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¶EPI§HæH

OÈ ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ (zinc fingers) Â›Ó·È ÌÈÎÚ¤˜ ÂÚÈÔ¯¤˜ (domains)

·ÔÙÂÏÔ‡ÌÂÓÂ˜ ·fi ÂÚ›Ô˘ 28 ·ÌÈÓÔÍ¤·, Ô˘ ·Ó·ÁÓˆÚ›˙Ô˘Ó ÂÈÏÂÎÙÈÎ¿ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜

·ÏÏËÏÔ˘¯›Â˜ DNA. H ·ÚÔ‡Û· ÂÚÁ·Û›· ·Ó·Ê¤ÚÂÙ·È i) ÛÙËÓ ‰ËÌÈÔ˘ÚÁÈ¿ ÌÔÓÙ¤ÏÔ˘ ÙÔ˘

Û˘ÌÏ¤ÁÌ·ÙÔ˜ ÙÚÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÙË˜ ÚˆÙÂ˝ÓË˜ CF2 (chorion factor-2) ·fi

‰ÚÔÛfiÊÈÏ· ÌÂ ÙÔ DNA Î·È ii) ÛÙË ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË 577 Ù¤ÙÔÈˆÓ ·ÏÏËÏÔ˘¯ÈÒÓ ·fi 106

‰È·ÊÔÚÂÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘.

TÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Û˘ÌÏfiÎÔ˘ ÙË˜ ÚˆÙÂ˝ÓË˜ CF2 ÌÂ ÙÔ DNA ÛÙËÚ›¯ÙËÎÂ

·ÔÎÏÂÈÛÙÈÎ¿ ÛÙÈ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ÙË˜ Ï˘Ì¤ÓË˜ ‰ÔÌ‹˜ ÙÔ˘ Û˘ÌÏfiÎÔ˘ Zif268 ÌÂ ÙÔ DNA

(Pavletich and Pabo, 1991). H ÚˆÙÂ˝ÓË Zif268 ·ÔÙÂÏÂ› ¯·Ú·ÎÙËÚÈÛÙÈÎfi ·Ú¿‰ÂÈÁÌ·

ÙˆÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ ÌÂÙ·Í‡ ÚˆÙÂ˚ÓÒÓ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ Î·È ÙÔ˘ DNA.

H ÚˆÙÂ˝ÓË CF2 (chorion transcription factor) ·ÔÙÂÏÂ› Ú˘ıÌÈÛÙÈÎfi ·Ú¿ÁÔÓÙ·

ÁÔÓÈ‰›ˆÓ ÛÙÔ ¯ÒÚÈÔÓ (chorion) ÙË˜ ‰ÚÔÛfiÊÈÏ· (Drosophila melanogaster). O ÏfiÁÔ˜

Ú·ÁÌ·ÙÔÔ›ËÛË˜ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘ ‹Ù·Ó Î˘Ú›ˆ˜ ÁÈ· Ó· ÂÚÂ˘ÓËıÂ› ·Ó ÙËÚÔ‡ÓÙ·È ÔÈ ›‰ÈÔÈ

Î·ÓfiÓÂ˜ ·ÏÏËÏÂ›‰Ú·ÛË˜ ÌÂ ÙÔ DNA, fiˆ˜ ·˘ÙÔ› ÂÚÈÁÚ¿ÊÙËÎ·Ó ÛÂ ÁÓˆÛÙ¤˜ ‰ÔÌ¤˜

ÚˆÙÂ˚ÓÒÓ ÙÔ˘ Â›‰Ô˘˜ (Pavletich and Pabo, 1991). H ·ÏÏËÏÔ˘¯›· Ô˘ ·Ó·ÁÓˆÚ›˙ÂÙ·È

·fi ÙËÓ ÚˆÙÂ˝ÓË CF2 ÂÚÈ¤¯ÂÈ Î˘Ú›ˆ˜ ˙Â˘Á¿ÚÈ· ‚¿ÛÂˆÓ A/T (5’-GATTATATA-3’), ÛÂ

·ÓÙ›ıÂÛË ÌÂ ·˘Ù‹ Ô˘ ·Ó·ÁÓˆÚ›˙ÂÙ·È ·fi ÙËÓ ÚˆÙÂ˝ÓË Zif268 Ô˘ ÂÚÈ¤¯ÂÈ Î˘Ú›ˆ˜

˙Â‡ÁË G/C (5’-GCGTGGGCG-3’) (Pavletich and Pabo, 1991).

T· ·ÔÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó fiÙÈ Î·È ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Ù· ÁÂÓÈÎ¿

¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ·ÏÏËÏÂ›‰Ú·ÛË˜ ‰È·ÙËÚÔ‡ÓÙ·È fiˆ˜ Î·È ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268

(Pavletich and Pabo, 1991). EÈÏ¤ÔÓ fiÌˆ˜ ·Ú·ÙËÚ‹ıËÎ·Ó Î·È Î¿ÔÈ· Î·ÈÓÔ‡ÚÁÈ·

ÛÙÔÈ¯Â›·, fiˆ˜ Ë ‰˘Ó·ÙfiÙËÙ· ·ÏÏËÏÂ›‰Ú·ÛË˜ ÌÂ ‚¿ÛÂÈ˜ ·fi ÙÔ ‰Â˘ÙÂÚÂ‡ÔÓÙ· ÎÏÒÓÔ

(secondary strand) ÙÔ˘ DNA, ‹ Ë ‰˘Ó·ÙfiÙËÙ· Û¯ÂÙÈÎ‹˜ ÙÔÔı¤ÙËÛË˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ
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„Â˘‰·ÚÁ‡ÚÔ˘, ÚÔ˜ ÙËÓ Î‡ÚÈ· ·‡Ï·Î· ·Ó¿ÏÔÁ· ÌÂ ÙÔ Ì‹ÎÔ˜ ÙˆÓ ÏÂ˘ÚÈÎÒÓ ·Ï˘Û›‰ˆÓ

ÛÙÈ˜ ÎÚ›ÛÈÌÂ˜ ı¤ÛÂÈ˜.

Afi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ÙˆÓ ·ÏÏËÏÔ˘¯ÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘

ÚÔ¤Î˘„·Ó ̄ Ú‹ÛÈÌ· Û˘ÌÂÚ¿ÛÌ·Ù· ÁÈ· ÙÔÓ ÚfiÏÔ Ô˘ ·›˙ÂÈ Î¿ıÂ ı¤ÛË ÛÙË ‰ÈÂÚÁ·Û›·

·Ó·ÁÓÒÚÈÛË˜ ÙÔ˘ DNA. E›ÛË˜ ‚Ú¤ıËÎ·Ó ÔÈ¿ Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤· Î·È ÔÈÔ›

Û˘Ó‰˘·ÛÌÔ› ÙÔ˘˜ ··ÓÙÔ‡Ó Û˘¯ÓÒÙÂÚ· ÛÙÈ˜ ÎÚ›ÛÈÌÂ˜ (·˘Ù¤˜ ‰ËÏ·‰‹ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó

ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA) ‹  ÌË ı¤ÛÂÈ˜ ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘.

™Â Û˘Ó‰˘·ÛÌfi ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ·fi ÙÔ ıÂˆÚËÙÈÎfi ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Î·È ÙË˜

ÛÙ·ÙÈÛÙÈÎ‹˜ ·Ó¿Ï˘ÛË˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ¤¯ÂÈ ÚÔÎ‡„ÂÈ ÌÈ· ÈÔ

ÔÏÔÎÏËÚˆÌ¤ÌË ÂÈÎfiÓ·, ÛÂ Û¯¤ÛË ÌÂ ·˘Ù‹Ó Ô˘ ˘‹Ú¯Â ‹‰Ë ÁÈ· ÙÔÓ ÏÂÈÙÔ˘ÚÁÈÎfi Î·È

‰ÔÌÈÎfi ÚfiÏÔ Î¿ıÂ ·ÌÈÓÔÍ¤Ô˜ Û’ ¤Ó· ‰¿ÎÙ˘ÏÔ „Â˘‰·ÚÁ‡ÚÔ˘.
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Summary

The zinc finger is a small independently folded DNA recognition motif found in

many eykaryotic proteins. In order to analyze them a database of 577 zinc fingers, from

106 different proteins has been constructed and a program for statistical analysis of

aligned sequences written. We also designed a three dimensional model for the CF2-

DNA interaction based on the structure of the Zif268-DNA complex (Pavletich and

Pabo, 1991). The previous one represents an excellent working model for the

interactions between the zinc fingers and the DNA.

The chorion transcription factor CF2 was isolated as a potentional

transcriptional regulator of a chorion gene of Drosophila melanogaster. It is a zinc

finger protein which is present in the nuceli of follicle cells which produce the chorion.

Localized CF2 is not detected in the early embryo but appears during later embryonic

stages (Hsu et al., 1992). The model of the CF2-DNA complex was of general interest

because it predicts the modularity of finger-DNA interactions other than the known

hydrogen bonding has been reported at the Zif268-DNA structure. The binding site of

the CF2 protein is A/T rich DNA (5’-GATTATATA-3’) instead of the G/C rich DNA (5’-

GCGTGGGCG-3’) of the Zif268 protein.

The results showed apart of the well characterized pattern observed in the Zif268

structure, that additional specific contacts may be formed with bases of the secondary

DNA strand.

From statstical analysis of the zinc finger sequences the particular role of each

amino acid was noted and clusters of correlated residues at critical positions (DNA base

contact positions) were observed. The results of the theoretical model of the complex

CF2- DNA cmbined with statistical analysis will help to understand the mechanism of

how zinc fingers, where the structure is unknown interact with the DNA.
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I. EI™A°ø°H

°ÂÓÈÎ¿

ŒÓ· ·fi Ù· ÈÔ ÂÓ‰È·Ê¤ÚÔÓÙ· ÚÔ‚Ï‹Ì·Ù· ÛÙËÓ ‚ÈÔÏÔÁ›· Û‹ÌÂÚ·, Â›Ó·È ÙÔ Ò˜

ÂÓÂÚÁÔÔÈÔ‡ÓÙ·È Ù· ÁÔÓ›‰È· ÛÂ ÔÏ˘Î‡ÙÙ·ÚÔ˘˜ ÔÚÁ·ÓÈÛÌÔ‡˜. °È· Ó· ÂÓÂÚÁÔÔÈËıÂ› ¤Ó·

ÁÔÓ›‰ÈÔ ÌÈ· ÛÂÈÚ¿ ÚˆÙÂ˚ÓÒÓ, ÁÓˆÛÙÔ› ˆ˜ ÌÂÙ·ÁÚ·ÊÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ (transcription

factors) Ú¤ÂÈ Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÌÂ ¤Ó· Ì¤ÚÔ˜ ÙÔ˘ ÁÔÓÈ‰›Ô˘, ÙÔÓ ˘ÔÎÈÓËÙ‹

(promoter). A˘Ùfi˜ Ô ÌË¯·ÓÈÛÌfi˜ ·ÔÙÂÏÂ› ¤Ó· Â›‰Ô˜ ‰È·ÎfiÙË Î·È ÂÈÙÚ¤ÂÈ ÛÂ ÌÈ·

ÁÂÓÂÙÈÎ‹ ÏËÚÔÊÔÚ›· Ó· ÌÂÙ·ÁÚ·ÊÂ› ·fi DNA ÛÂ RNA. TÔ ÂÚÒÙËÌ· Â›Ó·È, Ò˜ Â›Ó·È

‰˘Ó·ÙfiÓ ¤Ó·˜ ÌÂÙ·ÁÚ·ÊÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ Ó· ÂÈÏ¤ÍÂÈ ˆ˜ ÛÙfi¯Ô ÙËÓ Û˘ÁÎÂÎÚÈÌ¤ÓË

