUERKLGUDW� o|]HOWLVL� \HULQH� VDI� VX� NXOODQÕOGÕ�� 6WDQGDUW� o|]HOWL�
olarak 10’DU�ELULPOLN�DUDOÕNODUOD���–100 µJ�P/¶OLN�JOXNR]�o|]HOWLOHUL�KD]ÕUODQGÕ��$\QÕ�
LúOHPOHU� EX� o|]HOWLOHU� LoLQ� GH� WHNUDUODQDUDN� JOXNR]� VWDQGDUWODUÕ� ROXúWXUXOGX�� =H\WLQ�
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NDUDVX\XQGD�LVH�����NDW�����NDW�YH�����NDW�VH\UHOWPHOHU�\DSÕODUDN�IHQRO-sülfürik asit 

metodu iOH�NDUERKLGUDW�WD\LQL�\DSÕOGÕ�� 
d) Zeytin karasuyu üzerinde immobilize A. niger ATCC 

����¶QLQ�NXOODQÕPÕ 
 =H\WLQ� NDUDVXODUÕQÕQ� �� NDW�� ��� NDW� YH� ��� NDW� VH\UHOWLOHUHN� NXOODQÕOGÕ÷Õ�
GHQHPHGH�� KHU� VH\UHOPH� RUDQÕ� LoLQ� EHVL� RUWDPÕ� LoHUHQ� YH� LoHUPH\HQ� RUWDPODUD� A. 

niger $7&&� ����� HNLPL� JHUoHNOHúWLULOHUHN�� ]H\WLQ� NDUDVX\XQX� UHQNVL]OHúWLUPH�
|]HOOLNOHUL�LQFHOHQGL��%XQXQ�LoLQ��EHOLUOHQHQ�GDOJD�ER\XQGD�����VDDW�DUDOÕNODU�LOH���J�Q�
ER\XQFD�� KHU� ELU� GHQHPHGHQ� |UQHNOHU� DOÕQDUDN� ]H\WLQ� NDUDVX\XQXQ� PDNVLPXP�
DEVRUEVL\RQ� \DSWÕ÷Õ� GDOJD� ER\X� RODQ� ���� QP¶GH� YHUGLNOHUL� DEVRUEVL\RQ� |Oo�OG���
6RQXoODU������¶GH�WDUWÕúÕOGÕ� 
 

����6(0�)RWR÷UDIODUÕQÕQ�dHNLPL 
 

 Küreler üzerinde A. niger ATCC 9642 büyümesinin gözlenebilmesi için 

DOÕQDQ��� IDUNOÕ�|UQH÷LQ�6(0� �WDUDPDOÕ� HOHNWURQ�PLNURVNRS�� IRWR÷UDIODUÕ� oHNLOGL�� øON�
|UQHN����J�QGH�DOÕQDQ�DOJLQDW�N�UHOHU��LNLQFL�|UQHN�EHVL�RUWDPÕQGD��]HULQGH�A. niger 

$7&&������E�\�PHVL�RODQ����J�Q�VRQXQGD�DOÕQDQ�N�UHOHU���o�QF��|UQHN�LVH�VHUEHVW�
A. niger�$7&&�����¶GLU�����J�Q�|UQH÷L�RODQ�ERú�N�UH�VWHULO�&D&O2 çözeltisi içinde, 5. 

J�Q�|UQH÷L�YH�VHUEHVW�A. niger ATCC 9642 ise steril distile su içinde ependorf tüplere 

DOÕQDUDN�D÷Õ]ODUÕ�VÕNÕFD�NDSDWÕOGÕ��+D]ÕUODQDQ�|UQHNOHU�6(0�IRWR÷UDIODUÕQÕQ�oHNLOPHVL�
LoLQ�øQ|Q��hQLYHUVLWHVL�)HQ�(GHEL\DW�)DN�OWHVL�.LP\D�%|O�P�¶QH�J|QGHrildi.  

 6(0� IRWR÷UDIODUÕQÕQ� oHNLPLQGH� /HR� HYR� ��� PDUND� 6(0� FLKD]Õ� NXOODQÕOGÕ��
+Õ]ODQGÕUPD� SRWDQVL\HOL� ��� N9� RODUDN� D\DUODQGÕ�� ���-����� DUDVÕ� E�\�WPH�
JHUoHNOHúWLULOGL�� 7XQJVWHQ� IODPHQW� NXOODQÕOGÕ�� dDOÕúPD� DUDOÕ÷Õ� ��-15 mm olarak 

seçildi. 
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���$5$ù7,50$�%8/*8/$5,�9(�7$57,ù0$ 

 

4.1 0LNUREL\DO�%�\�PHQLQ�2SWLPL]DV\RQX�6RQXoODUÕ� 
 

 Alginat üzerine A. niger� $7&&� ����¶QLQ� LPPRELOL]DV\RQ� NRúXOODUÕQÕQ�
RSWLPL]DV\RQX� LoLQ� ROJXQODúPD� V�UHVL�� X\JXQ� DOJLQDW� GHULúLPL�� X\JXQ� JOXNR]�
GHULúLPL��X\JXQ�VSRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕ�YH�X\JXQ�S+�WHVSLWOHUL�\DSÕOGÕ� 
 

������2OJXQODúPD�V�UHVL 
 

A. niger� $7&&� ����� LoHUHQ� N�UHOHULQ� ROJXQODúPD� V�UHVLQLQ� RSWLPL]DV\RQX�
için CaCl2�o|]HOWLVL� LoLQGH����&¶GH�����������YH�����GDNLND�ROJXQODúPD\D�EÕUDNÕODQ�
N�UHOHULQ� EHVL� RUWDPÕQD� DOÕQGÕNWDQ� VRQUD� HOGH� HGLOHQ� E�\�PH� H÷ULOHUL� ùHNLO� ���¶GH�
J|VWHULOPLúWLU�� 
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ùHNLO� ���� $OJLQDW� �]HULQH� LPPRELOL]H� ROPXú� A. niger� $7&&� ����¶QLQ� EL\RN�WOHVLQLQ� ROJXQODúPD�
V�UHVLQH�ED÷OÕ�RODUDN�GH÷LúLPL�� 
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ùHNLO� ���¶GHQ� J|U�OG�÷�� JLEL� EL\RN�WOHGHNL� PDNVLPXP� DUWÕú� �� GDNLND�
ROJXQODúPD�V�UHVLQLQ�X\JXODQPDVÕ�KDOLQGH�HOGH�HGLOPLúWLU��%X�QHGHQOH�GDKD�VRQUDNL�
oDOÕúPDODUGD� �� GDNLND� ROJXQODúPD� V�UHVL� NXOODQÕOPÕúWÕU�� 2OJXQODúPD� V�UHVLQLQ�
RSWLPL]DV\RQX�LOH�LOJLOL�\DSÕODQ�ELU�oDOÕúPDGD���������������ve 2,0 saat CaCl2 çözeltisi 

içinde bekletilen alginat üzerine immobilize Burkholderia sp. hücrelerinin 

EL\RDNWLYLWHVL� �]HULQGH� ROJXQODúPD� V�UHVLQLQ� |QHPOL� ELU� HWNL\H� VDKLS� ROPDGÕ÷Õ�
J|U�OP�úW�U��-LDQORJ�HW�D����������$OJLQDW��]HULQH�LPPRELOL]H�A. nigerin kuOODQÕOGÕ÷Õ�
LNL� IDUNOÕ� oDOÕúPDGD�� LPPRELOL]H�N�UHOHU� ROJXQODúPD\D�EÕUDNÕOPDGDQ�GR÷UXGDQ�EHVL�
RUWDPÕQD� DOÕQPÕúWÕU� �3DVKRYD� HW� DO��� ������� $\UÕFD�� LPPRELOL]H� N�UHOHULQ� &D&O2 
o|]HOWLVL� LoLQGH�����YH�����VDDW�ROJXQODúPD\D�EÕUDNÕOGÕ÷Õ�oDOÕúPDODU�YDUGÕU� �4XDQ�HW�
DO�������������¶OLN�DOJLQDWD�LPPRELOL]H�HGLOPLú�RODQ�Pseudomonas luteola’QÕQ�ER\D�
JLGHULPLQGH�NXOODQÕOGÕ÷Õ�ELU�oDOÕúPDGD�ROXúWXUXODQ�LPPRELOL]H�N�UHOHU����VDDW�&D&O2 
o|]HOWLVL� LoLQGH� ROJXQODúPD\D� EÕUDNÕOPÕúWÕU� �&KDQJ� HW� DO��� ������� %X� VRQXoODU�
göstermektedLU� NL� ROJXQODúPD� V�UHVL� �-��� VDDW� DUDVÕQGD� GH÷LúPHNWH� YH� KHU�
LPPRELOL]DV\RQ�LúOHPL�LoLQ�IDUNOÕ�RODELOPHNWHGLU� 
 0LNURRUJDQL]PDODUÕQ� �UHPH� JUDILNOHULQGH� ODJ� ID]�� ORJDULWPLN� ID]� YH� GDKD�
VRQUD� �U�Q� LQKLELV\RQX� QHGHQL\OH� GXUD÷DQ� ID]� ROXúXU��A. niger ATCC 9642’nin 6. 

J�QGHQ�VRQUD�GXUD÷DQ�ID]D�JLUGL÷L�J|U�OPHNWHGLU������GDNLND�ROJXQODúPD�V�UHVLQLQ�
X\JXODQGÕ÷Õ� GHQH\OHUGH� LVH� �UHWLPGH� G�úPH� J|]OHQPHNWHGLU��2OJXQODúPD� V�UHVLQLQ�
X]XQOX÷X� N�UHOHULQ� ULMLGLWHVLQL� DUWWÕUPDNWDGÕU�� 'DKD� ULMLW� N�UHOHU� LoLQGHNL� K�FUHOHULQ�
ürHWWL÷L� WRNVLN� PDGGHOHULQ� GLI�]\RQX� GDKD� \DYDú� RODFD÷Õ� LoLQ� EL\RN�WOHGH� D]DOPD�
olabilir.  

 

4.1.2 $OJLQDW�GHULúLPL 
 

 �� ��� �� �� YH� �� �� �Z�Y�¶O�N� DOJLQDW� o|]HOWLOHUL� NXOODQÕODUDN� \DSÕODQ�
immobilizasyon sonunda elde edilen küreler üzerindeki A. niger ATCC 9642’nin 

E�\�PH�H÷ULOHUL�ùHNLO����¶GH�YHULOPLúWLU� 
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 ùHNLO���� $OJLQDW�GHULúLPLQLQ�LPPRELOL]H�A. niger ATCC 9642’nin büyümesine etkisi. 

 

 ���¶OLN�DOJLQDW�GHULúLPL�LoHUHQ�N�UHOHUOH�\DSÕODQ��UHWLPGH����J�QGH�GDKD�ID]OD�
YHULP�DOÕQPDVÕQD�UD÷PHQ����J�Q�VRQXQGD����¶O�N�DOJLQDW�N�UHOHUGHNL�YHULPLQ�GDKD�
ID]OD� ROPDVÕ� QHGHQL\OH� GDKD� VRQUDNL� oDOÕúPDODUGD� �� �¶O�N� DOJLQDW� o|]HOWLVL�
NXOODQÕOPÕúWÕU���� �¶OLN� DOJLQDW� GHULúLPLQLQ� NXOODQÕOGÕ÷Õ� N�UHOHUGH�PXKWHPHOHQ� GDKD�
JHYúHN� \DSÕGDQ� GROD\Õ� EDúODQJÕoWDNL� VXEVWUDW� DNÕúÕ� GDKD� KÕ]OÕ� ROPDNWD� YH� �UHWLP�
DUWPDNWD�DQFDN�VÕNÕúPD�QHGHQL\OH�GDKD�VRQUD��UHPH�D]DOPDNWDGÕU�� 
 /LSD]� �UHWLPL� \DSÕODQ� YH� A. niger’in alginat üzerine immobilizasyonunun 

JHUoHNOHúWLULOGL÷L�ELU�oDOÕúPDGD��DOJLQDW�GHULúLPLQLQ�RSWLPL]DV\RQX�LoLQ�% 2, % 3 ve 

�� �� �Z�Y�¶O�N� DOJLQDW� o|]HOWLOHUL� NXOODQÕOPÕú� YH� HQ� L\L� �UHWLP� YHULPLQLQ� �� �¶O�N�
DOJLQDW� o|]HOWLVL� LOH� DOÕQGÕ÷Õ� UDSRU� HGLOPLúWLU� �(OODLDK� HW� DO�� ������� øPPRELOL]DV\RQ�
materyali olarak % 2, % 2,5, % 3 ve % 4 (w/v)’lük alginat çözeltilerinin kullaQÕOGÕ÷Õ�
oDOÕúPDODU� YDUGÕU� �$O-Rub et al., 2004; Fahy et al., 1997; Mehta and Gaur, 2001; 

4XDQ� HW� DO��� ������� $OJLQDW� GHULúLPLQLQ� DUWWÕUÕOPDVÕ� GDKD� GD\DQÕNOÕ� N�UHOHULQ�
ROXúPDVÕQD�QHGHQ�ROPDNOD�ELUOLNWH�NXOODQÕODQ�PLNURRUJDQL]PD\D�ED÷OÕ�RODUDN�DOJLQDW�
GHULúLPLQLQ�HWNLVL�IDUNOÕ�ROPDNWDGÕU��%X�GXUXP�GLI�]\RQHO�GLUHQLú�LOH�DoÕNODQDELOLU�� 
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������%HVL�RUWDPÕQGDNL�JOXNR]�GHULúLPL 
 

 %HVL�RUWDPÕQGDNL�JOXNR]�GHULúLPLQLQ�PLNUREL\DO�E�\�PH\H�RODQ�HWNLVL�ùHNLO�
���¶GH�J|VWHULOPLúWLU�� 
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% 4 (w /v) glukoz

ùHNLO� 4.3� %HVL� RUWDPÕQGDNL� JOXNR]� GHULúLPLQLQ� LPPRELOL]H� A. niger ATCC 9642’nin büyümesine 
etkisi. 
 

 %X�GHQH\LQ�DPDFÕ�RSWLPXP�VXEVWUDW�GHULúLPLQL�WHVSLW�HWPHNWLU��*OXNR]��EHVL�
RUWDPÕQD�IXQJXVODU� LoLQ�ELULQFLO�NDUERQ�ND\QD÷Õ�ROPDVÕ�QHGHQL\OH�HNOHQPLúWLU��ùHNLO�
4.�¶GHQ�J|U�OG�÷��JLEL�JHQHO�RODUDN�HQ�\�NVHN�EL\RN�WOH\H�����JOXNR]�GHULúLPL�LOH�
XODúÕOGÕ÷ÕQGDQ� GDKD� VRQUDNL� GHQH\OHUGH� EHVL� RUWDPÕQÕQ�JOXNR]�GHULúLPL�����RODFDN�
úHNLOGH�D\DUODQPÕúWÕU�� 
 �� �¶O�N� JOXNR]� GHULúLPL� LOH� JHUoHNOHúWLULOHQ� GHQH\GH�� ��� J�QGHQ� VRQUD�
EL\RN�WOHGHNL�PH\GDQD� JHOHQ� D]DOPD�� ��� J�QGHQ� LWLEDUHQ�PLNURRUJDQL]PDODUÕQ� oRN�
KÕ]OÕ�E�\�PHVL�QHGHQL\OH��PLNURRUJDQL]PDODUÕQ�|O�P�ID]ÕQD�GDKD�HUNHQ�JLUPHVLQGHQ�
kaynaklanabilir.  

 øPPRELOL]H�A. niger�NXOODQÕODUDN�VLWULN�DVLW��UHWLPLQLQ�\DSÕOGÕ÷Õ�ELU�oDOÕúPDda, 

JOXNR]�GHULúLPLQLQ� RSWLPL]DV\RQXQGD�����������YH����� �Z�Y�� JOXNR]�GHULúLPOHUL�
NXOODQÕOPÕúWÕU�� <DSÕODQ� RSWLPL]DV\RQ� GHQH\OHUL� VRQXQGD� �� �¶GHQ� �� ��¶D� oÕNDQ�
JOXNR]� GHULúLPL� LOH� EL\RN�WOHGH� ELU� DUWÕú� ROXUNHQ�� �� ��¶OLN� JOXNR]� GHULúLPLQGH� ��
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5’likten daha az ELU� E�\�PH� J|]OHQPLúWLU� �3DSDJLDQQL� DQG� 0DWWH\�� �������
3ROLPHWLOJDODNWXURQD]� YH� OLSD]ÕQ� EL\RVHQWH]LQGH� LPPRELOL]H�A. nigerLQ� NXOODQÕOGÕ÷Õ�
LNL� IDUNOÕ� oDOÕúPDGD�� EHVL� RUWDPÕ� JOXNR]� GHULúLPL� �� ���� �Z�Y�� RODUDN� VHoLOPLúWLU�
(Pashova et al., 1999). Glukoz, sukro]� YH� ODNWR]� LoHUHQ� �o� IDUNOÕ� EHVL� RUWDPÕQGD�
okzalik asit üretimi için immobilize A. niger’LQ�NXOODQÕOGÕ÷Õ�ELU�DUDúWÕUPDGD��JOXNR]�
EHVL� RUWDPÕQGD� E�\�PH� GDKD� ID]OD�� RN]DOLN� DVLW� �UHWLPL� LVH� HQ� G�ú�N� RODUDN�
EXOXQPXúWXU��0DQGDO�DQG�%DQHUMHH��������� 
 

4.1.4 SpRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕ 
 

 %X� oDOÕúPDGD� NXOODQÕODQ� \|QWHPGH� VSRU� o|]HOWLVL� LOH� DOJLQDW� o|]HOWLVL�
NDUÕúWÕUÕOGÕNWDQ� VRQUD� KLGURMHO� ROXúWXUPD� LúOHPL� JHUoHNOHúWLULOPLúWLU�� .DOVL\XP�
o|]HOWLVL� LoLQH�GDPODWÕODQ�YH�NDUÕúWÕUÕODQ�EX�NDUÕúÕPÕQ�YLVNR]LWHVL önemlidir. Yüksek 

YLVNR]LWHQLQ� K�FUH� |O�P�QH� QHGHQ� ROGX÷X� ELOLQPHNWHGLU� �.RQJ� HW� DO��� ������� %X�
QHGHQOH�VSRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕQÕQ�RSWLPL]H�HGLOPHVL�JHUHNOLGLU�� 

Spor çözeltisi (6 x 107 spor.mL-1����DOJLQDW�o|]HOWLVL������Z�Y��RUDQÕ��������/6 

YH������P/�P/��RODFDN�úHNLOGH�GH÷LúWLULOHUHN�KD]ÕUODQDQ�N�UHOHUGH�J|]OHQHQ�E�\�PH�
H÷ULOHUL�ùHNLO����¶GH�YHULOPLúWLU� 
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 ùHNLO�����6SRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQODUÕQÕQ�LPPRELOL]H�A. niger ATCC 9642’nin büyümesine 
etkisi. a: Spor çözeltisi/alginat çözeltisi = 1/8; b: Spor çözeltisi/alginat çözeltisi = 1/6; c: Spor 
çözeltisi/alginat çözeltisi = 1/4 
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 *UDILNWH� J|]OHQHQ� EX� GXUXP�� DOJLQDW� GHULúLPLQLQ� RSWLPL]DV\RQXQGDNL� JLEL�
DoÕNODQDELOLU�� ����� ���� YH� ���� RUDQODUÕQGD� VH\UHOWLOHQ� o|]HOWLOHUGHQ� ���¶OLN� RODn en 

GHULúLNWLU� YH� LPPRELOL]H� IXQJXVXQ� EHVL� RUWDPÕQGDQ� \HWHUOL� Q�WULHQW� DODPDGÕ÷Õ� LoLQ�
EL\RN�WOHGHNL�DUWÕú�VÕQÕUODQPDNWDGÕU�����¶O�N�RUDQ�LVH�HQ�VH\UHOWLNWLU�YH�IXQJXVXQ�MHO�
PDWULNVLQGHQ�EHVL�RUWDPÕQD�RODVÕ�NDoÕúÕQGDQ�GROD\Õ�DOJLQDW�MHOL��]HULQGH�E�\�PH�GDha 

az olabilir.  

ùHNLO����¶GHQ�\DUDUODQDUDN�HQ�X\JXQ� VSRU� o|]HOWLVL�DOJLQDW� o|]HOWLVL�RUDQÕQÕQ�
����ROGX÷X�NDUDU�YHULOGL�YH�GDKD�VRQUDNL�oDOÕúPDODUGD�EX�RUDQ�NXOODQÕOGÕ� 
 Lipaz enzimi üretiminde A. niger� NXOODQÕPÕQÕQ� DUDúWÕUÕOGÕ÷Õ� ELU� oDOÕúPDGD��
spor çözeltisi (5 x 106 spor.mL-1��DOJLQDW� o|]HOWLVL� ���� Z�Y�� RUDQÕ� ���� RODUDN�
NXOODQÕOPÕúWÕU� �(OODLDK� HW� DO��� ������� $\QÕ� RUDQ� $QJHORYD� YH� DUNDGDúODUÕQÕQ�
antioksidan enzim sentezledikleri immobilize A. niger� LoLQ� GH� NXOODQÕOPÕúWÕU�
(Angelova et al., 2000). Nighojkar YH�DUNDGDúODUÕ�DOJLQDWD�LPPRELOL]H�Rhodococcus 

equi� 1R���� K�FUHOHULQL� NXOODQDUDN� NROHVWHURO� �UHWLPL� JHUoHNOHúWLUPLú� YH� EX�
oDOÕúPDODUÕQGD� VSRU�DOJLQDW� o|]HOWLVL�RUDQÕQÕ� ���� RODUDN�NXOODQÕOPÕúODUGÕU� �&KDQ� DQG�
Chou, 2002).  

 

������%HVL�RUWDPÕ�S+¶Õ 
 

 Fermantas\RQ�RUWDPÕQÕQ�LoHUL÷L�YH�DPDFÕQD�J|UH�EHVL�RUWDPÕ�S+¶Õ�IDUNOÕOÕNODU�
J|VWHUPHNWHGLU�� gUQH÷LQ� VLWULN� DVLW� �UHWLPLQGH� NXOODQÕODQ� IHUPDQWDV\RQ� RUWDPÕQÕQ�
S+¶ÕQÕQ�����YH�����RODUDN�D\DUODQDUDN�NXOODQÕOGÕ÷Õ�oDOÕúPDODU�YDUGÕU��3DSDJLDQQL�DQG�
Mattey, 2004; Sankpal HW�DO����������.HVLOPLú�V�W�VX\XQGDQ�VLWULN�DVLW��UHWLPLQL�LoLQ�
\DSÕODQ� ELU� oDOÕúPDGD� LVH� EHVL� RUWDPÕ� S+¶Õ� ���¶D� D\DUODQPÕúWÕU� �(O-Holi and Al-

'HODLP\�� ������� %H\D]� o�U�No�O� IXQJXV� NXOODQÕODUDN�2UDQJH� ,,� ER\DVÕ� JLGHUPHGH��
Citeromyces sp. WR-43-��NXOODQÕODUDN�PRODV�DWÕN�VX\X�JLGHUPHGH�YH�Pseudomonas 