·ÏÏËÏÔ˘¯›· ÙÔ˘ ˘ÔÎÈÓËÙ‹, ·Ó¿ÌÂÛ· ÛÂ ÔÏ‡ ÌÂÁ¿ÏÔ ·ÚÈıÌfi ‚¿ÛÂˆÓ;

¶ÔÏÏÔ› ÌÂÙ·ÁÚ·ÊÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ ÂÚÈ¤¯Ô˘Ó ÌÈÎÚ¤˜ ÂÚÈÔ¯¤˜ (domains) Ô˘

ÔÓÔÌ¿˙ÔÓÙ·È ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ (zinc fingers) Î·È ¤¯Ô˘Ó ÙËÓ ÈÎ·ÓfiÙËÙ· Ó·

ÂÈÏ¤ÁÔ˘Ó ÌÂ ÌÂÁ¿ÏË ·ÎÚ›‚ÂÈ· Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ·ÏÏËÏÔ˘¯›Â˜ DNA. ¶ÚˆÙÂ˝ÓÂ˜ ·˘ÙÔ‡ ÙÔ˘

Â›‰Ô˘˜ ·Ó·Î·Ï‡ÊıËÎ·Ó ÁÈ· ÚÒÙË ÊÔÚ¿ ÙÔ 1985 ÛÂ ‚¿ÙÚ·¯Ô (Freemont et al., 1991), Î·È

·fi ÙfiÙÂ ¤¯Ô˘Ó ·Ó·ÁÓˆÚÈÛÙÂ› Á‡Úˆ ÛÙÈ˜ ‰È·ÎfiÛÈÂ˜ ÌÂ ·ÚfiÌÔÈ· ÏÂÈÙÔ˘ÚÁ›·. 

E›Ó·È ÔÏ‡ ÛËÌ·ÓÙÈÎfi Ó· Î·Ù·ÓÔ‹ÛÔ˘ÌÂ ÛÂ ÌÔÚÈ·Îfi Â›Â‰Ô ·˘ÙfiÓ ÙÔÓ

ÌË¯·ÓÈÛÌfi, Ô˘ ··ÈÙÂ› ÁÓÒÛË ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ ‰È·ÌfiÚÊˆÛË˜ ÙˆÓ ÚˆÙÂ˚ÓÒÓ Î·È ÙˆÓ

Û˘ÌÏfiÎˆÓ ÙÔ˘˜ ÌÂ ÙÔ DNA. T· ÙÂÏÂ˘Ù·›· ¯ÚfiÓÈ· ÂÈÚ·Ì·ÙÈÎ¤˜ ÌÂÏ¤ÙÂ˜

ÎÚ˘ÛÙ·ÏÏÔÁÚ·Ê›·˜ ·ÎÙ›ÓˆÓ-X fiÛÔ Î·È Ê¿ÛÌ·Ù· ˘ÚËÓÈÎÔ‡ Ì·ÁÓËÙÈÎÔ‡ Û˘ÓÙÔÓÈÛÌÔ‡

N.M.R., ÛÂ ÌfiÚÈ· ÚˆÙÂ˚ÓÒÓ Î·È ÛÂ Û‡ÌÏÔÎ· ÙÔ˘˜ ÌÂ DNA ¤¯Ô˘Ó ‚ÔËı‹ÛÂÈ ÛËÌ·ÓÙÈÎ¿

ÙËÓ ¤ÚÂ˘Ó· ÛÙÔ ·Ú·¿Óˆ Â‰›Ô.

Y¿Ú¯Ô˘Ó ·ÚÎÂÙ¤˜ ÔÌ¿‰Â˜ ÚˆÙÂ˚ÓÒÓ Ô˘ Î·Ù·Ù¿ÛÛÔÓÙ·È ‚¿ÛÂÈ ÙË˜ ÔÌÔÏÔÁ›·˜

ÙÔ˘˜ ÛÂ Â›Â‰Ô ÚˆÙÔÙ·ÁÔ‡˜ ‰ÔÌ‹˜. OÈ ·Ú·¿Óˆ ÔÌ¿‰Â˜ Ê·›ÓÔÓÙ·È ÛÙÔÓ ¶›Ó·Î· 1

Ì·˙› ÌÂ ·Ú·‰Â›ÁÌ·Ù· ÚˆÙÂ˚ÓÒÓ Ô˘ Ë ‰ÔÌ‹ ÙÔ˘˜ ¤¯ÂÈ ÚÔÛ‰ÈÔÚÈÛÙÂ› ÂÈÚ·Ì·ÙÈÎ¿. T·

Â›‰Ë Ô˘ ·Ó·Ê¤ÚÔÓÙ·È ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÏ˘ÌÔÚÊ›· Û¯ÂÙÈÎ¿ ÌÂ ÙÔÓ ÙÚfiÔ ‰Ú¿ÛË˜ ÙÔ˘˜. OÈ

Â·Ê¤˜ Ú·ÁÌ·ÙÔÔÈÔ‡ÓÙ·È Û˘Ó‹ıˆ˜ ·fi ¤ÏÈÎÂ˜ ‰È· Ì¤Ûˆ ‰ÂÛÌÒÓ ˘‰ÚÔÁfiÓÔ˘, Î·È ÌË

ÔÏÈÎÒÓ van der Waals ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ. ™ÙÈ˜ ÂÚÈÛÛfiÙÂÚÂ˜ ÂÚÈÙÒÛÂÈ˜ Ù· ÌfiÚÈ·

ÙÔÔıÂÙÔ‡ÓÙ·È ÛÙËÓ Î‡ÚÈ· ·‡Ï·Î· (major groove) ÙÔ˘ DNA. E›ÛË˜ ÔÈ

·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÌÂ Ù· ¿ÙÔÌ· ÙÔ˘ ÛÎÂÏÂÙÔ‡ (backbone) ÙÔ˘ DNA, ÈÔ Û˘ÁÎÂÎÚÈÌ¤Ó·

‰ÂÛÌÔ› ̆ ‰ÚÔÁfiÓÔ˘ ÌÂ Ù· ÔÍ˘ÁfiÓ· ÙÔ˘ ÊˆÛÊfiÚÔ˘, Â›Ó·È ÂÍ›ÛÔ˘ ÛËÌ·ÓÙÈÎ¤˜ ÁÈ· ÙÔÓ ÛˆÛÙfi

ÚÔÛ·Ó·ÙÔÏÈÛÌfi ÙË˜ ÚˆÙÂ˝ÓË˜ ˆ˜ ÚÔ˜ ÙÈ˜ ‚¿ÛÂÈ˜. K·È ·˘Ù¤˜ ÏÔÈfiÓ ·ÔÙÂÏÔ‡Ó

·Ó·ÌÊÈÛ‚‹ÙËÙ·, ÛËÌ·ÓÙÈÎfi ÙÌ‹Ì· ÙË˜ ‰ÈÂÚÁ·Û›·˜ ·Ó·ÁÓÒÚÈÛË˜ ÙË˜ ·ÏÏËÏÔ˘¯›·˜

ÛÙfi¯Ô˘.
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¶INAKA™ 1 ¶ÚˆÙÂ˝ÓÂ˜ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ DNA Î·È ¤xÔ˘Ó Ï˘ıÂ› ÂÈÚ·Ì·ÙÈÎ¿

¶ÚˆÙÂ˝ÓË ¶ÂÈÚ·Ì·ÙÈÎ¿ AÏÏÔÛÙÂÚÈÎ¿ AÓ·ÊÔÚ¿
‰Â‰ÔÌ¤Ó· Ê·ÈÓfiÌÂÓ·

OÌ¿‰· I (HTH)
P˘ıÌÈÛÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ 
Â˘Î·Ú˘ˆÙÈÎÒÓ ÔÚÁ.

Homedomains

Antp NMR OXI Qian & Otiing (1989)
engrailed X-ray OXI Kissinger et al. (1990)

P˘ıÌÈÛÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜
ÚÔÎ·Ú˘ˆÙÈÎÒÓ ÔÚÁ.

lac Î·Ù·ÛÙÔÏ¤·˜ NMR Ï·ÎÙfi˙Ë Kaptein et al. (1985)
Ï Î·Ù·ÛÙÔÏ¤·˜ X-ray OXI Jordan & Pabo (1982)
434 Î·Ù·ÛÙÔÏ¤·˜ X-ray OXI Mondragon et al. (1989)
434 cro X-ray OXI Mondragon et al. (1989)
Ï cro X-ray OXI Brennan et al (1990)
Î·Ù·‚ÔÏÈÎfi˜ X-ray c-AMP Schuultz et al (1991)
ÂÓÂÚÁÔÔÈËÙ‹˜ (CAP)
Î·Ù·ÛÙÔÏ¤·˜ ÙË˜ trp X-ray L-Trp Otwinowski et al (1988)
inversion stimulation X-ray OXI Kostrewa et al (1991)
factor (FIS)

OÌ¿‰· II (¶ÚˆÙÂ˝ÓÂ˜ Ô˘ ‰ÂÛÌÂ‡Ô˘Ó Zn)

T¿ÍË 1 (¢¿ÎÙ˘ÏÔÈ Zn)

fin (‰¿ÎÙ˘ÏÔ˜ 31) NMR OXI Lee et al (1989)
ADR1 (‰¿ÎÙ˘ÏÔ˜ ADR1b) NMR OXI Klevit et al (1990)
Zif 268 (‰¿ÎÙ˘ÏÔÈ 1-3) X-ray OXI Pavlevitc & Pabo (1991)

T¿ÍË 2 (LZnH)

˘Ô‰Ôx¤·˜ NMR; X-ray ÁÏ˘ÎÔÎÔÚ- Hard & Luisi (1990)
ÁÏ˘ÎÔÎÔÚÙÎÔÂÈ‰Ô‡˜ ÙÈÎÔÂÈ‰¤˜
˘Ô‰Ô¯¤·˜ ÔÈÛÙÚÔÁfiÓÔ˘ NMR ÔÈÛÙÚÔÁfiÓÔ Schwabe et al (1990)

OÌ¿‰· III (ºÂÚÌÔ˘¿Ú ÏÂ˘Î›ÓË˜)

GCN4 NMR OXI Oas et al (1990)

OÌ¿‰· IV (‚ ÎÔÚ‰¤Ï·)

T¿ÍË 1

Met J X-ray S-·‰ÂÓ˘Ï- Philips et al (1989)
ÌÂıÂÈÔÓ›ÓË

Arc NMR OXI Berg et al (1990)

T¿ÍË 2

HU X-ray OXI White et al (1989)
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I.I ¶ÚˆÙÂ˝ÓÂ˜ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ DNA

Œ¯Ô˘ÌÂ Î·Ù·Ù¿ÍÂÈ ÙÈ˜ ·Ú·¿Óˆ ÚˆÙÂ˝ÓÂ˜, fiˆ˜ Ê·›ÓÂÙ·È ÛÙÔÓ ¶›Ó·Î· 1

Û‡ÌÊˆÓ· ÌÂ ‰ÔÌÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ Î·È ÛÂ ˘ÔÎ·ÙËÁÔÚ›Â˜ ·Ó¿ÏÔÁ· ÌÂ ÂÈÌ¤ÚÔ˘˜

ÎÚÈÙ‹ÚÈ·. K·Ù·Ù¿ÛÔ˘ÌÂ ÏÔÈfiÓ ÙÈ˜ ÚˆÙÂ˝ÓÂ˜ ÛÂ Ù¤ÛÛÂÚÈ˜ ÌÂÁ¿ÏÂ˜ ÔÌ¿‰Â˜ Î·È

·Ó·Ê¤ÚÔ˘ÌÂ ·Ú·‰Â›ÁÌ·Ù· ÁÈ· ·˘Ù¤˜ Ô˘ ˘¿Ú¯Ô˘Ó ‰ÔÌÈÎ¿ ‰Â‰ÔÌ¤Ó·.