VS��NXOODQÕODUDN�D]R�ER\D��%6�JLGHUPHGH�NXOODQÕODQ�EHVL�RUWDPÕ�S+¶ODUÕ�VÕUDVÕ\OD������
���� YH� ���� RODUDN� D\DUODQPÕúWÕU� �=KDQJ� HW� DO��� ������6LULDQXQWDSLERRQ� HW� DO��� ������
Fang et al., 2004). Poliüretan köpüklere immobilize A. niger�NXOODQÕODUDN�RN]DOLN�DVLW�
�UHWLPLQGH�LVH�EHVL�RUWDPÕ�S+¶Õ����¶GÕU��0DQGDO�HW�DO����������gUQHNOHUGHQ�J|U�OG�÷��
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�]HUH� X\JXQ� EHVL� RUWDPÕ� S+¶Õ� HOGH� HGLOPHN� LVWHQHQ� �U�QOHUH� YH� PLNURRUJDQL]PD�
W�U�QH� J|UH� GH÷LúNHQOLN� J|VWHUPHNWHGLU� YH� RSWLPXP� S+¶ÕQ� EXOXQDELOPHVL� LoLQ�
RSWLPL]DV\RQ�LúOHPOHULQLQ�\DSÕOPDVÕ�JHUHNPHNWHGLU�� 

%|O�P������¶GH�DQODWÕOGÕ÷Õ�úHNLOGH�KD]ÕUODQDQ�IDUNOÕ��������������������S+¶GDNL�
EHVL�RUWDPODUÕ�NXOODQÕODUDN�HOGH�HGLOHQ�LPPRELOL]H�A. niger ATCC 9642’nin büyüme 

H÷ULOHUL� ùHNLO� ���¶GH� YHULOPLúWLU�� *|U�OG�÷�� JLEL� S+¶Õ� ����� RODQ� EHVL� RUWDPÕQGD� HQ�
\�NVHN�E�\�PH�HOGH�HGLOPLúWLU��%X�QHGHQOH�S+�����¶GDQ�DúD÷Õ�YH�S+�����¶GHQ�\XNDUÕ�
RODQ�S+¶ODUÕQ�GHQHQPHVL�JHUHNVL]�J|U�OP�úW�U�� 
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 ùHNLO�����S+¶Õ�IDUNOÕ�EHVL�RUWDPODUÕQGD�LPPRELOL]H�A. niger�$7&&�����¶QLQ�E�\�PH�H÷ULOHUL� 
  

 )XQJXVODUÕQ��Q|WUDO�S+¶ODUGD�PDNVLPXP�E�\�PH�J|VWHUGLNOHUL�ELOLQPHNWHGLU��
$\UÕFD��DOJLQDW�N�UHOHULQ�HQ�GD\DQÕNOÕ�IRUPXQXQ�Q|WUDO�S+¶GD�ROGX÷X�WHVSLW�HGLOPLúWLU�
�*RPERW]� DQG� :HH�� ������� 1|WUDO� S+¶GDQ� DVLGLN� E|OJH\H� ND\GÕNoD� DOJLQDWÕQ�
PROHN�OHU� D÷ÕUOÕ÷ÕQGD� ELU� D]DOPD� YH� KÕ]OÕ� ELU� ER]XQPD� J|]OHQPLúWLU�� %X� QHGHQOH�
S+����¶GH� HQ� X\JXQ� �]HUHPH� J|]OHQGL÷LQGHQ� GROD\Õ� oDOÕúPDODUGD� EX� S+�
NXOODQÕOPÕúWÕU� 
 

 

 



 64 

4.2 A. niger�$7&&�����¶QLQ�6DOJÕODGÕ÷Õ�(Q]LPOHU 

 

4.2.1 Kalitatif lipaz aktivitesi 

 

 /LSROLWLN� DNWLYLWH� LoLQ� KD]ÕUODQDQ� �� SHWUL\H� \DSÕODQ� HNLPOHU� VRQXQGD�� ROXúDQ�
RSDN�]RQ�oDSODUÕ��5��YH�NRORQL�oDSODUÕ��U��FHWYHO�LOH�|Oo�OG���>5�U�RUDQÕ��¶GHQ�E�\�N�
LVH�L\L����LOH���DUDVÕ�LVH�RUWD���¶GHQ�N�o�N�LVH�]D\ÕI�RODUDN�VÕQÕIODQGÕUÕOÕU��,RQLWD�et al. 

�����@��ùHNLO����¶GD�ROXúDQ�NRORQL�YH�RSDN�]RQ�J|U�OPHNWHGLU� 
 

 ùHNLO�����.DOLWDWLI�OLSD]�DNWLYLWHVL�WHVWL�X\JXODQDQ�A. niger ATCC 9642 kolonisi ve  
�HWUDIÕQGD���J�Q�VRQXQGD�ROXúDQ�RSDN�]RQXQ�IRWR÷UDIÕ�� 

 

 +HU� ELU� SHWULGH� |Oo�OHQ� 5� YH� U� GH÷HUOHUL� Lle hesaplanan R/r ve ortalama 

GH÷HUOHU�dL]HOJH����¶GH�J|VWHULOPLúWLU� 
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 Çizelge 4.1 Lipaz aktivitesi testinde elde edilen RSDN�]RQ��5���NRORQL�oDSODUÕ��U��YH� 
����5�U�GH÷HUOHUL� 

Petri No R (mm) r (mm) R/r Sonuç 

1 48 40 1,20 Orta 

2 47 38 1,24 Orta 

3 52 39 1,33 Orta 

4 49 37 1,32 Orta 

Ortalama ± SD 49,0 ± 2,2 38,5 ± 1,3 1,3 ± 0,06 Orta 

 

 6RQXoODUGDQ�J|U�OG�÷��JLEL��A. niger ATCC 9642’nin orta düzeyde lipolitik 

DNWLYLWH\H�VDKLS�ROGX÷X�WHVSLW�HGLOPLúWLU� 
 

4.2.2 Kalitatif amilolitik aktivite 

 

 ùHNLO����¶GH�DPLOD]� LOH�KD]ÕUODQPÕú�EHVL�\HULQH�HNLOPLú�RODQ�A. niger ATCC 

����¶QLQ� �� J�Q� VRQXQGD� ROXúDQ� NRORQLVL� J|U�OPHNWHGLU�� .RORQL� HWUDIÕQD� DoÕN� ]RQ�
J|U�OPHGL÷LQGHQ� A. niger� $7&&� ����¶QLQ� DPLORWLN� DNWLYLWHVL� ROPDGÕ÷Õ� VRQXFXQD�
YDUÕOPÕúWÕU�� 

Kalitatif amilolitik DNWLYLWH� WD\LQLQGH� D\UÕFD�� VXEVWUDW� RODUDN� QLúDVWDQÕQ�
NXOODQÕOGÕ÷Õ��QLúDVWD�DJDU��VWDUFK�DJDU��\|QWHPL�GH�NXOODQÕOPDNWDGÕU��9HGGHU�������� 
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 ùHNLO�����.DOLWDWLI�DPLOD]�DNWLYLWHVL�WHVWL�X\JXODQDQ�A. niger ATCC 9642’nin  
           3 gün sonundaki kolonisinLQ�IRWR÷UDIÕ� 

 
4.2.3 Kalitatif proteolitik aktivite 

 

 6NLP� PLON� LoHUHQ� PDOW� HNVWUDNW� DJDUD� HNLOPLú� RODQ� A. niger ATCC 9642 

NRORQLOHUL�ùHNLO����¶GH�J|U�OPHNWHGLU��.RORQL�HWUDIÕQGD�úHIIDI�]RQ�J|]OHQPHGL÷L�LoLQ�
SURWHROLWLN�DNWLYLWHQLQ�ROPDGÕ÷Õ�VRQXFXQD�YDUÕOPÕúWÕU�� 
 3URWHROLWLN� DNWLYLWHQLQ� NDOLWDWLI� WD\LQLQGH� EX� \|QWHPLQ� \DQÕQGD�� KÕ]OÕ� ELU�
PLNURDQDOL]� WHNQL÷L� GH� NXOODQÕOPDNWDGÕU�� �� GDNLND� LoLQGH� VRQXo� DOÕQDQ�EX� WHNQLNWH��
VXEVWUDW�RODUDN�MHODWLQ�NXOODQÕOPDNWD�YH�VRQXoODU�&RRPDVLH�%ULOOLDQW�%OXH�ER\DVÕ�LOH�
gözlenmektedir (Mohan et al., 2005). 
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 ��������������ùHNLO�����.DOLWDWLI�SURWHD]�DNWLYLWHVL�WHVWL�X\JXODQDQ�A. niger ATCC 9642  
�NRORQLVLQLQ�IRWR÷UDIÕ 

 

4.2.4 Katalaz aktivitesi 

 

 .DWDOD]� DNWLYLWHVL� %|O�P� �����¶GH� DQODWÕOGÕ÷Õ� úHNLOGH� �$HEL�� ������
spektrofotometrik olarak ölçüldü. Standart 10,5 mM H2O2 çözeltisi ile 10 dakika 

VRQXQGD�HOGH�HGLOHQ�����QP¶GHNL�DEVRUEDQV�������RODUDN�EXOXQXUNHQ��HQ]LP�|UQH÷L�
(A. niger� $7&&� ����� E�\�PH� RUWDPÕQGDQ� DOÕQDQ� �� P/� |UQHN�� LoHUHQ� D\QÕ�
GHULúLPGHNL�o|]HOWLVL�����QP¶GH�������DEVRUEDQV�YHUPLúWLU��%X�VRQXoWDQ�oDOÕúPDODUGD�
NXOODQÕODQ�A. niger�$7&&�����¶QLQ�NDWDOD]�DNWLYLWHVLQLQ�ROPDGÕ÷Õ�DQODúÕOPÕúWÕU� 
 A. niger� $7&&� ����� SODVWLNOHUL� \ÕNPD� |]HOOL÷LQH� VDKLS� ROGX÷X� LoLQ� XoDN�
HNLSPDQODUÕ��RWRPRWLY�ELOHúHQOHUL��WÕSDODU��HOHNWULN�L]RODV\Rn maddeleri, deri, polimer, 

YHUQLN�� \DSÕúWÕUÕFÕ� YH� YDNVODUÕQ� IXQJXV� GD\DQÕNOÕOÕN� WHVWOHULQGH� YH� D÷Do� NRUX\XFX�
WHVWOHULQGH� NXOODQÕOPDNWDGÕU� �KWWS���ZZZ�OJFSURPRFKHP-atcc.com). A. niger ATCC 

�����VLWULN�DVLW�VHQWH]L�LoLQ�GH�NXOODQÕOPDNWDGÕU��(O-Holi and Al-Delaimy, 2003). A. 
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niger� $7&&� ����� D\UÕFD�� L]RSXOOXODQD]� �SXOOXODQ� �-glukanohidrolaz) ve 

laktoilglutatyon (glioksalaz I) enzimlerini üretme kabiliyetine de sahiptir 

(www.lgcpromochem-atcc.com; Kim and Rhee, 2003; Sakano et al.,1972; Inoue et 

al., 1987).  