ŒÏÈÎ·-ÛÙÚÔÊ‹-¤ÏÈÎ· (HTH)

Afi ÙÈ˜ ÚÒÙÂ˜ ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¤˜ ÂÚÁ·Û›Â˜ ÛÙÔÓ Ï Î·Ù·ÛÙÔÏ¤· ¤ÁÈÓÂ Ê·ÓÂÚfi

fiÙÈ ÔÈ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ÚˆÙÂ˝ÓÂ˜ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ ÙÔ DNA Ì¤Ûˆ ‰‡Ô ÂÏ›ÎˆÓ. A˘Ùfi ÙÔ

ÚfiÙ˘Ô ¯·Ú·ÎÙËÚ›˙ÂÙ·È Û‹ÌÂÚ· ˆ˜ ¤ÏÈÎ·-ÛÙÚÔÊ‹-¤ÏÈÎ· (helix-turn-helix) Î·È

ÂÚÈÏ·Ì‚¿ÓÂÈ ÌÂÙ·Í‡ ÙˆÓ ÂÏ›ÎˆÓ, Ô˘ Û¯ËÌ·Ù›˙Ô˘Ó ÌÂÙ·Í‡ ÙÔ˘˜ ÌÈ· ÁˆÓ›· ÂÚ›Ô˘ 90Ô,

ÌÈ· ‚-ÛÙÚÔÊ‹. MÈ· ·fi ÙÈ˜ ¤ÏÈÎÂ˜ (EÈÎ.1) ÙÔÔıÂÙÂ›Ù·È ÛÙËÓ Î‡ÚÈ· ·‡Ï·Î·, Î·È Â›Ó·È

Î˘Ú›ˆ˜ ˘Â‡ı˘ÓË ÁÈ· ÙËÓ ÂÈÏÂÎÙÈÎ‹ ·ÏÏËÏÂ›‰Ú·ÛË (sequence specific) ÌÂ ÙÔ DNA. TÔ

ÌÔÙ›‚Ô (HTH) ¤¯ÂÈ ‚ÚÂıÂ› ÛÂ ·ÚÎÂÙÔ‡˜ ÚÔÎ·Ú˘ˆÙÈÎÔ‡˜ Î·Ù·ÛÙÔÏÂ›˜ Î·È ÂÓÂÚÁÔÔÈËÙ¤˜,

fiˆ˜ Ê·›ÓÂÙ·È ÛÙÔÓ ¶›Ó·Î· 1. TÂÏÂ˘Ù·›· ¤¯Ô˘Ó ‚ÚÂıÂ› ·ÚfiÌÔÈ· ÚfiÙ˘· Î·È ÛÂ

ÚˆÙÂ˝ÓÂ˜ homeodomain, ÁÈ· ·Ú¿‰ÂÈÁÌ· ÛÙËÓ ‰ÚÔÛfiÊÈÏ· ¤¯ÂÈ ‚ÚÂıÂ› Ë ÚˆÙÂ˝ÓË

antennapedia homeodomain. ™Â ÌÂÚÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ ·˘Ù‹˜ ÙË˜ ÔÌ¿‰·˜ (‰Â˜ ¶›Ó·Î· 1)

·Ú·ÙËÚÔ‡ÓÙ·È ·ÏÏÔÛÙÂÚÈÎ¿ Ê·ÈÓfiÌÂÓ· fiˆ˜ ÁÈ· ÙËÓ ÚˆÙÂ˝ÓË CAP (Schultz et al.,

1990) Ô˘ ··ÈÙÂ›Ù·È ‰ËÏ·‰‹ Î·È Ë ·ÚÔ˘Û›· ÂÓfi˜ ÂÈÏ¤ÔÓ ÌÔÚ›Ô˘ (c-AMP) ÁÈ· Ó·

ÏÂÈÙÔ˘ÚÁ‹ÛÂÈ Ë Û˘ÁÎÂÎÚÈÌ¤ÓË ÚˆÙÂ˝ÓË. 
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ºÂÚÌÔ˘¿Ú ÏÂ˘Î›ÓË˜ (‚ Zip)

™ÙÈ˜ ÚˆÙÂ˝ÓÂ˜ ·˘Ù¤˜ ÙÔ ·ÌÈÓÔÙÂÏÈÎfi ÙÔ˘˜ ¿ÎÚÔ ·ÔÙÂÏÂ› ÙËÓ ‚·ÛÈÎ‹ ÂÚÈÔ¯‹ ÙË˜

ÚˆÙÂ˝ÓË˜ (basic region) Ô˘ ÈÛÙÂ‡ÂÙ·È fiÙÈ Â›Ó·È Î˘Ú›ˆ˜ ˘Â‡ı˘ÓË ÁÈ· ÙÈ˜

·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÌÂ ÙÔ DNA. H Û˘ÁÎÂÎÚÈÌ¤ÓË ÂÚÈÔ¯‹ Â›Ó·È ıÂÙÈÎ¿ ÊÔÚÙÈÛÌ¤ÓË Î·È

·ÔÙÂÏÂ›Ù·È Î˘Ú›ˆ˜ ·fi ·-¤ÏÈÎ· Ô˘ Ì·˙› ÌÂ ÙËÓ ‰Â‡ÙÂÚË ˘ÔÌÔÓ¿‰· Û¯ËÌ·Ù›˙Ô˘Ó ÙÔ

‰ÔÌÈÎfi ÚfiÙ˘Ô ÙË˜ ˘ÂÚ¤ÏÈÎ·˜ (coiled coil) (Oas et al., 1990). ¶·ÚfiÌÔÈ· ÌÂ ¿ÏÏ· Ù¤ÙÔÈ·

ÚfiÙ˘· Î·È ÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÈ· ÂÚÈÔ‰ÈÎfiÙËÙ· ÛÙËÓ Î·Ù·ÓÔÌ‹ ·Ó¿ ÂÙ¿

·ÌÈÓÔÍ¤·. EÌÊ·Ó›˙ÔÓÙ·È ‰ËÏ·‰‹ ÛÙËÓ ÚÒÙË Î·È ÛÙËÓ Ù¤Ù·ÚÙË ı¤ÛË ÙË˜ ÂÙ¿‰·˜, Ô˘

‚Ú›ÛÎÔÓÙ·È ÛÙËÓ ›‰È· ÏÂ˘Ú¿ ÏfiÁˆ ÙË˜ ·-¤ÏÈÎ·˜, ÌË ÔÏÈÎ¤˜ (non polar) ÏÂ˘ÚÈÎ¤˜

·Ï˘Û›‰Â˜. °È· ·Ú¿‰ÂÈÁÌ· ÛÙËÓ ÚˆÙÂ˝ÓË ÙÔ˘ Ì‡ÎËÙ· GCN4 Ë Ù¤Ù·ÚÙË ı¤ÛË

Î·Ù·Ï¿Ì‚·ÓÂÙ·È ÛÂ ÔÛÔÛÙfi 80% ·fi ÏÂ˘Î›ÓË (Landschulz, 1988). TÔ ÏÂÈÙÔ˘ÚÁÈÎfi Ì¤ÚÔ˜

ÙÔ˘ ÌÔÚ›Ô˘ ÂÚÈÏ·Ì‚¿ÓÂÈ ÂÚ›Ô˘ ÙÚÈ¿ÓÙ·, ˆ˜ Â› ÙÔ ÏÂ›ÛÙÔÓ ‚·ÛÈÎ¿ ·ÌÈÓÔÍ¤· Ô˘

‰ÈÏÒÓÔ˘Ó Î˘Ú›ˆ˜ Û·Ó ·-¤ÏÈÎ·.

‚ ÎÔÚ‰¤Ï· (‚ ribbon)

Y¿Ú¯Ô˘Ó ‰‡Ô Ù¿ÍÂÈ˜ ÚˆÙÂ˚ÓÒÓ ÛÂ ÚÔÎ·Ú˘ˆÙÈÎÔ‡˜ ÔÚÁ·ÓÈÛÌÔ‡˜ Ô˘

·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ ÙÔ DNA ‰È· Ì¤Ûˆ ÙË˜ ‰È·ÌfiÚÊˆÛË˜ ÙË˜ ‚ ÎÔÚ‰¤Ï·˜ (EÈÎ. 2). H ÚÒÙË

ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÔÓ Î·Ù·ÛÙÔÏ¤· Met J ·fi Escherichia coli, Î·È Â›ÛË˜ ÙÔ˘˜ Î·Ù·ÛÙÔÏÂ›˜

arc Î·È mnt ·fi Salmonella phage P22. H ‰Â‡ÙÂÚË Ù¿ÍË ÂÚÈÏ·Ì‚¿ÓÂÈ ÙËÓ ÚˆÙÂ˝ÓË HU

Ô˘ Û¯ËÌ·Ù›˙ÂÈ ÓÔ˘ÎÏÂÔÚˆÙÂ˚ÓÈÎfi Û‡ÌÏÂÁÌ· (nucleoprotein structures) ÛÂ ÔÏÏÔ‡˜

ÚÔÎ·Ú˘ˆÙÈÎÔ‡˜ ÔÚÁ·ÓÈÛÌÔ‡˜. H ‰ÔÌ‹ ÙÔ˘ Met J ¤¯ÂÈ ÚÔÛ‰ÈÔÚÈÛÙÂ› ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¿

(Phillips, 1991 - Raffery et al., 1989 ), Î·È Ë ‰ÔÌ‹ ÙÔ˘ Arc ÌÂ NMR (Berg et al., 1990).

A˘Ù¤˜ ÔÈ ÚˆÙÂ˝ÓÂ˜ Û¯ËÌ·Ù›˙Ô˘Ó ‰ÈÌÂÚ‹ ÌÂ ¤Ó· ˘Ú‹Ó· ·fi Ù¤ÛÛÂÚÈ˜ ·-¤ÏÈÎÂ˜, ‰‡Ô ·fi

Î¿ıÂ ˘ÔÌÔÓ¿‰·. E›ÛË˜ Û¯ËÌ·Ù›˙ÂÙ·È ¤Ó· ÚfiÙ˘Ô ‚ ÎÔÚ‰¤Ï·˜ ÛÙÔ ·ÌÈÓÔÙÂÏÈÎfi ¿ÎÚÔ,

ÂÍ¤¯ÔÓÙ·˜ ·fi ÙÔÓ ˘Ú‹Ó·. (EÈÎ. 8) ™ÙÔ Û‡ÌÏÔÎÔ ÙÔ˘ Met J ÌÂ ÙÔ DNA Ê·›ÓÂÙ·È fiÙÈ

·˘Ù‹ Ë ‚ ÎÔÚ‰¤Ï· “ÙÔÔıÂÙÂ›Ù·È” ÛÙËÓ ÎÂÓÙÚÈÎ‹ ·‡Ï·Î·, Î·È ÁÈ· Ó· ÏÂÈÙÔ˘ÚÁ‹ÛÂÈ

··ÈÙÂ› ‰ÈÌÂÚÈÛÌfi ÙÔ˘ ÌÔÚ›Ô˘. 
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I.II ¶ÚˆÙÂ˝ÓÂ˜ Ô˘ ‰ÂÛÌÂ‡Ô˘Ó Zn

OÈ ÂÚÈÔ¯¤˜ (domains) ·˘Ù¤˜ ‰ÈÏÒÓÔ˘Ó ·ÓÂÍ¿ÚÙËÙ· ·fi ÙËÓ ̆ fiÏÔÈË ÚˆÙÂ˝ÓË

Î·È ··ÈÙÔ‡Ó ÔˆÛ‰‹ÔÙÂ „Â˘‰¿ÚÁ˘ÚÔ, Zn+2 (Lee et al., 1989) ÁÈ· Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó

ÌÂ ÙÔ DNA. OÓÔÌ¿˙ÔÓÙ·È Î·È ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ (zinc fingers) ÏfiÁˆ ÙÔ˘ ÙÚfiÔ˘ Ô˘

ı· ÌÔÚÔ‡ÛÂ Ó· Ù· ·Ú·ÛÙ‹ÛÂÈ Î¿ÔÈÔ˜ ÛÙÔ ̄ ·ÚÙ› (Freemont et al., 1991), ‰ËÏ·‰‹ ÌÂ ÙÔ

ÈfiÓ ÙÔ˘ Zn+2 ÛÙË Ì¤ÛË Ó· Û˘Ó‰¤ÂÈ ·ÌÈÓÔÍ¤· Ô˘ ‚Ú›ÛÎÔÓÙ·È Ì·ÎÚÈ¿ Î·È Ë fiÏË

·ÏÏËÏÔ˘¯›· Ó· ·ÚÈÛÙ¿ÓÂÙ·È Û·Ó ÌÈ· ıËÏÈ¿ (EÈÎ 3). °È· ÚÒÙË ÊÔÚ¿ ·Ó·Î·Ï‡ÊıËÎÂ

ÌÈ· Ù¤ÙÔÈ· ÚˆÙÂ›ÓË, ÙÔ 1985 ÛÂ ‚¿ÙÚ·¯Ô (Xenopus laevis), ¯·Ú·ÎÙËÚÈ˙fiÌÂÓË ˜̂

ÌÂÙ·ÁÚ·ÊÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ IIIA (TFIIA) (Rhodes and Klug et al., 1986). T· ÙÂÏÂ˘Ù·›·

¯ÚfiÓÈ· ¤¯ÂÈ Ï˘ıÂ› ÂÈÚ·Ì·ÙÈÎ¿ Ë ‰ÔÌ‹ ÌÂÚÈÎÒÓ Ù¤ÙÔÈˆÓ ÂÚÈÔ¯ÒÓ ÌÂ NMR ÛÂ ‰È¿Ï˘Ì·

(Lee et al., 1989), Î·È ÌÂ ÎÚ˘ÛÙ·ÏÏÔÁÚ·Ê›· ·ÎÙ›ÓˆÓ-X Â›ÛË˜ (Pavletich and Pabo,

1991). ŸÏÂ˜ ‰Â›¯ÓÔ˘Ó ·ÚfiÌÔÈ· ‰ÔÌÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ·ÔÙÂÏÔ‡ÌÂÓ· ·fi ÌÈ·

·ÓÙÈ·Ú¿ÏÏËÏË ‚-Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ· (‚-sheet), ÌÈ· ¤ÏÈÎ·, Î·È ÌÈ· ‚-ÛÙÚÔÊ‹ (‚-turn) Ó·

Ù· Û˘Ó‰¤ÂÈ (Freemont et al., 1991). EÂÈ‰‹ Ë ·ÚÔ‡Û· ÂÚÁ·Û›· ·ÊÔÚ¿ ÌÂÏ¤ÙË Ù¤ÙÔÈÔ˘

Â›‰Ô˘˜ ÌÔÚ›ˆÓ ı· ÂÚÈÁÚ¿„Ô˘ÌÂ ÂÎÙÂÓ¤ÛÙÂÚ· ·˘Ù‹ ÙËÓ ÔÈÎÔÁ¤ÓÂÈ·. 
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H ‰ÔÌ‹ Ô˘ ¤¯ÂÈ ÂÈÏ˘ıÂ› ÂÈÚ·Ì·ÙÈÎ¿ ÌÂ ÙËÓ ‚Ô‹ıÂÈ· ˘ÚËÓÈÎÔ‡ Ì·ÁÓËÙÈÎÔ‡

Û˘ÓÙÔÓÈÛÌÔ‡ (NMR) (Lee et al., 1989) Â›Ó·È Ë ·ÏÏËÏÔ˘¯›· ÂÓfi˜ Û˘ÓıÂÙÈÎÔ‡ ‰·ÎÙ‡ÏÔ˘

„Â˘‰·ÚÁ‡ÚÔ˘ Î·È ·ÓÙÈÛÙÔÈ¯Ô‡ÛÂ ÛÙÔÓ ÙÚÈ·ÎÔÛÙfi ÚÒÙÔ ‰¿ÎÙ˘ÏÔ ·fi ÙËÓ ÚˆÙÂ˝ÓË Xfin

ÛÂ ‚¿ÙÚ·¯Ô (Xenopus) (Altaba et al., 1987). ™˘ÁÎÂÎÚÈÌ¤Ó· ÂÈÏ‡ıËÎÂ Ë ·Ú·Î¿Ùˆ

·ÏÏËÏÔ˘¯›·:

YKCGL5CERSF10VEKSA15LSRHQ20RVHKN

·ÊÔ‡ ÎÚ›ıËÎÂ ÈÔ ·ÓÙÈÚÔÛˆÂ˘ÙÈÎ‹ ·fi ¤Ó· ·ÚÈıÌfi 148 ÂÚ›Ô˘ ÔÌÔÏfiÁˆÓ ÙË˜

(Gibson et al., 1988). ¶ÂÈÚ¿Ì·Ù· ¤‰ÂÈÍ·Ó fiÙÈ Ô ·Ú·¿Óˆ ‰¿ÎÙ˘ÏÔ˜ ‰ÂÓ ‰¤ÓÂÙ·È

ÂÈÏÂÎÙÈÎ¿ ÛÂ Î¿ÔÈ· ·ÏÏËÏÔ˘¯›· ÂÓÒ ·Ô˘Û›· ÙÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ‰ÂÓ ‰¤ÓÂÙ·È Î·ıfiÏÔ˘

ÛÂ DNA. MÂ ÙËÓ Â›Ï˘ÛË ÙË˜ ·Ú·¿Óˆ ‰ÔÌ‹˜ ÂÈ‚Â‚·ÈÒıËÎ·Ó ÔÈ ÚÔ‚Ï¤„ÂÈ˜ ÔÈ

ÚÔ‚Ï¤„ÂÈ˜ ÁÈ· ÙË ‰Â˘ÙÂÚÔÙ·Á‹ ·ÏÏËÏÔ˘¯›· ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ (Gibson et al.,

1988).

T· Û˘ÌÂÚ¿ÛÌ·Ù· Ô˘ ÚÔ¤Î˘„·Ó ‹Ù·Ó fiÙÈ Ô „Â˘‰¿ÚÁ˘ÚÔ˜ ‰¤ÓÂÙ·È ÛÂ

ÙÂÙÚ·Â‰ÚÈÎ‹ ‰È¿Ù·ÍË ·fi ‰‡Ô Î˘ÛÙÂ˝ÓÂ˜ Î·È ‰‡Ô ÈÛÙÈ‰›ÓÂ˜ Î·È Û˘ÁÎÂÎÚÈÌ¤Ó· ·fi ‰‡Ô

¿ÙÔÌ· ıÂ›Ô˘ Î·È ·˙ÒÙÔ˘ ·ÓÙ›ÛÙÔÈ¯·. H ‰ÔÌ‹ ·ÔÙÂÏÂ›Ù·È ·fi ÌÈ· ·ÓÙÈ·Ú¿ÏÏËÏË ‚-

Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ· (‚-strand), Ô˘ ÂÚÈ¤¯ÂÈ ÙÈ˜ ‰‡Ô Î˘ÛÙÂ˝ÓÂ˜ Ô˘ Û˘ÁÎÚ·ÙÔ‡Ó ÙÔÓ

„Â˘‰¿ÚÁ˘ÚÔ. E›ÛË˜ ·fi ÌÈ· ·-¤ÏÈÎ· Ô˘ ·Ú¯›˙ÂÈ ÙÚ›· ÂÚ›Ô˘ ·ÌÈÓÔÍ¤· ÌÂÙ¿ ÙËÓ ‚-

Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ·, Î·È ÂÚÈÏ·Ì‚¿ÓÂÈ Î·È ÙÈ˜ ‰‡Ô ÈÛÙÈ‰›ÓÂ˜ Ô˘ ‰¤ÓÔÓÙ·È ÌÂ ÙÔÓ

„Â˘‰¿ÚÁ˘ÚÔ. H ¤ÏÈÎ· ·˘Ù‹ ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÈ· 310 ‰È·ÌfiÚÊˆÛË ÂÚ›Ô˘ ÛÙÔ Ù¤ÏÔ˜ ÙË˜. OÈ

ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ Ô˘ ÙÔÔıÂÙÔ‡ÓÙ·È ÛÙÔ ÂÛˆÙÂÚÈÎfi ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ (.¯. F10, L16, Î·È
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A15) ‰ËÌÈÔ˘ÚÁÔ‡Ó ¤Ó· ˘‰ÚfiÊÔ‚Ô ÂÚÈ‚¿ÏÏÔÓ ÁÈ· ÙÔ ÈfiÓ ÙÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘.

¶ÂÚÈÁÚ¿ÊÔÓÙ·˜ ÙÔ ·Ú·¿Óˆ ÌÔÓÙ¤ÏÔ ı· ÌÔÚÔ‡ÛÂ Ó· ÂÈ Î·ÓÂ›˜ fiÙÈ ÌÔÈ¿˙ÂÈ ÌÂ

ÌÈ· ÌÈÎÚ‹ ÛÊ·ÈÚÈÎ‹ (miniglobular) ÚˆÙÂ˝ÓË ÌÂ Î·ıÔÚÈÛÌ¤ÓÔ ̆ ‰ÚfiÊÔ‚Ô ÂÛˆÙÂÚÈÎfi, Î·È

ÙÈ˜ ÔÏÈÎ¤˜ Î·È ÊÔÚÙÈÛÌ¤ÓÂ˜ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ (.¯. K13, R18, R21) Ó· ‰Â›¯ÓÔ˘Ó ÛÙÔ

ÂÍˆÙÂÚÈÎfi Ì¤ÚÔ˜ ÙÔ˘ ÌÔÚ›Ô˘. °È· Ù· ·Ú·¿Óˆ ·ÌÈÓÔÍ¤· ÙË˜ ¤ÏÈÎ·˜ ˘‹Ú¯·Ó ˘Ô„›Â˜

fiÙÈ Ì¿ÏÏÔÓ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ ÙÔ ÛÎÂÏÂÙfi ÙÔ˘ DNA. E›ÛË˜ ÔÈ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ E12,

S14, S17, E20 ÙË˜ ¤ÏÈÎ·˜ ÚÔÙ¿ıËÎ·Ó fiÙÈ ı· ÌÔÚÔ‡Û·Ó Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÌÂ ÙÈ˜

‚¿ÛÂÈ˜ ÙÔ˘ DNA.