 LLSD]�� DPLOD]�� SURWHD]� YH� NDWDOD]�� HQG�VWULGH� YH� EL\RWHNQRORMLGH� JHQLú�
NXOODQÕP� DODQÕ� EXOXQDQ� HQ]LPOHUGLU�� %X� HQ]LPOHULQ� A. niger ATCC 9642’de 

EXOXQPDVÕQÕQ�� EX� IXQJXVXQ� EL\RWHNQRMLGH� YH� oHYUH� |UQHNOHULQGH�NXOODQÕODELOLUOL÷LQL�
DUWÕUDELOHFH÷L�G�ú�Q�OP�úW�U��$ncak enzim aktivite testleri sonunda A. niger ATCC 

����¶QLQ�\DSÕODQ�WHVWOHU�DUDVÕQGD�VDGHFH�RUWD�G�]H\GH�OLSD]�DNWLYLWHVLQH�VDKLS�ROGX÷X�
WHVSLW�HGLOPLúWLU� 
 

4.3 Boya Giderme ve Zeytin Karasuyunun Renk Giderilmesinde 

øPPRELOL]H�A. niger ATCC 9642’nin KullanÕODELOLUOL÷L 
 

 7HNVWLO� ER\DODUÕQÕQ�JLGHULOPHVLQGH�ELUoRN�PLNURRUJDQL]PD�YH�ER\D�JLGHUPH�
WHNQL÷L� NXOODQÕOPDNWDGÕU�� %R\D� JLGHULPLQGH� PLNURRUJDQL]PDODU� VHUEHVW� RODUDN�
NXOODQÕODELOGL÷L� JLEL� LúOHPLQ� YHULPOLOL÷LQL� DUWWÕUDQ� LPPRELOL]H� IRUPGD�
PLNURRUJDQL]PDODUÕQ�NXOODQÕPÕ�GD�\D\JÕQGÕU� �6LULDQXQWDSLERRQ�HW�DO���������0LHOJR�
HW� DO��� ������� %XQODUÕQ� \DQÕQGD� ED]� PXDPHOHVL� JLEL� NLP\DVDO� PRGLILNDV\RQODUÕQ�
\DSÕOGÕ÷Õ�YH�|O��PLNURRUJDQL]PDODUÕQ�NXOODQÕOGÕ÷Õ�ER\D�JLGHUPH�oDOÕúPDODUÕ�GD�YDUGÕU�
(Lu and Wilkins, 1996). Boya gidHULPLQGH�HQ�\D\JÕQ�NXOODQÕODQ�PLNURRUJDQL]PDODU��
beyaz çürükçül funguslar olan Phanerochaete chrysosporium ve Trametes 

versicolor’dur (Swamy and Ramsay, 1999). A. niger¶LQ�ER\D�JLGHULPLQGH�NXOODQÕPÕ�
EX� LNL� o�U�No�O� IXQJXV� NDGDU� \D\JÕQ� GH÷LOGLU�� %R\D� JLGHUPe denemelerinde 

NXOODQÕODQ�� (6� 5HG� %:6� YH� (6� %OXH� �%/� ER\DODUÕQÕQ� SDWHQWOL� ER\DODU� ROPDVÕ� YH�
WLFDUL� ELU� VÕU� RODUDN� VDNODQGÕ÷ÕQGDQ� GROD\Õ�� EX� ER\DODUÕQ� NLP\DVDO� \DSÕODUÕQD� YH�
NLP\DVDO�IRUP�OOHULQH�XODúÕODPDPÕúWÕU�� 
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4.3.1 Boya giderme kapasitesi 

 

 ES Blue� �%/�YH�(6�5HG�%:6�ER\DODUÕQÕQ�89-J|U�Q�U� E|OJH� VSHNWUXPODUÕ�
ùHNLO�����YH�����¶GD�J|U�OPHNWHGLU��(6�%OXH��%/�YH�(6�5HG�%:6¶QLQ�PDNVLPXP�
DGVRUSVL\RQ�YHUGLNOHUL�GDOJD�ER\X�VÕUDVÕ\OD�����YH�����QP�RODUDN�WHVSLW�HGLOPLúWLU�� 
 

 ùHNLO���� (6�%OXH��%/�ER\DVÕQÕQ�UV-görünür bölge spektrumu. 

 

ùHNLO������(6�5HG�%:6�ER\DVÕQÕQ�89-görünür bölge spektrumu. 
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 D��(6�%OXH��%/�ER\DVÕ�VRQXoODUÕ 
 ho�IDUNOÕ�GHULúLPGH (25 mg/L, 50 mg/L ve 75 mg/L) ES Blue 4BL içeren besi 

RUWDPÕ����IDUNOÕ�GHULúLPGH�(6�%OXH��%/�YH�DOJLQDW�N�UHOHUL�LoHUHQ�EHVL�RUWDPÕ����IDUNOÕ�
GHULúLPGH�(6�%OXH��%/�YH� LPPRELOL]H�A. niger�$7&&������LoHUHQ�EHVL�RUWDPÕ�YH�
VHUEHVW�PLNURRUJDQL]PD�LoHUHQ�EHVL�RUWDPÕ���J�Q�ER\XQFD�WDNLS�HGLOHUHN����J�QGHQ�
EDúODPDN� �]HUH� ��¶HU� VDDW� DUD� LOH� DOÕQDQ� |UQHNOHU� ������ USP¶GH� �� dakika 

VDQWULI�MOHQGLNWHQ� VRQUD� ���� QP¶GHNL� DEVRUEDQVODUÕ� |Oo�OHUHN� ER\D� GHULúLPLQGHNL�
D]DOPD� L]OHQPLúWLU�� ùHNLO� ������ ����� YH� ����¶GH� VÕUDVÕ� LOH� ���PJ�/�� ���PJ�/�YH� ���
PJ�/� (6� %OXH� �%/� LoHUHQ� IHUPDQWDV\RQ� RUWDPODUÕQÕQ� DEVRUEDQV� GH÷LúLPOHUL�
J|VWHULOPLúWLU�  
 ùHNLOOHU� ����� –� ����¶GH� J|U�OHFH÷L� �]HUH� VHUEHVW� YH� LPPRELOL]H� A. niger 

$7&&�����¶QLQ�(6�%OXH��%/�ER\DVÕQÕ�JLGHUPH�NDSDVLWHOHUL�ELUELULQH�oRN�\DNÕQGÕU��
øQFHOHQHQ�W�P�|UQHNOHULQ�ER\D�\�]GHVL 

Boya giderme %’si = 100×
−

Baú

SonBaú
A

AA
 

)RUP�O�� NXOODQÕODUDN� KHVDSODQPÕúWÕU�� %X� KHVDSODU� YH� VRQXQGD� HOGH� HGLOHQ� GH÷HUOHU�
dL]HOJH����¶GH�YHULOPLúWLU� 
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 ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�%OXH��%/�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
D��6DGHFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
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 ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�%OXH��%/�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
D��6DGHFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
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 ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�%OXH��%/�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
D��6DGHFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
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ES Blue 4 B/�ER\D�GHULúLPL 

25 mg/L 50 mg/L 75 mg/L 

 

Boya giderme % 

 

 

Örnek AEDú Ason AEDú Ason AEDú Ason 25 mg/L 50 mg/L 75 mg/L 

%R\DOÕ�EHVL�RUWDPÕ 0,139 0,174 0,250 0,274 0,398 0,386 -25,2 -9,6 0,8 

%Rú�N�UH 0,121 0,103 0,258 0,214 0,392 0,375 14,9 17,4 4,3 

øPPRELOL]e Küre 0,112 0,008 0,245 0,026 0,395 0,021 92,9 89,4 94,7 

Serbest A. niger 

ATCC 9642 

0,133 0,013 0,258 0,035 0,395 0,041 90,2 86,4 89,6 

AEDú��%DúODQJÕo�����QP�$EVRUEDQVÕ 
Ason����J�Q�VRQXQGD�����QP�$EVRUEDQVÕ 
 

$GÕ�JHoHQ�W�P�|UQHNOHULQ����J�Q�VRQXQGD�VDQWULI�M�VRQUDVÕ�IRWR÷UDIODUÕ�ùHNLO�
����¶GH�YHULOPLúWLU��$\UÕFD���J�QO�N�IHUPDQWDV\RQ�LúOHPL�VRQXQGD�ER\DVÕ]�YH���IDUNOÕ�
GHULúLPGH�ER\D�LoHUHQ�RUWDPODUGDNL�ERú�YH�A. niger ATCC 9642 immobilize alginat 

N�UHOHULQ�IRWR÷UDIODUÕ�GD�ùHNLO�����¶GH�J|U�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dL]HOJH�����%HVL�RUWDPÕ��ERú�YH�A. niger ATCC 9642 immobilize alginat küreler ve serbest A. niger 
$7&&�����¶QLQ�(6�%OXH��%/�ER\DVÕQÕ�JLGHUPH�NDSDVLWHOHUL� 
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ùHNLO������%R\D�JLGHULPL�GHQHPHVL�\DSÕODQ�|UQHNOHULQ���J�Q�VRQXQGDNL�EHVL�RUWDPODUÕ�����%R\DVÕ]�EHVL�RUWDPÕ��������PJ�/�(6�%Oue 4BL içeren 
EHVL�RUWDPÕ��������PJ�/�(6�%OXH��%/�LoHUHQ�EHVL�RUWDPÕ��������PJ�/�(6�%OXH��%/�LoHUHQ�EHVL�RUWDPÕ�����ERú�DOJLQDW�N�UHOHU�LoHUHQ����PJ�/�(6�
%OXH��%/¶OL�EHVL�RUWDPÕ�����øPPRELOL]H�A. niger�$7&&������LoHUHQ����PJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ���) Serbest A. niger ATCC 9642 içeren 
���PJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ�����ERú�DOJLQDW�N�UHOHU� LoHUHQ����PJ�/�(6�%OXH��%/¶OL�EHVL�RUWDPÕ����� øPPRELOL]H�A. niger ATCC 9642 
LoHUHQ����PJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ������6HUEHVW�A. niger ATCC 9642 içeren 25 mJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ������ERú�DOJLQDW�N�UHOHU�
LoHUHQ����PJ�/�(6�%OXH��%/¶OL�EHVL�RUWDPÕ������øPPRELOL]H�A. niger�$7&&������ LoHUHQ����PJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ������6HUEHVW�A. 
niger�$7&&������LoHUHQ����PJ�/�(6�EOXH��%/¶OL�EHVL�RUWDPÕ� 
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 ùHNLO� ����� %R\DOÕ� IHUPDQWDV\RQ� RUWDPÕQGDQ� DOÕQDQ� N�UHOHULQ� IRWR÷UDIODUÕ�� 6ÕUDVÕ\OD� ��� ER\DVÕ]� EHVL�
RUWDPÕQGDNL��������PJ�/�(6�%OXH��%/¶OL�EHVL�RUWDPÕQGDNL�ERú�N�UH��������PJ�/ ES Blue 4BL’li besi 
RUWDPÕQGDNL� A. niger� $7&&� ����� LPPRELOL]H� HGLOPLú� N�UH�� ��� ��� PJ�/� (6� %OXH� �%/¶OL� EHVL�
RUWDPÕQGDNL�ERú�N�UH��������PJ�/�(6�%OXH��%/¶OL�EHVL�RUWDPÕQGDNL�A. niger ATCC 9642 immobilize 
HGLOPLú�N�UH��������PJ�/�(6�%OXH��%/¶OL�EHVL�RUWDPÕQGDNL�ERú�N�UH��������PJ�/�(6�%OXH��%/¶OL�EHVL�
RUWDPÕQGDNL�A. niger�$7&&������LPPRELOL]H�HGLOPLú�N�UH� 
 

E��(6�5HG�%:6�ER\DVÕ�VRQXoODUÕ 
 Bölüm 4.3. 1-D¶GD� DQODWÕOGÕ÷Õ� \|QWHPOH� (6� 5HG� %:6� JLGHUPH� NDSDVLWHVL�
|Oo�OP�ú�YH�ùHNLO������������YH�����¶GH�VÕUDVÕ�LOH��� mg/L, 50 mg/L ve 75 mg/L ES 

Red BWS içeren fermantasyon� RUWDPODUÕQÕQ� DEVRUEDQV� GH÷LúLPOHUL� J|VWHULOPLúWLU��
7�P�|UQHNOHULQ����VRQXQGD�VDQWULI�M��������USP����GDNLND��VRQUDVÕ�J|U�QW�OHUL�ùHNLO�
����¶GD�YHULOPLúWLU��$\UÕFD���J�QO�N�IHUPDQWDV\RQ�LúOHPL�VRQXQGD�ER\DVÕ]�YH���IDUNOÕ�
GHULúLPGH�ER\D�LoHUHQ�RUWDPODUGDNL�ERú�YH�A. niger ATCC 9642 immobilize alginat 

N�UHOHULQ�IRWR÷UDIODUÕ�ùHNLO�����¶GH�J|U�OPHNWHGLU� 
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 ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�5HG�%:6�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
a:�6DGHFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
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 ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�5HG�%:6�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
a: SadeFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
 

ùHNLO������–�����¶GH�J|U�OHFH÷L��]HUH�VHUEHVW�YH�LPPRELOL]H�A. niger ATCC 

����¶QLQ� (6� 5HG� %:6� ER\DVÕQÕ� JLGHUPH� NDSDVLWHOHUL� GH� ELUELULQH� oRN� \DNÕQGÕU��
dL]HOJH����¶GH�oDOÕúÕODQ�|UQHNOHULQ���ER\D�JLGHUPH�NDSDVLWHOHUL�YHULOPLúWLU� 
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ùHNLO������øPPRELOL]H�YH�VHUEHVW�A. niger�$7&&�����¶QLQ�(6�5HG�%:6�ER\DVÕQÕ�JLGHUPH�NDSDVLWHVL��
D��6DGHFH�EHVL�RUWDPÕ��E��%Rú�DOJLQDW�N�UH��F��øPPRELOL]H�A. niger ATCC 9642 içeren alginat küre; d: 
Serbest A. niger�$7&&�������%R\D�GHULúLPL����PJ�/� 
 

(6�5HG�%:6�ER\D�GHULúLPL 
25 mg/L 50 mg/L 75 mg/L 

 

Boya giderme % 

 

 

Örnek AEDú Ason AEDú Ason AEDú Ason 25 mg/L 50 mg/L 75 mg/L 

%R\DOÕ�EHVL�RUWDPÕ 0,186 0,208 0,354 0,369 0,445 0,453 -11,8 -4,2 -1,8 

%Rú�N�UH 0,180 0,132 0,347 0,149 0,412 0,372 26,7 57,1 9,7 

øPPRELOL]H�.�UH 0,177 0,016 0,366 0,022 0,435 0,07 91,0 94,0 83,9 

Serbest A. niger 

ATCC 9642 

0,186 0,015 0,323 0,018 0,458 0,027 91,9 94,4 94,1 

AEDú��%DúODQJÕo�����QP�$EVRUEDQVÕ 
Ason����J�Q�VRQXQGD�����QP�$EVRUEDQVÕ 
 

 

 

 

 

 

 

Çizelge 4.3 %HVL�RUWDPÕ��ERú�YH�A. niger ATCC 9642 immobilize alginat küreler ve serbest A. niger 
$7&&�����¶QLQ�(6�5HG�%:6�ER\DVÕQÕ�JLGHUPH�NDSasiteleri. 
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ùHNLO������%R\D�JLGHULPL�GHQHPHVL�\DSÕODQ�|UQHNOHULQ���J�Q�VRQXQGDNL�EHVL�RUWDPODUÕ�����%R\DVÕ]�EHVL�RUWDPÕ��������PJ�/�(6�5HG�%:6�LoHUHQ�
EHVL�RUWDPÕ��������PJ�/�5HG�%:6�LoHUHQ�EHVL�RUWDPÕ��������PJ�/�5HG�%:6�LoHUHQ�EHVL�RUWDPÕ�����ERú�DOJLQDW�N�UHOHU�LoHUHQ�25 mg/L Red BWS’li 
EHVL�RUWDPÕ�����øPPRELOL]H�A. niger�$7&&������LoHUHQ����PJ�/�5HG�%:6¶OL�EHVL�RUWDPÕ�����6HUEHVW�A. niger ATCC 9642 içeren 25 mg/L Red 
%:6¶OL�EHVL�RUWDPÕ�� ��� ERú�DOJLQDW�N�UHOHU� LoHUHQ����PJ�/�5HG�%:6¶OL�EHVL� RUWDPÕ����� øPPRELOL]H�A. niger ATCC 9642 içeren 50 mg/L Red 
%:6¶OL�EHVL�RUWDPÕ������6HUEHVW�A. niger�$7&&������LoHUHQ����PJ�/�5HG�%:6¶OL�EHVL�RUWDPÕ������ERú�DOJLQDW�N�UHOHU�LoHUHQ����PJ�/�5HG�%:6¶OL�
EHVL�RUWDPÕ������øPPRELOL]H�A. niger�$7&&������LoHUHQ����PJ�/�5HG�%:6¶OL�EHVL�RUWDPÕ� 13) Serbest A. niger ATCC 9642 içeren 25 mg/L Red 
%:6¶OL�EHVL�RUWDPÕ� 
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 ùHNLO� ����� %R\DOÕ� IHUPDQWDV\RQ� RUWDPÕQGDQ� DOÕQDQ� N�UHOHULQ� IRWR÷UDIODUÕ�� 6ÕUDVÕ\OD� ��� ER\DVÕ]� EHVL�
RUWDPÕQGDNL��������PJ�/�(6�5HG�%:6¶OL�EHVL�RUWDPÕQGDNL�ERú�N�UH��������PJ�/�(6�5HG�%:6¶OL�EHVL�
RUWDPÕQGDNL� A. niger ATCC 9642� LPPRELOL]H� HGLOPLú� N�UH�� ��� ��� PJ�/� (6� 5HG� %:6¶OL� EHVL�
RUWDPÕQGDNL�ERú�N�UH��������PJ�/�(6�5HG�%:6¶OL�EHVL�RUWDPÕQGDNL�A. niger ATCC 9642 immobilize 
HGLOPLú�N�UH��������PJ�/�(6�5HG�%:6¶OL�EHVL�RUWDPÕQGDNL�ERú�N�UH��������PJ�/�(6�5HG�%:6¶OL�EHVL�
RUWDPÕQGDNi A. niger�$7&&������LPPRELOL]H�HGLOPLú�N�UH� 
 

 A. niger�$7&&�����¶QLQ�ER\D�JLGHUPH�NDSDVLWHVLQLQ�VDSWDQPDVÕ�LoLQ�VHoLOHQ�
LNL� WHVW� ER\DVÕ� LOH� LOJLOL� VRQXoODUGDQ�J|U�OPHNWHGLU� NL��(6�%OXH��%/�ER\DVÕ����J�Q�
sonunda immobilize mikroorganizma ve serbest mikrooUJDQL]PD�WDUDIÕQGDQ�VÕUDVÕ\OD�
�������YH��������GHJUHGH�HGLOPHNWHGLU��%X�GH÷HUOHU�(6�5HG�%:6�LoLQ��������YH���
����¶GLU�� %X� VRQXoODU� LPPRELOL]DV\RQ� LúOHPLQLQ� IXQJXVODUÕQ� ER\D� JLGHUPH�
NDSDVLWHVLQGH�SUDWLN�RODUDN�ELU�GH÷LúLNOLN�\DSPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU� 

c) THNVWLO�DWÕN�VX\XQX�DUÕWPD�NDSDVLWHVL 
*HUoHN� oHYUH� |UQHNOHUL� RODUDN� WHNVWLO� IDEULNDVÕ� DWÕN� VX\XQGDQ� DOÕQDQ� DWÕN�

VXODUÕQ� VSHNWUXPODUÕQGDQ� PXKWHPHO� NRPSOHNV� RUJDQLNOHU� QHGHQL\OH� a���� QP¶GHQ�
GDKD� N�o�N� W�P� GDOJD� ER\ODUÕQGD� DUWDQ� DEVRUEDQV� J|]OHQPLúWLU�� gUQHNOHrin 

NDUPDúÕNOÕ÷Õ�QHGHQL\OH�WHN�ELU�GDOJD�ER\XQGD�|Oo�P�\DSÕOPDPÕú�EXQXQ�\HULQH�%|O�P�
�����¶GH� DQODWÕOGÕ÷Õ� úHNLOGH� PXDPHOH� HGLOHQ� DWÕN� VXODUÕQ� ���–���� QP� DUDOÕ÷ÕQGD�
VSHNWUXPODUÕ�WDNLS�HGLOPLúWLU� 
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 ùHNLO�������0DYL�UHQNOL�WHNVWLO�DWÕ÷ÕQÕQ���J�Q�ER\XQFD�VSHNWUXPODUÕQGDNL�GH÷LúLP��6L\DK�oL]JL�
0. gün, mavi çizgi 1. gün, siyah-EH\D]�oL]JL����J�Q��VDUÕ�oL]JL����J�Q��\HúLO�oL]JL����J�Q��SHPEH�
oL]JL����J�Q��W�UNXD]�oL]JL����J�Q�YH�NÕUPÕ]Õ�oL]JL����J�Q�DOÕQDQ�VSHNWUXPGXU�� 

 

 
ùHNLO������<HúLO�UHQNOL�WHNVWLO�DWÕ÷ÕQÕQ���J�Q�ER\XQFD�VSHNWUXPODUÕQGDNL�GH÷LúLP��0RU�oL]JL����
J�Q��PDYL�oL]JL����J�Q��NÕUPÕ]Õ�oL]JL����J�Q��\HúLO�oL]JL����J�Q��VDUÕ�oL]JL����J�Q��VL\DK�oL]JL����
gün, siyah-EH\D]�oL]JL����J�Q�YH�\HúLO�oL]JL����J�Q�DOÕQDQ�VSHNWUXPGXU�� 
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 ùHNLO� ��� ��� YH� ��� ��¶GH� J|U�OG�÷�� JLEL� WHNVWLO� DWÕNODUÕQÕQ� �� J�Q� ER\XQFD�
DEVRUSVL\RQODUÕQGD�G�ú�ú�J|]OHQPLúWLU��%X�G�ú�ú�(6�%OXH��%/�YH�(6�5HG�%:6¶GH�
HOGH�HGLOHQ�NDGDU�|QHPOL�G�]H\OHUGH�ROPDPDVÕQD�UD÷PHQ�\HúLO� UHQNOL� WHNVWLO�ER\DVÕ�
DWÕ÷Õ� LoLQ� \DNODúÕN� �� ��¶OLN� ELU� ER\D� JLGHULPL�� PDYL� UHQNOL� WHNVWLO� ER\DVÕ� LoLQ� LVH�
\DNODúÕN�����¶OXN�ELU�ER\D�JLGHULPL�KHVDSODQPÕúWÕU� 
 Sumathi ve Manju (2001), Aspergillus foetidusXQ� SURVLRQ� ER\DODUÕ� RODUDN�
DGODQGÕUÕODQ�D]R�UHDNWLI�ER\DODUÕQD�NDUúÕ�����¶OÕN�ELU�ER\D�JLGHULPLQH�VDKLS�ROGX÷XQX�
EXOPXúODUGÕU�� 2KPRPR� YH� DUNDGDúODUÕ� �������� Aspergillus fumigatus’un molas 

DWÕNODUÕQGD�EXOXQDQ�PHODQRLGLQL������RUDQÕQGD�UHQNVL]OHúWLUGL÷LQL�UDSRU�HWPLúOHUGLU��
'RQJ�YH�DUNDGDúODUÕ��������LVH��$VSHUJLOOXV�:6-2 türünün Reactive Red KD-8B ve 

Direct Light Turquoise GL bR\DODUÕQÕ�VÕUDVÕ\OD������YH������RUDQODUÕQGD�JLGHUGL÷LQL�
EXOPXúODUGÕU��øPPRELOL]H�YH�VHUEHVW�Aspergillus ficuum�K�FUHOHULQLQ�NXOODQÕOGÕ÷Õ�ELU�
oDOÕúPDGD� Reactive Brilliant Blue KN-5� ER\DVÕQÕ� �� ��� RUDQÕQGD� JLGHUGL÷L�
EXOXQPXúWXU��;LQMLDR�DQG�:HQKDL���������%DúND�ELU�oDOÕúPDGD��A. niger, A. flavus, A. 

ochrocous, A. terres ve A. parasiticus hücrelerinin Direct Brown ve Polar Red 

ER\DODUÕQÕ� DUÕWPDODUÕ� LQFHOHQPLú� YH� A. nigerLQ� 'LUHFW� %URZQ� ER\DVÕQÕ� GL÷HU�
Aspergillus�W�UOHULQGHQ�GDKD�ID]OD�YH������RUDQÕQGD�JLGHUGL÷L��3RODU�5HG�ER\DVÕQÕ�LVH�
A. ochrocous’un en fazla (% 96), A. niger’LQ� LVH� �� ��� RUDQÕQGD� JLGHUGL÷L�
ELOGLULOPLúWLU� �:DIDD�DQG�+DVVDQ���������0RODV�DWÕN�VX\XQGD�ER\D�JLGHULPL� LoLQ�A. 