™˘ÁÎÚ›ÓÔÓÙ·˜ ÙË Ï˘Ì¤ÓË ‰ÔÌ‹ ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ÌÂ Ù· ÌÔÓÙ¤Ï· Ô˘ ‹‰Ë

Â›¯·Ó ÚÔÙ·ıÂ› (Gibson et al., 1988 -  Berg et al., 1988) ı· Ï¤Á·ÌÂ fiÙÈ ÌÔÈ¿˙ÂÈ ·ÚÎÂÙ¿ ÌÂ

Ù· ÚÔ‚ÏÂfiÌÂÓ·. ™˘ÁÎÂÎÚÈÌ¤Ó· ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Berg (Berg et al., 1988) ÏËÛÈ¿˙ÂÈ ÈÔ

ÔÏ‡ ÙË ‰ÔÌ‹ Ô˘ Ï‡ıËÎÂ ÌÂ NMR, ‰È·Ê¤ÚÂÈ fiÌˆ˜ ÛÙÔ Ì‹ÎÔ˜ ÙË˜ ¤ÏÈÎ·˜ (Lee et al.,

1989). ™ÙÔ ÌÔÓÙ¤ÏÔ Ô˘ ÚÔÙ¿ıËÎÂ ·fi ÙÔÓ Gibson (Gibson et al., 1988) Ë ı¤ÛË ÙˆÓ ‚-

ÎÏÒÓˆÓ Â›Ó·È Ï›ÁÔ ÌÂÙ·ÙÔÈÛÌ¤ÓË Î·Ù¿ ‰‡Ô ·ÌÈÓÔÍ¤·, ·ÏÏ¿ Ë ı¤ÛË ÙË˜ ¤ÏÈÎ·˜

ÚÔ‚Ï¤ÂÙ·È ÛˆÛÙ¿. ™Â Î·Ó¤Ó· fiÌˆ˜ ·fi Ù· ÌÔÓÙ¤Ï· ‰ÂÓ Â›¯Â ÚÔ‚ÏÂÊıÂ› Ë ‡·ÚÍË ÙË˜

310 ‰È·ÌfiÚÊˆÛË˜ ÛÙÔ Ù¤ÏÔ˜ ÙË˜ ¤ÏÈÎ·˜. 

H ·ÏÏËÏÔ˘¯›· ·˘ÙÔ‡ ÙÔ˘ Ù‡Ô˘ ÙˆÓ ÌÔÚ›ˆÓ ÌÂÙ¿ ·fi ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË

(Jacobs 1992) ÌÔÚÂ› Ó· ¯·Ú·ÎÙËÚÈÛÙÂ› ÁÂÓÈÎ¿ ˆ˜:

C2-4XC11-12XH3-5XH

TÔ Û‡ÌÏÔÎÔ ÙÚÈÒÓ ‰aÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÙË˜ ÚˆÙÂ˝ÓË˜ Zif 268 ·fi ÔÓÙ›ÎÈ

ÌÂ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô DNA ¤¯ÂÈ Ï˘ıÂ› ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¿ ÛÂ ‰È·ÎÚÈÙÈÎ‹ ÈÎ·ÓfiÙËÙ· 2.1

Angstroem (Pavlevitc and Pabo, 1991). Ÿˆ˜ Ê·›ÓÂÙ·È ÛÙËÓ EÈÎ.4 Î¿ıÂ ‰¿ÎÙ˘ÏÔ˜

·ÁÎ·ÏÈ¿˙ÂÈ ÙË ÌÂÁ¿ÏË- ·‡Ï·Î· ÙÔ˘ DNA Î·È ¯ÚËÛÈÌÔÔÈÂ› ÙÔ ·ÌÈÓÔÙÂÏÈÎfi ¿ÎÚÔ Î¿ıÂ

¤ÏÈÎ·˜ ÁÈ· Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ ÂÈ‰ÈÎ¿ ÌÂ ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ‚¿ÛÂÈ˜. ¢ÂÓ ˘¿ÚxÔ˘Ó ‰ÂÛÌÔ›

ÌÂÙ·Í‡ ÙˆÓ ‰·ÎÙ‡ÏˆÓ Î·È Î¿ıÂ ¤Ó· ·fi ·˘Ù¿ Ê·›ÓÂÙ·È Ó· Â›Ó·È ·ÓÂÍ¿ÚÙËÙÔ ·fi Ù·

¿ÏÏ·, ·Ó·ÁÓˆÚ›˙ÔÓÙ·˜ ÌÈ· ·ÏÏËÏÔ˘¯›· 3 ‚¿ÛÂˆÓ ·ÓÙ›ÛÙÔÈ¯·. H ·Ó·ÁÓÒÚÈÛË ÙË˜

·ÏÏËÏÔ˘¯›·˜ ÂÈÙ˘Á¯¿ÓÂÙ·È Ì¤Ûˆ 11 ‰ÂÛÌÒÓ ˘‰ÚÔÁfiÓÔ˘ ÌÂÙ·Í‡ ÙˆÓ ÏÂ˘ÚÈÎÒÓ

·Ï˘Û›‰ˆÓ ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ ÙË˜ ¤ÏÈÎ·˜, Î·È ÙˆÓ ·ÓÙÈÛÙÔ›¯ˆÓ ‚¿ÛÂˆÓ ÙÔ˘ DNA (EÈÎ.5).

A˘ÙÔ› Â›Ó·È Î˘Ú›ˆ˜ ‰ÈÏÔ› ˘‰ÚÔÁÔÓÈÎÔ› ‰ÂÛÌÔ› ÌÂÙ·Í‡ ÙË˜ ·ÚÁÈÓ›ÓË˜ (Arg) Î·È ÙË˜

ÁÔ˘·Ó›ÓË˜ (G) Ô˘ Ú·ÁÌ·ÙÔÔÈÔ‡ÓÙ·È ÌfiÓÔ ÌÂ ÙËÓ ÌÈ· ·Ï˘Û›‰· ÙÔ˘ DNA (EÈÎ.5).
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H Ì·ÎÚÈ¿ ÏÂ˘ÚÈÎ‹ ·Ï˘Û›‰· ÙË˜ ·ÚÁÈÓ›ÓË˜ ÛÙ·ıÂÚÔÔÈÂ›Ù·È ·fi ¤Ó· ·Û·ÚÙÈÎfi

ÔÍ‡ (Asp) Ô˘ ‚Ú›ÛÎÂÙ·È ÛÙË ‰Â‡ÙÂÚË ı¤ÛË ÙË˜ ¤ÏÈÎ·˜, ÌÂ ‰‡Ô ¯·Ú·ÎÙËÚÈÛÙÈÎÔ‡˜ ‰ÂÛÌÔ‡˜

˘‰ÚÔÁfiÓÔ˘ (EÈÎ. 6). K¿ÙÈ Â›ÛË˜ ·ÍÈÔÛËÌÂ›ˆÙÔ Â›Ó·È fiÙÈ ÌÈ· ·fi ÙÈ˜ ÈÛÙÈ‰›ÓÂ˜, ÌÂ ÙËÓ

ÔÔ›· ‰¤ÓÂÙ·È Ô Zn+2, ·ÏÏËÏÂÈ‰Ú¿ ÌÂ ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA. ™˘ÁÎÂÎÚÈÌ¤Ó· ÌÂ ÙÔ ¿ÙÔÌÔ

ÙÔ˘ ·˙ÒÙÔ˘ N‰, ÂÓÒ ÙÔ ¿˙ˆÙÔ NÂ ‰¤ÓÂÙ·È ÌÂ ÙÔ ÈfiÓ ÙÔ˘ Zn+2. K·Ù·Ú¯‹Ó ·ÊÔ‡ Ô

„Â˘‰¿ÚÁ˘ÚÔ˜ Î·ÙÂ˘ı‡ÓÂÈ ÙËÓ ÏÂ˘ÚÈÎ‹ ·Ï˘Û›‰· ÙË˜ ÈÛÙÈ‰›ÓË˜ Î·È ·˘Ù‹ Û˘Ó‰¤ÂÙ·È Î·È ÌÂ

ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA, ·˘Ùfi Û˘ÓÂ¿ÁÂÙ·È ÙËÓ ¤ÌÌÂÛË ·Ó¿ÌÈÍË ÙÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ÛÙËÓ

·ÏÏËÏÂ›‰Ú·ÛË. ÕÏÏÔÈ Ù¤ÙÔÈÔÈ ‰ÂÛÌÔ› Ú·ÁÌ·ÙÔÔÈÔ‡ÓÙ·È ·fi ÌÈ· ·ÚÁÈÓ›ÓË, ÛÙËÓ ‚-

Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ· Î·È ·fi ÌÂÚÈÎ¿ ¿ÏÏ· ·ÌÈÓÔÍ¤·, Ì¤Û· ÛÂ ¤Ó·Ó ‰¿ÎÙ˘ÏÔ Ô˘ ‰ÚÔ‡Ó

·ÚfiÌÔÈ·. ™ÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ·Ú¿‰ÂÈÁÌ·, ÏÔÈfiÓ, Ë ·Ó·ÁÓÒÚÈÛË ÙË˜ Û˘ÁÎÂÎÚÈÌ¤ÓË˜
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·ÏÏËÏÔ˘¯›·˜ ÙÔ˘ DNA Û˘Ì‚·›ÓÂÈ Î˘Ú›ˆ˜ ·fi ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂÙ·Í‡ ·ÚÁÈÓ›ÓË˜ -

ÁÔ˘·Ó›ÓË˜.

EÎÙfi˜ ·fi ÙËÓ ·Ú·¿Óˆ ÔÈÎÔÁ¤ÓÂÈ· ˘¿ÚÔ˘Ó Î·È ÔÈ ÚˆÙÂ˝ÓÂ˜ ÙË˜ Ù¿ÍË˜ 2 (¶ÈÓ.

1), fiÔ˘ ÔÈ ̆ ÔÎ·Ù·ÛÙ¿ÙÂ˜ ÙÔ˘ Zn+2 Â›Ó·È Î·È ÔÈ Ù¤ÛÛÂÚÂÈ˜ ¿ÙÔÌ· ıÂ›Ô˘ ·fi 4 Î˘ÛÙÂ˝ÓÂ˜.