niger�NXOODQÕOPÕú�YH�IXQJXVXQ������RUDQÕQGD�UHQN�JLGHUPH�\HWHQH÷LQH�VDKLS�ROGX÷X�
EXOXQPXúWXU� �0LUDQGD� HW� DO��� �������A, parasiticus’XQ� NXOODQÕOGÕ÷Õ� ELU� EDúND� ER\D�
JLGHUPH� oDOÕúPDVÕQGD� LVH�� EX� W�U�Q�5HDFWLYH�%OXH� �� YH�$FLG� \HOORZ� ���ER\DODUÕQÕ�
VÕUDVÕ\OD��������YH��������RUDQODUÕQGD�JLGHUGL÷L�WHVSLW�HGLOPLúWLU��'HQJ�HW�DO����������
$VVDGL�YH�-DKDQJLUL���������WHNVWLO�DWÕNODUÕQÕQ�ER\D�JLGHULPLQGH�A. niger’i�NXOODQPÕú�
YH�����¶OHUH�YDUDQ�ELU�UHQN�JLGHULPL�EXOPXúODUGÕU�� 
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������ =H\WLQ� NDUDVX\XQX� DUÕWPDGD� LPPRELOL]H� A. niger ATCC 

����¶QLQ�NXOODQÕODELOLUOL÷L 
 

 =H\WLQ\D÷Õ� �UHWLP� WHVLVOHULQGHQ� DOÕQDQ� JHUoHN� DWÕN� VX� |UQH÷LQLQ� $�� QLJHU�
$7&&������ LoLQ�EHVL�RUWDPÕ�RODUDN�NXOODQÕODELOLUOL÷LQL� WHVSLW�HWPHN��]HUH�NLP\DVDO�
özellikleri belirlendi. 

a) Zeytin karasuyunun spektroskopik ve kimyasal özellikleri 

 Zeytin karasuyunu 50 ve 100 kez seyreltilHUHN� DOÕQDQ� VSHNWUXPODUGD� ����
QP¶GH�PDNVLPXP�DEVRUEDQV�YHUGL÷L�EXOXQPXúWXU��ùHNLO�������� 

 
ùHNLO����� Zeytin karasuyunun UV-görünür bölge spektrumu. 

 

 =H\WLQ� NDUDVX\XQGD� %UDGIRUG� \|QWHPLQH� J|UH� SURWHLQ� WD\LQL� \DSÕOPÕúWÕU��
Bunun için BSA VWDQGDUWODUÕ� LOH� KD]ÕUODQDQ� VWDQGDUW� oDOÕúPD� JUDIL÷L� ùHNLO� ����¶GH�
YHULOPLúWLU� 
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 ùHNLO������%UDGIRUG�\|QWHPL�LOH�SURWHLQ�WD\LQL�LoLQ�VWDQGDUW�oDOÕúPD�JUDIL÷L� 
 

 %UDGIRUG� PHWRGX� LOH� �� NDW� VH\UHOWLOPLú� RODQ� ]H\WLQ� NDUDVX\X� |UQHNOHULQGHQ�
elde edilen absorbaQV� VWDQGDUW� oDOÕúPD� JUDIL÷L� DUDOÕ÷ÕQGDGÕU� YH� ������ DEVRUEDQV�
GH÷HUL� HOGH� HGLOPLúWLU�� 'L÷HU� VH\UHOWPHOHU� oDOÕúPD� DUDOÕ÷Õ� GÕúÕQGDGÕU�� 6WDQGDUW�
JUDIL÷LQGHQ� \ROD� oÕNDUDN� ]H\WLQ� NDUDVX\XQGD� SURWHLQ� PLNWDUÕ� ������ PJ�P/� RODUDN�
EXOXQPXúWXU� 
 Zeytin karasuyunda topODP�NDUERKLGUDW�WD\LQL�LoLQ�NXOODQÕODQ�JOXNR]�VWDQGDUW�
oDOÕúPD�JUDIL÷L�ùHNLO�����¶GH�YHULOPLúWLU� 
 

y = 0 ,00 47x - 0 ,0 39

R 2 = 0 ,9911

0
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 ùHNLO������*OXNR]�GHULúLPL�WD\LQL�LoLQ�VWDQGDUW�oDOÕúPD�JUDIL÷L 
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 =H\WLQ� NDUDVX\XQGD� WRSODP� NDUERKLGUDW� WD\LQLQGH� ���� NDW� VH\UHOWLOPLú� RODQ�
|UQHNOHU�oDOÕúPD�DUDOÕ÷ÕQD�JLUGL�YH�KHVDSODU�EX�|UQHN��]HULQGHQ�\DSÕOGÕ��%XQD�J|UH��
]H\WLQ�NDUDVX\XQGD�NDUERKLGUDW�PLNWDUÕ������PJ�P/�RODUDN�EXOXQPXúWXU� 
 dDOÕúPDGD� NXOODQÕODQ� =H\WLQ� NDUDVX\XQXQ� S+¶Õ� |Oo�OP�ú� YH� ����� RODUDN�
EXOXQPXúWXU� 

E�� =H\WLQ� NDUDVX\XQX� DUÕWPDGD� LPPRbilize A. niger ATCC 

����¶QLQ�NXOODQÕPÕ 
 ��� ��� YH� ��� NDW� VH\UHOWLOHQ� ]H\WLQ� NDUDVX\X� |UQHNOHULQLQ� NXOODQÕOGÕ÷Õ�
GHQHPHOHUGH�� EHVL� RUWDPÕ� WDNYL\HVL� \DSÕODQ� YH� \DSÕOPD\DQ� W�P� |UQHNOHUGH� �� J�Q�
ER\XQFD�����QP¶GHNL�DERUEDQVGD�ELU�GH÷LúLP�J|]OHQPHGL÷L�JLEL�PLNURRUJDQL]PDQÕQ�
E�\�W�OPHVL� GH� P�PN�Q� ROPDGÕ�� ùHNLO� ����¶GD� �]HULQGH� E�\�PH� ROPD\DQ��
immobilize A. niger ATCC 9642 küreleri görülmektedir. 

 ùHNLO������=H\WLQ�NDUDVX\X�LoHUHQ�EHVL�RUWDPÕQGD���J�Q�ER\XQFD�E�\�PH\H�EÕUDNÕODQ�LPPRELOL]H� 
    A. niger ATCC 9642 hücreleri içeren küre. 

 
����6(0�6RQXoODUÕ 
 

 %Rú�DOJLQDW�N�UH��A. niger�$7&&������LPPRELOL]H�HGLOPLú�N�UH�YH�VHUEHVW�A. 

niger $7&&� ����¶QLQ� 6(0� IRWR÷UDIODUÕ� ùHNLO� ������ ùHNLO� ����� YH� ùHNLO� ����¶GD�
J|U�OPHNWHGLU��.�UHOHULQ�GDKD�\DNÕQ�YH�D\UÕQWÕOÕ�IRWR÷UDIODUÕ�ùHNLO�������ùHNLO������YH�
ùHNLO�����¶GH�YHULOPLúWLU�� 
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 ùHNLO������%Rú�DOJLQDW�N�UHQLQ�6(0�J|U�QW�V�� 
 

 ùHNLO������A. niger�$7&&������LPPRELOL]H�HGLOPLú�DOJLQDW�N�UHQLQ�6(0�J|U�QW�V�� 
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 ùHNLO������6HUEHVW�A. niger ATCC 9642’nin SEM görüntüsü. 
 

 ùHNLO������%Rú�DOJLQDW�N�UHQLQ�\�]H\�PRUIRORMLVLQL�J|VWHUHQ�6(0�IRWR÷UDIÕ� 
 
 

 



 86 

 ùHNLO������A. niger�$7&&������LPPRELOL]H�HGLOPLú�DOJLQDW�N�UHQLQ�\�]H\�PRUIRORMLVLQL�J|VWHUHQ SEM 
IRWR÷UDIÕ� 
 

 ùHNLO�������6HUEHVW�A. niger�$7&&�����¶QLQ�PRUIRORMLVLQL�J|VWHUHQ�6(0�IRWR÷UDIÕ� 
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 6(0� IRWR÷UDIODUÕ� LQFHOHQGL÷LQGH�� ERú� DOJLQDW� N�UHQLQ� \�]H\LQLQ� ROGXNoD�
KRPRMHQ�YH�G�]J�Q�ROGX÷X�EXQD�NDUúÕQ�A. niger�$7&&�LPPRELOL]H�HGLOPLú�N�UHQLQ�
ise fXQJXV�E�\�PHVLQGHQ�ND\QDNODQDQ�JLULQWLOL� oÕNÕQWÕOÕ� ELU�\DSÕ\D� VDKLS�ROGX÷X�YH�
\�]H\� PRUIRORMLVLQLQ� ERú� DOJLQDW� N�UH\H� J|UH� ROGXNoD� GH÷LúWL÷L� VDSWDQPÕúWÕU��
øPPRELOL]H� YH� VHUEHVW�A. niger� $7&&������ NDUúÕODúWÕUÕOGÕ÷ÕQGD� LVH� EX� LNL� |UQH÷LQ�
\�]H\�\DSÕODUÕ�DUDVÕQGD�IDUNOÕOÕNODU�WHVSLW�HGLOPLúWLU�� 
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6218d�YH�g1(5ø/(5 

 

 Mikrobiyolojik üretim yöntemlerinin daha etkin uygulanabilmesi için 

LPPRELOL]H�K�FUHOHULQ�ELU�DUDo�RODUDN�NXOODQÕOPDVÕ�JLGHUHN�\D\JÕQODúPDNWDGÕU��*LULú�
bölümünde örnekleri verileQ�SHN�oRN��UHWLP��LPPRELOL]H�K�FUHOHU�NXOODQÕODUDN�EDúDUÕ�
LOH� JHUoHNOHúWLULOPHNWHGLU�� øPPRELOL]H� K�FUHOHULQ� IL]\RORMLVLQLQ� VHUEHVW�
K�FUHOHULQNLQGHQ�IDUNOÕ�ROPDVÕ�QHGHQL\OH�HOGH�HGLOHQ�VRQXoODUÕQ�WHNUDUODQDELOLUOL÷LQLQ�
NÕVÕWOÕ� YH� \|QWHPLQ� DPSLULN� ROPDVÕ� HOHúWLULOHUH� QHGHQ� ROVD� GD�� E�\�N� oDSWDNL�
�UHWLPOHUGHNL�HNRQRPLN��VW�QO�÷��LPPRELOL]H�K�FUH�WHNQLNOHULQL��]HULQGH�oDOÕúPD\D�
GH÷HU�NÕOPDNWDGÕU�� 
 %X� oDOÕúPDGD� A. niger ATCC 9642’nin alginat üzerine immobilizasyon 

NRúXOODUÕ� RSWLPL]H� HGLOPLú� YH� HQ� L\L� �UHWLPLQ� JHUoHNOHúWL÷L� EHVL� RUWDPÕ�� JOXNR]�
GHULúLPL��S+��DOJLQDW��¶VL��VSRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕ�WHVSLW�HGLOPLúWLU��%X�
SDUDPHWUHOHULQ� oDOÕúÕODQ� KHU� PLNURRUJDQL]PD� YH� KHU� LPPRELOL]DV\RQ� PDWULNVL� LoLQ�
D\UÕFD� WHVSLW� HGLOPHVL� |QHPOLGLU�� ]LUD� EX� GH÷HUOHU� NXOODQÕODQ� D\QÕ� W�U�
PLNURRUJDQL]PDQÕQ�IDUNOÕ�VXúODUÕ�LoLQ�ELOH�GH÷LúHELOHFH÷L�JLEL��NXOODQÕODQ�PDWULNV�LoLQ�
de özel olabilmektedir. 