A˘Ù¤˜ ÔÈ ÚˆÙÂ˝ÓÂ˜ ·ÔÙÂÏÔ‡ÓÙ·È Î˘Ú›ˆ˜ ·fi ÙÚÂÈ˜ ÂÚÈÔ¯¤˜, ‰¤ÓÔÓÙ·È ÛÙÔ DNA ˜̂

‰ÈÌÂÚ‹ (EÈÎ. 7) Î·È Û˘Ó‹ıˆ˜ ÂÏ¤Á¯ÔÓÙ·È ·ÏÏÔÛÙÂÚÈÎ¿ ·fi ÛÙÂÚÔÂÈ‰Â›˜ ÔÚÌfiÓÂ˜ (EÈÎ. 8)

(Harrison, 1991). MÂ NMR ¤¯Ô˘Ó ÂÈÏ˘ıÂ› ÂÈÚ·Ì·ÙÈÎ¿ Ë ‰ÔÌ‹ ÙÔ˘ ˘Ô‰Ô¯¤· ÙÔ˘

ÔÈÛÙÚÔÁfiÓÔ˘ Î·È ÙÔ˘ ÁÏ˘ÎÔÎÔÚÙÈÎÔÂÈ‰Ô‡˜, ÙÔ ÔÔ›Ô ¤¯ÂÈ ÂÈÏ˘ıÂ› Â›ÛË˜ Î·È

ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¿ (Hard et al., 1990 - Schwabe et al., 1990). TÔ ‰ÔÌÈÎfi ÚfiÙ˘Ô

Û˘Óı¤ÙÔ˘Ó ‰‡Ô ¤ÏÈÎÂ˜ Ô˘ ·ÎÂÙ¿ÚÔÓÙ·È Û¯Â‰fiÓ Î¿ıÂÙ·  ÌÂÙ·Í‡ ÙÔ˘˜, Î·È ·Ó·ÁÓˆÚ›˙Ô˘Ó

Û˘ÌÌÂÙÚÈÎ¤˜ ·ÏÏËÏÔ˘¯›Â˜ DNA (Harisson 1991).
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™˘ÌÂÚ·ÛÌ·ÙÈÎ¿ ı· Ï¤Á·ÌÂ fiÙÈ ¤¯Ô˘Ó ÂÚÈÁÚ·ÊÂ› ·ÚÎÂÙ¿ ÌÔÙ›‚·

·ÏÏËÏÂ›‰Ú·ÛË˜ ÚˆÙÂ˚ÓÒÓ Î·È DNA. ÿÛˆ˜ ˘¿Ú¯Ô˘Ó ·ÚÎÂÙ¿ ·ÎfiÌ· Î·È Â›Ó·È

Ú¿ÁÌ·ÙÈ ·ÍÈÔı·‡Ì·ÛÙÔ ˆ˜ Ë Ê‡ÛË ¤¯ÂÈ Û¯Â‰È¿ÛÂÈ ¤Ó· ÙfiÛÔ ÔÏ‡ Â˘·›ÛıËÙÔ ÌË¯·ÓÈÛÌfi

ÁÔÓÈ‰È·Î‹˜ Ú‡ıÌÈÛË˜. ™ÙË Û˘Ó¤¯ÂÈ· ·˘Ù‹˜ ÙË˜ ÂÚÁ·Û›·˜ ı· ·ÚÔ˘ÛÈ¿ÛÔ˘ÌÂ Ù·

·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ÛÙ·ÙÈÛÙÈÎ‹˜ ÌÂÏ¤ÙË˜ ÛÙÈ˜ ÂÚÈÔ¯¤˜ Ô˘ ¯·Ú·ÎÙËÚ›˙ÔÓÙ·È ̂ ˜ ‰¿ÎÙ˘ÏÔÈ

„Â˘‰·ÚÁ‡ÚÔ˘, Î·È Â›ÛË˜ ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Û˘ÌÏfiÎÔ˘ ÙË˜ ÚˆÙÂ˝ÓË˜ CF2 ÌÂ ÙËÓ

·ÓÙ›ÛÙÔÈ¯Ë ·ÏÏËÏÔ˘¯›·-ÛÙfi¯Ô DNA.

I.III BÈÔÏÔÁÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· ÙË˜ ÚˆÙÂ˝ÓË˜ CF2

H ÚˆÙÂ˝ÓË CF2 (chorion transcription factor) ¤¯ÂÈ ¯·Ú·ÎÙËÚÈÛÙÂ› ˜̂

ÌÂÙ·ÁÚ·ÊÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ ÁÔÓÈ‰›ˆÓ ÛÙÔ ¯ÒÚÈÔÓ (chorion) ÙË˜ ‰ÚÔÛfiÊÈÏ·. H ÚˆÙÂ˝ÓË

ÂÓÙÔ›˙ÂÙ·È ÛÙÔÓ ˘Ú‹Ó· (nuclei) ÙˆÓ Î˘ÙÙ¿ÚˆÓ Ô˘ Û¯ËÌ·Ù›˙Ô˘Ó ÙÔ ̄ ÒÚÈÔÓ (Hsu et al.,

unpublished data). ¢ÂÓ ·ÓÈ¯ÓÂ‡ÂÙ·È ÛÙ· ÚÒÈÌ· ÂÌ‚Ú˘ÔÓÈÎ¿ ÛÙ¿‰È· (early embryonic

stage) ·ÏÏ¿ ÛÙ· ÌÂÙ¤ÂÈÙ· ÛÙ¿‰È· ÙË˜ ÂÌ‚Ú˘ˆÓÈÎ‹˜ ·Ó¿Ù˘ÍË˜ (later embryonic stage).

™˘ÁÎÂÎÚÈÌ¤Ó· ÂÓÙÔ›˙ÂÙ·È ÛÙÈ˜ ÂÚÈÔ¯¤˜ Ô˘ ·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÙÔ ÌÂÙ¤ÂÈÙ· ıÒÚ·Î·

(thorax) Î·È ÛÙ· ÁÂÓÓËÙÈÎ¿ fiÚÁ·Ó· (abdominal) (Hsu et al., unpublished data). H

ÚˆÙÂ˝ÓË CF2 ÏÂÈÙÔ˘ÚÁÂ› ̂ ˜ ‰È·ÎfiÙË˜ Ú˘ıÌ›˙ÔÓÙ·˜ ÙËÓ ¤ÎÊÚ·ÛË ÁÔÓÈ‰›ˆÓ ÛÙÔ ¯ÒÚÈÔÓ

Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ·Ó¿Ù˘ÍË˜ (development) ÙË˜ ‰ÚÔÛfiÊÈÏ·. 

¶ÚˆÙÂ˝ÓÂ˜ Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ Ú˘ıÌ›˙ÔÓÙ·È ÌÂ ‰È¿ÊÔÚÔ˘˜ ÙÚfiÔ˘˜ fiˆ˜ i)

ÌÂÙ·ÁÚ·ÊÈÎ¿ ii) ÌÂ ÌÂÙ·ÌÂÙ·ÁÚ·ÊÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜ (posttranscriptional factors), .¯.

ÂÓ·ÏÏ·ÎÙÈÎ‹ ˆÚ›Ì·ÓÛË (alternative splicing) iii) ‹ ÌÂ ·ÚÔ˘Û›· ÂÚÈÔÚÈÛÙÈÎÒÓ

·Ú·ÁfiÓÙˆÓ (inhibitors) Î.Ï.. (Hsu et al., 1992). ™ÙËÓ ÂÚ›ÙˆÛË ÙË˜ ÚˆÙÂ˝ÓË˜ CF2

Ô˘ ÂÚÈ¤¯ÂÈ ÂÚÈÔ¯¤˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ Û˘Ì‚·›ÓÂÈ Î¿ÙÈ ·Ó¿ÏÔÁÔ. (Hsu et al.,

1992).

KÔÓÙ¿ ÛÙÔ ·ÌÈÓÔÙÂÏÈÎfi ¿ÎÚÔ ÙË˜ ÚˆÙÂ˝ÓË˜ ‚Ú›ÛÎÔÓÙ·È ÔÈ 2 ÚÒÙÔÈ ‰¿ÎÙ˘ÏÔÈ

(ÂÚÈÔ¯¤˜ 1 Î·È 2) ÂÓÒ ÚÔ˜ ÙÔ Î·Ú‚ÔÍ˘ÙÂÏÈÎfi ¿ÎÚÔ ÙË˜ ‚Ú›ÛÎÔÓÙ·È ÔÈ 4 ÙÂÏÂ˘Ù·›ÔÈ

(ÂÚÈÔ¯¤˜ 3, 4, 5 Î·È 6). √ ÚfiÏÔ˜ ÙˆÓ ‰‡Ô ÚÒÙˆÓ ‰ÂÓ Â›Ó·È ÍÂÎ¿ı·ÚÔ˜ ·ÊÔ‡ ·ÚÔ˘Û›· ‹

·Ô˘Û›· ÙÔ˘˜ ‰ÂÓ ·Ú·ÙËÚÂ›Ù·È Î·Ì›· ‰È·ÊÔÚ¿ ÛÙËÓ ·ÏÏËÏÔ˘¯›· DNA Ô˘

·Ó·ÁÓˆÚ›˙ÂÙ·È Û˘ÓÔÏÈÎ¿ ·fi ÙËÓ ÚˆÙÂ˝ÓË (Gogos et al., 1992). ∂›ÛË˜ Ô ÙÚ›ÙÔ˜

‰¿ÎÙ˘ÏÔ˜ ‰ÂÓ ·ÚÔ˘ÛÈ¿˙ÂÈ Û˘ÁÁ¤ÓÂÈ· ÁÈ· Î·Ì›· Û˘ÁÎÂÎÚÈÌ¤ÓË ·ÏÏËÏÔ˘¯›· DNA (Gogos

et al., 1992). ªÔÚÂ› ·˘ÙÔ› ÔÈ ‰¿ÎÙ˘ÏÔÈ ·ÏÒ˜ Ó· ÛÙ·ıÂÚÔÔÈÔ‡Ó ÙËÓ ·ÏÏËÏÂ›‰Ú·ÛË

Ô˘ ÂÈÙ˘Á¯¿ÓÂÙ·È ·fi ÙÔ˘˜ ÂfiÌÂÓÔ˘˜ ÙÚÂÈ˜ (Hsu et al., 1992).

ªÂÙ·Í‡ ÙË˜ ÂÚÈÔ¯‹˜ ÙÔ˘ DNA Ô˘ Îˆ‰ÈÎÔÔÈÂ› ÁÈ· ÙÔÓ ‰¿ÎÙ˘ÏÔ 4 Î·È 5 ˘¿Ú¯ÂÈ,

Î·È, ÌÈ· ¿ÏÏË Îˆ‰ÈÎÔÔÈfi˜ ÂÚÈÔ¯‹ ÁÈ· ‰¿ÎÙ˘ÏÔ „Â˘‰·ÚÁ‡ÚÔ˘ Ë 5' Ë ÔÔ›· ‰ÂÓ

ÂÌÊ·Ó›˙ÂÙ·È ¿ÓÙ· ÛÙËÓ ÚˆÙÂ˝ÓË. ∞˘Ùfi ÔÊÂ›ÏÂÙ·È ÛÙËÓ ‡·ÚÍË ÈÓÙÚÔÓ›ˆÓ (introns)
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ÌÂÙ·Í‡ ÙˆÓ ÂÚÈÔ¯ÒÓ 4 Î·È 5' Î·È 5 Ô˘, ‰ÂÓ Îˆ‰ÈÎÔÔÈÔ‡Ó ÁÈ· ÚˆÙÂ›ÓË ·Ú·ÏÂ›ÔÓÙ·È

Î·Ù¿ ÙËÓ ‰ÈÂÚÁ·Û›· ÙË˜ ÌÂÙ·ÁÚ·Ê‹˜ ·fi DNA ÛÂ RNA. ∞Ó¿ÏÔÁ· ÙÒÚ· ÌÂ ÙÔ ÔÈÂ˜ ·fi

·˘Ù¤˜ ÙÈ˜ ÂÚÈÔ¯¤˜ ı· ·Ú·ÏËÊıÔ‡Ó1 Â›Ó·È ‰˘Ó·ÙfiÓ Ë ÚˆÙÂ˝ÓË Ó· ÂÚÈ¤¯ÂÈ ‹ fi¯È ÙÔÓ

‰¿ÎÙ˘ÏÔ 5' (Hsu eta al., 1992). Ô ‰¿ÎÙ˘ÏÔ˜ ·˘Ùfi˜ ¤¯ÂÈ ÛÙÈ˜ ÎÚ›ÛÈÌÂ˜ ı¤ÛÂÈ˜ (·˘Ù¤˜ ‰ËÏ·‰‹

Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA) ·ÎÚÈ‚Ò˜ Ù· ›‰È· ·ÌÈÓÔÍ¤· ÌÂ ÙÔ ‰¿ÎÙ˘ÏÔ 5

(Hsu eta al., 1992). ¶·ÚÔ˘Û›· Î·È ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 5' Ë ·ÏÏËÏÔ˘¯›· √¡∞ Ô˘ ÂÈÏ¤ÁÂÙ·È

·fi ÙËÓ ÚˆÙÂ˝ÓË CF2 ·ÏÏ¿˙ÂÈ. (Hsu eta al., 1992). ∏ ÚˆÙÂ˝ÓË ·ÓÈ¯ÓÂ‡ÂÙ·È Î·È ÛÙÈ˜

‰‡Ô ÌÔÚÊ¤˜ (ÌÂ ‹ ¯ˆÚ›˜ ÙÔÓ ‰¿ÎÙ˘ÏÔ 5') ÛÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ÔÛfiÙËÙÂ˜ ÛÙ· ÂÌ‚Ú˘˚Î¿ ÛÙ¿‰È·

·Ó¿Ù˘ÍË˜ ÙË˜ ‰ÚÔÛfiÊÈÏ·, ¤¯ÔÓÙ·˜ ÙËÓ ‰˘Ó·ÙfiÙËÙ· ÌÂ ·˘ÙfiÓ ÙÔÓ ÙÚfiÔ Ó· Ú˘ıÌ›˙ÂÈ ÙËÓ

¤ÎÊÚ·ÛË ‰È·ÊÔÚÂÙÈÎÒÓ ÁÔÓÈ‰›ˆÓ ÛÙÔ ¯ÒÚÈÔÓ (Hsu eta al., 1992).

∏ ·ÏÏËÏÔ˘¯›· D¡∞ Ô˘ ·Ó·ÁÓˆÚ›˙ÂÙ·È ·fi ÙËÓ ÚˆÙÂ˝ÓË Â›Ó·È Ë ·ÎfiÏÔ˘ıË:

5’-GTA∆∞∆∞∆∞-3’'

™˘ÁÎÂÎÚÈÌ¤Ó· ÔÈ ÙÚÈ¿‰Â˜ GT∞, T∞T ∞T∞ ·Ó·ÁÓˆÚ›˙ÔÓÙ·È ·ÓÙ›ÛÙÔÈ¯· ·fi ÙÔ˘˜

‰·ÎÙ‡ÏÔ˘˜ 6, 5 Î·È 4 ·ÓÙ›ÛÙÔÈ¯· Ô ‰¿ÎÙ˘ÏÔ˜ 5' ·Ó·ÁÓˆÚ›˙ÂÈ ÙËÓ ›‰È· ·ÏÏËÏÔ˘¯›· ÌÂ ÙÔÓ

5 Î·È ¤ÙÛÈ Ë ·ÏÏËÏÔ˘¯›· DNA Ô˘ ·Ó·ÁÓˆÚ›˙ÂÙ·È fiÙ·Ó ˘¿Ú¯ÂÈ Î·È ·˘Ùfi˜ Ô ‰¿ÎÙ˘ÏÔ˜

Â›Ó·È Ë 5'-GTATATTATATA-3' (Gogos et al., 1992).

I.IV §fiÁÔÈ Ú·ÁÌ·ÙÔÔ›ËÛË˜ ·˘Ù‹˜ ÙË˜ ÂÚÁ·Û›·˜

∏ ÎÚÈÛÈÌfiÙËÙ· Î·È ÙÔ ‚ÈÔÏÔÁÈÎfi ÂÓ‰È·Ê¤ÚÔÓ ÙˆÓ ÚˆÙÂ˚ÓÒÓ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó

ÌÂ ÙÔ DNA Â›Ó·È ÙÂÚ¿ÛÙÈÔ ·ÊÔ‡ Ú˘ıÌ›˙Ô˘Ó ‚·ÛÈÎ¤˜ ‰ÈÂÚÁ·Û›Â˜, fiˆ˜ Ë ·Ó¿Ù˘ÍË Ë

‰È·ÊÔÚÔÔ›ËÛË Î·È Ë ‰È·›ÚÂÛË ÙÔ˘ Î˘ÙÙ¿ÚÔ˘. ∏ Î·Ù·ÓfiËÛË ÏÔÈfiÓ ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡

‰Ú¿ÛË˜ ÙÔ˘˜ ÛÂ ÌÔÚÈ·Îfi Â›Â‰Ô ı· ‰ÒÛÂÈ ··ÓÙ‹ÛÂÈ˜ ÛÂ Î·›ÚÈ· ‚ÈÔÏÔÁÈÎ¿ ÂÚˆÙ‹Ì·Ù·.

ª¤¯ÚÈ ÙÒÚ· ¤¯ÂÈ Ï˘ıÂ› ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¿ Ë ‰ÔÌ‹ ÙÚÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÌÂ ÙÔ

·ÓÙ›ÛÙÔÈ¯Ô D¡∞ (ƒavletich and Pabo, 1991) Î·È ‰‡Ô ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÌÂ NMR

(Lee et al., 1989 - Klevit et al., 1990). ¶·Ú¿ÏÏËÏ· ¤¯Ô˘Ó Á›ÓÂÈ ÂÈÚ¿Ì·Ù· ÁÈ· ÙËÓ Â‡ÚÂÛË

ÙÔ˘ ÎÒ‰ÈÎ· ·Ó·ÁÓÒÚÈÛË˜ ÌÂÙ·Í‡ ÚˆÙÂ˝ÓË˜ Î·È ÙÔ˘ D¡∞ (Desjarlais and Berg, 1992 -

Nardelli et al., 1992 -  Jacobs1992). ¶ÚÔ˜ ÙÔ ·ÚfiÓ Â›Ó·È ÁÓˆÛÙÔ› ÌfiÓÔ Î¿ÔÈÔÈ Î·ÓfiÓÂ˜

Û˘ÁÁ¤ÓÂÈ·˜ ÌÂÚÈÎÒÓ ·ÌÈÓÔÍ¤ˆÓ ÌÂ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ‚¿ÛÂÈ˜ ÙÔ˘ D¡∞, fi¯È fiÌˆ˜ Î·È Ô

Ï‹ÚË˜ ÎÒ‰ÈÎ·˜ ·Ó·ÁÓÒÚÈÛË˜. ∂›ÛË˜ ¤¯Ô˘Ó Á›ÓÂÈ Î·È Î¿ÔÈÂ˜ ÛÙ·ÙÈÛÙÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ÛÂ
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1 ∫·Ù¿ ÙËÓ ‰ÈÂÚÁ·Û›· ÙË˜ ˆÚ›Ì·ÓÛË˜ (splicing) ÙÔ˘ DNA ·Ú·ÏÂ›ÔÓÙ·È ÔÈ ÂÚÈÔ¯¤˜
Ô˘ ‰ÂÓ Îˆ‰ÈÎÔÔÈÔ‡Ó ÁÈ· ÚˆÙÂ˝ÓË, ‰ËÏ·‰‹ Ù· ÈÓÙÚfiÓÈ·. ∂›Ó·È ‰˘Ó·ÙfiÓ fiÌˆ˜ Î·Ù¿ ÙËÓ
‰È¿ÚÎÂÈ· ÙË˜ ·Ú·¿Óˆ ‰ÈÂÚÁ·Û›·˜ Ó· ·Ú·ÏËÊıÔ‡Ó Î·È ÂÚÈÔ¯¤˜ ÙÔ˘ DNA Ô˘
Îˆ‰ÈÎÔÔÈÔ‡Ó ÁÈ· ÚˆÙÂ˝ÓË Î·È ‚Ú›ÛÎÔÓÙ·È ÌÂÙ·Í‡ ÙˆÓ ÈÓÙÚÔÓ›ˆÓ. ∫¿ÙÈ ·Ó¿ÏÔÁÔ
Û˘Ì‚·›ÓÂÈ Î·È ÛÙËÓ ÂÚ›ÙˆÛË Ô˘ ·Ô˘ÛÈ¿˙ÂÈ Ô ‰¿ÎÙ˘ÏÔ˜ 5' ·fi ÙËÓ ÚˆÙÂ˝ÓË.



·ÏÏËÏÔ˘¯›Â˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ (Jacobs1992 - Desjarlais and Berg, 1992 ).

√ Jacobs (Jacobs, 1992) ÌÂÏ¤ÙËÛÂ ·˘Ù¤˜ ÙÈ˜ ·ÏÏËÏÔ˘¯›Â˜ ÂÚÂ˘ÓÒÓÙ·˜ fiÛÔ

Û˘ÓÙËÚËÌ¤ÓÂ˜ ‹ ÌË Â›Ó·È fiÏÂ˜ ÔÈ ı¤ÛÂÈ˜ ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ÛÂ ÔÌ¿‰Â˜

ÚˆÙÂ˚ÓÒÓ Ô˘ ·¤¯Ô˘Ó ‹ fi¯È ÂÍÂÏÈÎÙÈÎ¿. ™˘ÌÂÚ·ÛÌ·ÙÈÎ¿ Î·Ù¤ÏËÍÂ fiÙÈ Ù·

·ÔÙÂÏ¤ÛÌ·Ù· ‰È·Ê¤ÚÔ˘Ó ÛÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ÔÈÎÔÁ¤ÓÂÈÂ˜ ÚˆÙÂ˚ÓÒÓ. ¶ÈÔ Û˘ÁÎÂÎÚÈÌ¤Ó· Ù·

ÌfiÓ· ·ÌÈÓÔÍ¤· Ô˘ Û˘ÓÙËÚÔ‡ÓÙ·È ÛÂ fiÏÂ˜ ÙÈ˜ ÚˆÙÂ˝ÓÂ˜ Â›Ó·È ÔÈ ‰‡Ô Î˘ÛÙÂ˚ÓÂ˜ Î·È ÔÈ

‰‡Ô ÈÛÙÈ‰›ÓÂ˜ Ô˘ ‰¤ÓÔÓÙ·È ÌÂ ÙÔÓ „Â˘‰¿ÚÁ˘ÚÔ. √È ÌË Û˘ÓÙËÚËÌ¤ÓÂ˜ ı¤ÛÂÈ˜ Ô˘

·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA (ƒavletich and Pabo, 1991) Û˘ÓÙËÚÔ‡ÓÙ·È

ÛÂ Û¯ÂÙÈÎ¿ ˘„ËÏ¿ ÔÛÔÛÙ¿ ÛÂ ÔÌfiÏÔÁÂ˜ ÚˆÙÂ˝ÓÂ˜. ∞˘Ùfi Û˘Ì‚·›ÓÂÈ ÁÈ·Ù› ›Ûˆ˜ ÔÈ

·ÏÏËÏÔ˘¯›Â˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ¤¯Ô˘Ó ÚÔ¤ÏıÂÈ ·fi ·ÓÙÈÁÚ·Ê‹ Î¿ÔÈˆÓ

ÁÔÓÈ‰›ˆÓ (gene duplication) Ì¤Û· ÛÙÔ˘˜ ‰È¿ÊÔÚÔ˘˜ ÔÚÁ·ÓÈÛÌÔ‡˜. ∞˘Ùfi ÂÍËÁÂ› ÙÔ ÁÂÁÔÓfi˜

ÁÈ·Ù› ·˘Ù¤˜ ÔÈ ı¤ÛÂÈ˜ Û˘ÓÙËÚÔ‡ÓÙ·È. Û¯ÂÙÈÎ¿ ÛÂ ÔÌfiÏÔÁÂ˜ ÚˆÙÂ˝ÓÂ˜ Î·È ÌÂÙ·‚¿ÏÏÔÓÙ·È

·ÚÎÂÙ¿ ÛÂ ÌË ÔÌfiÏÔÁÂ˜.