 A. niger�$7&&�����¶QLQ�SHN�oRN�LPPRELOL]DV\RQ�LúOHPLQGH�IDUNOÕ��UHWLPOHU�
LoLQ�NXOODQÕOGÕ÷Õ�ELOLQPHNWHGLU��$OJLQDW�GD�ELU�LPPREilizasyon matriksi olarak enzim 

YH� K�FUH� LPPRELOL]DV\RQXQGD� oRN� NXOODQÕOPÕúWÕU�� $QFDN�� DOJLQDW� �]HULQH�A. niger 

$7&&�����¶QLQ�LPPRELOL]DV\RQX�LOH�LOJLOL�oDOÕúPD\D�UDVWODQPDPÕúWÕU��%X�DoÕGDQ�EX�
oDOÕúPD�RULMLQDO�VRQXoODU�LoHUPHNWHGLU�� 
 A. niger’in sanayide NXOODQÕODQ� ER\DODUÕ� GHJUHGH� HWPH� |]HOOL÷L� GDKD� |QFH�
\DSÕODQ� oDOÕúPDODUGD� UDSRU� HGLOPLúWLU�� %R\D� �UHWLPLQGHNL� UHNDEHW� QHGHQL\OH�
IRUP�OOHUL�JL]OL�YH\D�SDWHQW�DOWÕQGD�WXWXODQ��EX�QHGHQOH�GH�NRGODUOD�LVLPOHQGLULOHQ�oRN�
GH÷LúLN�ER\D�YDUGÕU��%X�ER\DODUÕQ�DWÕN�VXODUD�NDWÕOPDVÕ�J|]OH�J|U�O�U�oHYUH�NLUOLOL÷LQH�
QHGHQ�ROGX÷X�JLEL��VX\XQ�VH\DKDW�HWWL÷L�oHYUHGH�X]XQ�YDGHGH�NLP\DVDO�YH�EL\RORMLN�
]DUDUODU� YHUPHVL� RODVÕGÕU��%X�GXUXPX�HQJHOOHPHN� LoLQ� \DVDO� G�]HQOHPHOHUOH� DUÕWPD�
VLVWHPOHULQLQ� NXUXOPDVÕ� ]RUXQOX� NÕOÕQVD� GD� |]HOOLNOH� VXGD� o|]�QHQ� ER\DODUÕQ�
ILOWUDV\RQ�� GXUXWPD�� V�]PH�� DGVRUSVL\RQ� JLEL� IL]LNVHO� D\ÕUPD� \|QWHPOHUL� LOH� YH\D�
NLP\DVDO� o|NW�UPH� LOH� DUÕWÕOPDVÕ� JHQHOOLNOH� P�PN�Q� RODPDPDNWD� YH\D� oRN� ID]OD�
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PDOL\HW�JHUHNWLUPHNWHGLU��%X�ER\DODUÕQ�WHPL]OHQPHVL�LoLQ�HQ�HWNLQ�\|ntem biyolojik 

DUÕWPD� RODUDN� J|U�OPHNWHGLU�� %L\RORMLN� DUÕWPD� LoLQ� VHUEHVW� PLNURRUJDQL]PDODUÕQ�
NXOODQÕOPDVÕ� LVH� GDKD� VRQUD�PLNURRUJDQL]PDODUÕQ�RUWDPGDQ�X]DNODúWÕUÕOPDVÕ� LoLQ�HN�
]RUOXN� YH� PDOL\HW� JHUHNWLUPHNWHGLU�� øPPRELOL]H� PLNURRUJDQL]PDODUÕQ� EX� DPDoOD�
kulODQÕOPDVÕ�J�Q�P�]GH�\XNDUÕGD�DQODWÕODQ�GH]DYDQWDMODUÕQ�JLGHULOPHVL�LoLQ�HQ�X\JXQ�
\RO� JLEL� J|U�OPHNWHGLU�� $\UÕFD�� PLNUREL\DO� ER\D� JLGHUPH� V�UHoOHULQLQ� ER\D\Õ�
PXKWHPHO� WHNQLN� ELOHúHQOHUH� NDGDU� GH÷LO�� NDUERQGLRNVLW�� DPRQ\DN� YH� VX\D� NDGDU�
LQGLUJHPH�|]HOOL÷L�QHGHQL\OH�WRS\HN�Q�WHPL]OHPH�VD÷ODGÕ÷ÕQGDQ�WHUFLK�HGLOPHOLGLU� 
 %X� oDOÕúPDGD� WHVW� ER\DVÕ� RODUDN� VHoLOHQ� (6� %OXH� �%/� YH� (6� 5HG� %:6�
ER\DODUÕQÕQ� LPPRELOL]H� A. niger� $7&&� ����� WDUDIÕQGDQ� VHUEHVW�
PLNURRUJDQL]PDQÕQNLQH�oRN�\DNÕQ�ELU�HWNLQOLNWH�X]DNODúWÕUÕOPDVÕ�EX�\|QWHPLQ�DWÕN�VX�
DUÕWPDGD� NXOODQÕODELOLUOL÷LQL� J|VWHUPHNWHGLU�� $QFDN�� WHNVWLO� DWÕNODUÕQÕQ� ER\D�
ELOHúHQOHULQLQ�VD\ÕVÕ�ELUGHQ�ID]OD�RODELOHFH÷LQGHQ�WHN�WHN�ER\DODUÕQ�JLGHULOPLú�ROPDVÕ�
PLNURRUJDQL]PDQÕQ� WHNVWLO� DWÕNODUÕQGD� D\QÕ� EDúDUÕ\Õ� J|VWHUHFH÷L� DQODPÕQD� Jelmez. 

1LWHNLP� ELU� WHNVWLO� IDEULNDVÕQGDQ� DOÕQDQ� DWÕN� VX� |UQHNOHULQGHNL� DUÕWPDQÕQ� G�ú�N�
G�]H\OHUGH� NDOPDVÕ� JHUoHN� |UQHNOHULQ� NDUPDúÕN� PDWULNVOHULQLQ� PLNURRUJDQL]PDQÕQ�
E�\�PHVLQL� YH� EL\RGHJUHGDV\RQ� NDSDVLWHVLQL� G�ú�UG�÷�Q�� J|VWHUPHNWHGLU�� %X�
nedenle endüstri\HO� �UHWLPLQ� QLWHOL÷LQH� ED÷OÕ� RODUDN� GH÷LúHQ� DWÕN� VX� SURILOLQLQ�
SDUDPHWUHOHULQLQ� oRN� L\L� DQDOL]OHQPHVL� YH� EX� SDUDPHWUHOHULQ� \|QHWWL÷L� RUWDPGD� HQ�
\�NVHN� NDSDVLWH\OH� DNWLYLWH� J|VWHUHFHN� PLNURRUJDQL]PD� �UHPH� NRúXOODUÕQÕQ�
belirlenmesi gerekmektedir. Üretimde vH� W�NHWLPGH� NXOODQÕODQ� ER\DODUÕQ� �� ��-

��¶LQLQ�oHYUH\H�DWÕOGÕ÷Õ�YH�EX�ER\DODUÕQ�oR÷XQXQ� WRNVLN��PXWDMHQLN�YH�NDUVLQRMHQLN�
HWNLOHULQLQ� ROGX÷X�J|]�|Q�QH� DOÕQGÕ÷ÕQGD�EX� DODQGD�\DSÕODFDN�DUDúWÕUPDODUÕQ�|QHPL�
GDKD�L\L�DQODúÕODELOLU�� 
 øPPRELOL]H� PLNURRUJDQL]PDODUÕQ� ELU� EDúND� NXOODQÕP� DODQÕ� GD� �UHWWLNOHUL�
HQ]LPOHUGHQ� \DUDUODQPDNWÕU�� (QG�VWUL\HO� |QHPL� RODQ� HQ]LPOHUGHQ� ODERUDWXDUÕPÕ]ÕQ�
RODQDNODUÕ� LoHULVLQGH�WHVW�HGLOHELOHQOHU�DUDVÕQGD�VDGHFH�RUWD�GHUHFHGH�OLSD]�DNWLYLWHVL�
WHVSLW� HGLOPLú�� oDOÕúÕODQ� GL÷HU� HQ]LPOHU� RODn amilaz, proteaz ve katalaz aktiviteleri 

QHJDWLI� EXOXQPXúWXU�� %X� VRQXoODU� QHGHQL\OH� DOJLQDW� �]HULQH� LPPRELOL]H� A. niger 

$7&&� ����¶QLQ� K�FUH� GÕúÕQD� VDOJÕODGÕ÷Õ� HQ]LPOHULQ� NXOODQÕODELOLUOL÷L� GDKD� ID]OD�
DUDúWÕUÕOPDPÕúWÕU� 
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 =H\WLQ�NDUDVX\X�]H\WLQ\D÷Õ��UHWLPLQLQ�NR\X�UHQNOL�DWÕ÷ÕGÕU��%X�VX�]H\WLQ�VX\X��
PDNLQH� VR÷XWPD� VX\X�� PH\YH� \ÕNDPD� VX\X� YH� PH\YH� DWÕNODUÕQÕ� LoHULU�� =H\WLQ�
NDUDVX\XQXQ� ELOHúLPL� KDVDW� W�U�QH��PH\YH� oHúLGLQH� YH� \D÷� �UHWLPL� LoLQ� NXOODQÕODQ�
WHNQRORML\H� ED÷OÕ� RODUDN� GH÷LúLNOLN� J|VWHULU�� %�\�N� oDSWD� ]H\WLQ\D÷Õ� �UHWLPLQLQ�
\DSÕOGÕ÷Õ� $NGHQL]� E|OJHVLQGH� EX� VX\XQ� EHUWDUDI� HGLOPHVL� |QHPOL� ELU� SUREOHPGLU��
=H\WLQ�NDUDVX\XQXQ�WRNVLN�HWNLOHUL�\�NVHN�RUJDQLN�LoHUL÷L��a��������LQDWoÕ�YH�\�NVHN�
DQWLPLNUREL\DO� |]HOOLN� J|VWHUHQ� SROLIHQRO� LoHUL÷L� VRQXFX� HGLQGL÷L� \�Nsek COD ve 

%2'� GH÷HUOHULQGHQ� ND\QDNODQÕU�� %X� |]HOOLNOHUL� ]H\WLQ� NDUDVX\XQX� PXDPHOH�
J|UPHGHQ�DWÕOPDVÕ�KDOLQGH�E�\�N�ELU�oHYUH�SUREOHPL�RODUDN�NDUúÕPÕ]D�oÕNPDNWDGÕU��
$NGHQL]� �ONHOHULQLQ� \ÕOOÕN� ]H\WLQ� NDUDVX\X� DWÕ÷ÕQÕQ� �� [� ��7 m3� ROGX÷X� J|]� |Q�QH�
DOÕQÕUVD�EX�oHYUH�SUREOHPLQLQ�E�\�NO�÷��GDKD�L\L�DQODúÕODELOLU� 
 $\GÕQ� \|UHVLQGH� GH� ]H\WLQ\D÷Õ� �UHWHQ� ELULPOHULQ� VD\ÕVÕQÕQ� oRNOX÷X� VRQXFX�
]H\WLQ� NDUDVX\X� |QHPOL� ELU� oHYUH� SUREOHPL� RODUDN� NDUúÕPÕ]D� oÕNPDNWDGÕU�� %X�
QRNWDGDQ�\ROD�oÕNDUDN�EX�oDOÕúPD\D�NRQX�RODQ�LPPRELOL]H A. niger ATCC 9642’nin 

]H\WLQ� NDUDVX\XQX� DUÕWPD� NDSDVLWHVL� LQFHOHQPLú� DQFDN� PLNURRUJDQL]PDQÕQ�
E�\�W�OPHVL�P�PN�Q�RODPDPÕúWÕU��=H\WLQ�NDUDVX\XQXQ�\�NVHN�IHQROLN�PDGGH�LoHUL÷L�
QHGHQL\OH� DQWLPLNUREL\DO� DNWLYLWHVL� ROGX÷X� ELOLQPHNWHGLU�� 0LNURRUJDQL]PD�
büyümemeVLQLQ� QHGHQL� PXKWHPHO� DQWLPLNUREL\DO� DNWLYLWH� ROGX÷X� WDKPLQ�
HGLOPHNWHGLU�� %X� QHGHQOH� EX� oDOÕúPD\D� NRQX� RODQ� LPPRELOL]H� A. niger ATCC 

����¶QLQ� ]H\WLQ� NDUDVX\XQXQ� JLGHULOPHVLQGH� NXOODQÕOPDVÕ� �PLW� YHUPHPHNWHGLU��
$QFDN�� IDUNOÕ� PLNURRUJDQL]PD� NXOODQÕODUDN� ]H\WLQ� NDUDVX\XQXQ� DUÕWÕOPDVÕ� YH�YH\D�
]H\WLQ�NDUDVX\XQGDQ�HNRQRPLN�YH�HQG�VWUL\HO�|QHPL�RODQ�ELOHúLNOHULQ�HOGH�HGLOPHVL�
oDOÕúPDODUÕ�UDSRU�HGLOPLúWLU�YH��]HULQGH�oDOÕúÕOPD\D�GH÷HU�DUDúWÕUPD�NRQXODUÕGÕU� 
 0LNURRUJDQL]PDODU�X\JXQ�EHVL�RUWDPÕQGD�VHUEHVW�KDOGH�oR÷DOGÕNODUÕQGD�EHOOL�
ELU� PRUIRORML� J|VWHULUOHU�� 'R÷DO� YH\D� \DSD\� ELU� GHVWH÷H� LPPRELOL]H� RODQ�
PLNURRUJDQL]PD� LVH� EX� GHVWH÷H� DWWÕ÷Õ� NDQFD� KDUHNHWL� LOH� GDKD� IDUNOÕ� ELU� E�\�PH�
morfolojisi gösterebilir. A. niger�$7&&������ LoLQ�E|\OH�ELU� IDUNÕQ�ROXS�ROPDGÕ÷ÕQÕ�
izleyHELOPHN� LoLQ� 6(0� IRWR÷UDIODUÕ� oHNLOPLúWLU�� ùHNLO� ����¶GHQ� J|U�OG�÷�� �]HUH�
LPPRELOL]H� IXQJXVXQ� E�\�PH� PRUIRORMLVL� \DSÕúWÕ÷Õ� DOJLQDW� SROLPHUL� �]HULQGH�
N�PHOHQPH�úHNOLQGHGLU��6HUEHVW�IXQJXV�LVH�GDKD�oRN�LSOLNoLN��ILEULOHU��ELU�PRUIRORML\L�
göstermektedir. AncaN� EX� PRUIRORML� GH÷LúLNOL÷L� IXQJXVXQ� E�\�PHVLQL� YH� ER\D�
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JLGHUPH� NDSDVLWHVLQL� SUDWLN� RODUDN� HWNLOHPHNWHGLU�� 6(0� IRWR÷UDIODUÕ� DOJLQDW� N�UH�
�]HULQGH�PLNURRUJDQL]PDQÕQ�G�úPHGHQ�E�\�G�÷�Q��GH�NDQÕWODPDNWDGÕU�� 
 6RQXo� RODUDN� EX� oDOÕúPDQÕQ� VRQXoODUÕ� A. niger ATCC 9642’nin alginat 

�]HULQH� LPPRELOL]DV\RQXQXQ� X\JXQ� NRúXOODUGD� P�PN�Q� ROGX÷XQX� YH� LPPRELOL]H�
PLNURRUJDQL]PDQÕQ� WHVW� HGLOHQ� ER\DODU� LoLQ� VHUEHVW� PLNURRUJDQL]PD� NDGDU� \�NVHN�
JLGHUPH�|]HOOL÷L�J|VWHUGL÷LQL�RUWD\D�NR\PXúWXU��7HNVWLO�YH\D�GL÷HU�HQG�VWUL�NROODUÕQÕQ 

ER\DOÕ� DWÕN� VXODUÕQÕQ� DUÕWÕOPDVÕ� LoLQ� GH� �PLW� YHUGL÷L� J|U�OPHNWHGLU��*HUoHN� DWÕN� VX�
|UQHNOHUL��]HULQGHNL�GDKD�LOHUL�DUDúWÕUPD�oHYUH�|UQHNOHULQLQ�DUÕWÕOPDVÕ�LoLQ�|QHULOLU�� 
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ÖZET 

 

 %X� oDOÕúPDGD� DOJLQDW� N�UHOHUL� �]HULQH� A. niger ATCC 9642 fungusunun 

LPPRELOL]DV\RQ� NRúXOODUÕ� RSWLPL]H� HGLOGL�� )XQJXVXQ� DOJLQDW� PDWULNVWH� HQ� L\L�
E�\�PH\L� J|VWHUGL÷L� JOXNR]�GHULúLPLQLQ����� �Z�Y��� DOJLQDW� GHULúLPLQLQ����� �Z�Y���
ROJXQODúPD�V�UHVLQLQ���GDNLND��S+�������VSRU�o|]HOWLVL�DOJLQDW�o|]HOWLVL�RUDQÕQÕQ�LVH�
1����Y�Y��ROGX÷X�WHVSLW�HGLOGL��øPPRELOL]H�A. niger�$7&&�����¶QLQ�VDOJÕODGÕ÷Õ�K�FUH�
GÕúÕ�HQ]LPOHU�DUDúWÕUÕOGÕ��øQFHOHQHQ�G|UW�HQ]LPGHQ��OLSD]��DPLOD]��SURWHD]�YH�NDWDOD]��
sadece orta derecede lipaz aktivitesi tespit edildi. 

 øPPRELOL]H� A. niger ATCC 9642’nin ES Blue 4BL ve ES Red BWS 

ER\DODUÕQÕ�JLGHUPH�NDSDVLWHOHUL�DUDúWÕUÕOGÕ��(6�%OXH��%/�LoLQ�VHUEHVW�YH�LPPRELOL]H�
IXQJXVXQ�ER\D�JLGHUPH�NDSDVLWHOHUL�VÕUDVÕ\OD��������YH������������PJ�/�ER\D�LoLQ��
RODUDN�WHVSLW�HGLOGL��(6�5HG�%:6�ER\DVÕ�LoLQ�LVH�VHUEHVW�IXQJXs % 94,1 boya giderme 

kapasitesi gösterirken, immobilize fungus % 83,9 aktivite gösterdi (75 mg/L boya 

LoLQ���øPPRELOL]H�IXQJXVXQ�\HúLO�YH�PDYL�UHQNOL�WHNVWLO�IDEULNDVÕ�DWÕN�VXODUÕ�LoLQ�ER\D�
JLGHUPH�NDSDVLWHOHUL�LVH�VÕUDVÕ�LOH������YH������RODUDN�EXOXQGX��Zeytin kara suyunu 

DUÕWPD�NDSDVLWHVLQLQ�LVH�ROPDGÕ÷Õ�WHVSLW�HGLOGL�� 
6(0� IRWR÷UDIODUÕ� VHUEHVW� YH� LPPRELOL]H� IXQJXVXQ� �UHPH� PRUIRORMLOHULQLQ�

IDUNOÕ� ROGX÷XQX� J|VWHUGL�� $QFDN� EX� IDUNÕQ� ER\D� JLGHUPH� NDSDVLWHVLQL� HWNLOHPHGL÷L�
VRQXFXQD�YDUÕOGÕ� 
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SUMMARY 

 

 In this work the optimal conditions for the immobilization of A. niger ATCC 

9642 on alginate beads were determined. Optimum alginate concentration was found 

to be % 3 (w/v). Optimum glucose concentration of growth medium was found % 3 

(w/v). 0 minute and 6,75 were optimum curing time and pH, respectively. Optimum 

spor/alginate concentration ratio was 1/6 (v/v).  

 Extracellular enzymes produced by immobilized A. niger ATCC 9642 were 

investigated. Out of the four enzymes (lipase, amilase, protease and catalase) tested, 

lipase was the only enzyme present with low activity. 

 Decolorization capacity of free and immobilized A. niger ATCC 9642 against 

ES Blue 4BL and ES Red BWS dyes was investigated. Decolorization capacity of 

free and immobilized A. niger ATCC 9642 against ES Blue 4BL were % 89,6 and % 

94,7, respectively. Furthermore, decolorization capacity of free and immobilized A. 

niger ATCC 9642 against ES Red BWS were % 94,1 and % 83,9 (for 75 mg/L dye 

solution). 

 øPPRELOL]HG� IXQJXV� GHFRORUL]HG� EOXH� DQG� JUHHQ� HIIOXHQWV� REWDLQHG� IURP� D�
textile factory by % 17 and % 30, respectively. No decolorization capacity against 

olive oil mill waste was measured. 

 SEM images of free and immobilized fungus were compared and differences 

between morphologies were detected. Nevertheless, it is concluded that 

differentiation of morphologies do not effect the decolorization capacity.  
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7(ù(..h5 

 

 %X� WH]LQ� NRQX� VHoLPLQGHQ� \D]ÕPÕQD� NDGDU� KHU� DúDPDGD� \R÷XQ� HPH÷LQL� YH�
GHVWH÷LQL�J|UG�÷�P�VHYJLOL�GDQÕúPDQ�KRFDP�'Ro��'U��$��$OHY�.$5$*g=/(5¶H� 
 /DERUDWXDU� oDOÕúPDODUÕQGD� YH� WH]�\D]ÕPÕQGDNL�\R÷XQ�\DUGÕPODUÕQGDQ�GROD\Õ��
VHYJLOL�HúLP�$Uú��*UY��'HQL]�$.7$ù�8<*81¶D� 
 0LNUREL\RORML�KDNNÕQGDNL�HQJLQ�ELOJLOHULQGHQ�\DUDUODQPD�IÕUVDWÕ�EXOGX÷XP�YH�
kuOODQÕODQ� PLNURRUJDQL]PD� W�U�Q�Q� VHoLPLQGHNL� \DUGÕPODUÕQGDQ� GROD\Õ� %L\RORML�
%|O�P��|÷UHWLP��\HVL�GH÷HUOL�KRFDP�<UG��'Ro��'U��+DOLO�%,<,.¶D� 
 7HNVWLO� ER\DODUÕQÕQ� WHPLQLQGHNL� \DUGÕPODUÕQGDQ� GROD\Õ� .LP\D� %|O�P��
|÷UHWLP��\HVL�GH÷HUOL�KRFDP�3URI��'U��(UGHQHU�.$5$'$ö¶$� 
 6(0� IRWR÷UDIODUÕQÕQ� oHNLOPHVLQGH� \DUGÕPODUÕQÕ� YH� LOJLOHULQL� HVLUJHPH\HQ�
øQ|Q��hQLYHUVLWHVL�|÷UHWLP��\HVL�3URI��'U��7XUJD\�6(d.ø1�YH�$Uú��*UY��6�OH\PDQ�
KÖYTEPE’ye, 

 /DERUDWXDU� oDOÕúPDODUÕ� VÕUDVÕQGD� WHFU�EHOHULQGHQ� \DUDUODQGÕ÷ÕP� %L\RORML�
%|O�P��|÷UHWLP��\HVL�GH÷HUOL�KRFDP�<UG��'Ro��'U��.XELOD\�0(7ø1¶H� 
 0LNURRUJDQL]PDODU� LOH� oDOÕúPDGD� \DUGÕPODUÕQÕ� YH� GHVWH÷LQL� NHVPH\HQ�
DUNDGDúÕP� %L\RORML� $QDELOLP� 'DOÕ� <�NVHN� /LVDQV� g÷UHQFLVL� $Uú�� *UY�� g]QXU�
ARAT’a, 

 %X�oDOÕúPD\D�)()�������QR¶OX�DUDúWÕUPD�SURMHVL�RODUak maddi destek veren 

$GQDQ�0HQGHUHV�hQLYHUVLWHVL�5HNW|UO�÷�¶QH� 
 9H� HPHNOHULQLQ� NDUúÕOÕ÷ÕQÕ� DVOD� |GH\HPH\HFH÷LP� HúLPH� YH� DLOHPH� HQ� LoWHQ�
WHúHNN�UOHULPL�VXQX\RUXP� 
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