∆· ·ÌÈÓÔÍ¤· ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ (linker) Û˘ÓÙËÚÔ‡ÓÙ·È Â›ÛË˜ ÛÂ ˘„ËÏ¿ ÔÛÔÛÙ¿ ÛÙÈ˜

ÔÌfiÏÔÁÂ˜ ‹ ÌË ÚˆÙÂ˝ÓÂ˜. ∆¤ÏÔ˜ ÔÈ ı¤ÛÂÈ˜ Ô˘ ÙÔÔıÂÙÔ‡Ó ÙÈ˜ ÏÂ˘ÚÈÎ¤˜ ÙÔ˘˜ ·Ï˘Û›‰Â˜

ÚÔ˜ ÙÔ ÂÍˆÙÂÚÈÎfi ÙˆÓ ‰·ÎÙ‡ÏˆÓ ¤¯Ô˘Ó ›‰È· ÔÛÔÛÙ¿ (Û¯ÂÙÈÎ¿ ¯·ÌËÏ¿) ÛÂ fiÏÂ˜ ÙÈ˜

ÔÈÎÔÁ¤ÓÂÈÂ˜ ÚˆÙÂ˚ÓÒÓ.

™Â ·˘Ù‹ ÙËÓ ·Ó¿Ï˘ÛË ‰ÂÓ ÌÂÏÂÙ‹ıËÎÂ fiÌˆ˜ ÔÈ· Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤·, ‹

Û˘Ó‰˘·ÛÌÔ› ÙÔ˘˜ ··ÓÙÔ‡Ó ÛÙÈ˜ ÎÚ›ÛÈÌÂ˜ (·˘Ù¤˜ ‰ËÏ·‰‹ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ

DNA) ‹ ÌË ı¤ÛÂÈ˜ ÙË˜ ·ÏÏËÏÔ˘¯›·˜ ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘.

∂›ÛË˜ Ë ÔÌ¿‰· Desjarlais Î·È Berg (Desjarlais and Berg, 1992 ) ÂÍ¤Ù·ÛÂ ÌÈ·

¿ÏÏË ÏÂ˘Ú¿ ÙÔ˘ ı¤Ì·ÙÔ˜. ™˘ÁÎÂÎÚÈÌ¤Ó· ÌÂÏÂÙ‹ıËÎÂ ÛÙ·ÙÈÛÙÈÎ¿ ÌÈ· ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ

·fi ‰·ÎÙ‡ÏÔ˘˜ „Â˘‰·ÚÁ‡ÚÔ˘ Î·È ·Ó·Ê¤ÚÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÁÈ· ‰‡Ô ÌfiÓÔ ı¤ÛÂÈ˜

·fi ÙËÓ ·ÏÏËÏÔ˘¯›· ÙÔ˘˜. ¶Ú¤ÂÈ Ó· ÛËÌÂÈˆıÂ› fiÙÈ ·Ó·Ê¤ÚÔÓÙ·È ·ÏÒ˜ fiÛÂ˜ ÊÔÚ¤˜

·Ú·ÙËÚÔ‡ÓÙ·È Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤· ÛÙÈ˜ ‰‡Ô ·˘Ù¤˜ ı¤ÛÂÈ˜ ¯ˆÚ›˜ ÂÚ·ÈÙ¤Úˆ

ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË. ∂›ÛË˜ ¤ÁÈÓ·Ó Î·È Î¿ÔÈ· ÂÈÚ¿Ì·Ù· ÌÂ ÙËÓ ·ÏÏËÏÔ˘¯›· ÙÚÈÒÓ

‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÙË˜ ÚˆÙÂ˝ÓË˜ Sp1 ·fi ¿ÓıÚˆÔ ÛÂ ÚÔÛ¿ıÂÈ· ·ÓÂ‡ÚÂÛË˜ ÙÔ˘

ÎÒ‰ÈÎ· ·Ó·ÁÓÒÚÈÛË˜ ÙÔ˘ DNA.

∆· ·ÔÙÂÏ¤ÛÌ·Ù· ·Ó¤‰ÂÈÍ·Ó Î¿ÔÈÔ˘˜ ÌÂÚÈÎÔ‡˜ ÁÂÓÈÎÔ‡˜ Î·ÓfiÓÂ˜ Û˘ÁÁ¤ÓÂÈ·˜

Î¿ÔÈˆÓ ·ÌÈÓÔÍ¤ˆÓ ÌÂ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. ™Â Î·Ì›· ÂÚ›ÙˆÛË fiÌˆ˜ ‰ÂÓ ÌÔÚÂ› Ó·

ÚÔ‚ÏÂÊıÂ› ÌÂ ·ÎÚ›‚ÂÈ· Ë ·ÏÏËÏÔ˘¯›· ÙÔ˘ DNA Ô˘ ÌÔÚÂ› Ó· ·Ó·ÁÓˆÚÈÛÙÂ› ·fi ÌÈ·

Û˘ÁÎÂÎÚÈÌ¤ÓË ÚˆÙÂ˝ÓË ‹ Î·È ÙÔ ·ÓÙ›ıÂÙÔ.

¶ÚÔ˜ ÙÔ ·ÚfiÓ ˘¿Ú¯Ô˘Ó ÔÏÏ¿ ·ÎfiÌ· ÂÚˆÙËÌ·ÙÈÎ¿ ¿Óˆ ÛÙÔ ·ÓÙÈÎÂ›ÌÂÓÔ,

fiˆ˜ Ë ‡·ÚÍË Î¿ÔÈÔ˘ ÚÔÙ‡Ô˘ ÛÙÔ ÙÚfiÔ ·ÏÏËÏÂ›‰Ú·ÛË˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ

„Â˘‰·ÚÁ‡ÚÔ˘ ÌÂ ÙÔ DNA, ‹ Ë Û˘Û¯¤ÙÈÛË ÙË˜ ÚˆÙÂ˚ÓÈÎ‹˜ ·ÎÔÏÔ˘ı›·˜ Î·È ¿ÏÏˆÓ

‰Â‰ÔÌ¤ÓˆÓ, fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ· Ù· fiÛÔ Û˘ÓÙËÚËÌ¤ÓË Â›Ó·È Î¿ıÂ ı¤ÛË, ÌÂ ÙËÓ
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‚ÈÔÏÔÁÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘˜. º˘ÛÈÎ¿ ·Ú·Ì¤ÓÂÈ Î·È ÙÔ ÂÚÒÙËÌ· ÙÔ˘ ÎÒ‰ÈÎ· ·Ó·ÁÓÒÚÈÛË˜

ÌÂÙ·Í‡ ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ Î·È ÙÔ˘ DNA. ŸÏ· Ù· ·Ú·¿Óˆ ‚ÔËıÔ‡Ó ÛÙËÓ

Î·Ï‡ÙÂÚË Î·Ù·ÓfiËÛË ÔÏ‡ÏÔÎˆÓ ‚ÈÔÏÔÁÈÎÒÓ Ê·ÈÓÔÌ¤ÓˆÓ fiˆ˜ Ë ÁÔÓÈ‰È·Î‹ Ú‡ıÌÈÛË,

Î.Ï.. ∞fi ÂÎÂ› Î·È ¤Ú· ı· ÌÔÚÔ‡Û·Ó Ó· ÂÍ˘ËÚÂÙ‹ÛÔ˘Ó Î·È ¿ÏÏÔ˘˜ ÛÎÔÔ‡˜, fiˆ˜ Ë

·ÓÙÈÌÂÙÒÈÛË ÁÂÓÂÙÈÎÒÓ ·ÛıÂÓÂÈÒÓ ‹ ÁÂÓÈÎfiÙÂÚ· ¿ÏÏˆÓ ·ÓˆÌ·ÏÈÒÓ Ô˘ ÔÊÂ›ÏÔÓÙ·È

ÛÙËÓ ÂÏ·ÙÙˆÌ·ÙÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· Ù¤ÙÔÈˆÓ ÚˆÙÂ˚ÓÒÓ. 

21



KEºA§AIO II

¶EIPAMATIKA
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II. MoÓÙ¤ÏÔ ÙÔ˘ CF2 ÌÂ ÙÔ DNA Î·È ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ·ÏÏËÏÔ˘¯ÈÒÓ

‰·ÎÙ‡ÏˆÓ Zn

II.I °ÂÓÈÎ¿

™ÙËÓ ÂÈÛ·ÁˆÁ‹ ·Ó·Ê¤ÚıËÎÂ, ÌÂ ÏÂÙÔÌ¤ÚÂÈ·, ÙÔ ÌÔÓÙ¤ÏÔ ·ÏÏËÏÂ›‰Ú·ÛË˜ ÙË˜

ÚˆÙÂ˝ÓË˜ Zif268 (Pavletitc and Pabo, 1991) ÌÂ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô DNA, Ô˘ ·Ó‹ÎÂÈ ÛÙËÓ

Î·ÙËÁÔÚ›· CC/HH. °È· Î¿ıÂ ‰¿ÎÙ˘ÏÔ, ·ÌÈÓÔÍ¤· ·fi ÙËÓ ·-¤ÏÈÎ· ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿

ÌÂ ÙÔ DNA Î·È Ë ·ÏÏËÏÔ˘¯›· ÙË˜ ÚˆÙÂ˝ÓË˜ ÙÔÔıÂÙÂ›Ù·È ·ÓÙÈ·Ú¿ÏÏËÏ· ÌÂ ÙËÓ

·ÏÏËÏÔ˘¯›· ÙÔ˘ DNA. O ÏfiÁÔ˜ Ô˘ ̄ ÚËÛÈÌÔÔÈ‹Û·ÌÂ ÙÔ ·Ú·¿Óˆ ÌÔÓÙ¤ÏÔ Â›Ó·È ÁÈ·Ù›

·ÔÙÂÏÂ› ¯·Ú·ÎÙËÚÈÛÙÈÎfi ·Ú¿‰ÂÈÁÌ· Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ (Pavletitc and

Pabo, 1991). TÔ ÂÓ‰È·Ê¤ÚÔÓ Â›Ó·È ÌÂÁ¿ÏÔ ÁÈ· Ó· ‰Ô‡ÌÂ ·Ó Ú¿ÁÌ·ÙÈ ‰È·ÙËÚÔ‡ÓÙ·È Ù·

ÁÂÓÈÎ¿ Î·È Ù· ÂÈ‰ÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ·ÏÏËÏÂ›‰Ú·ÛË˜ ·ÊÔ‡ ÛÙËÓ ÚÔÎÂÈÌ¤ÓË

ÂÚ›ÙˆÛË ÙÔ DNA ÛÙfi¯Ô˜ ·ÔÙÂÏÂ›Ù·È Î˘Ú›ˆ˜ ·fi  ·ÏÏËÏÔ˘¯›· ‚¿ÛÂˆÓ A-T, Î·È fi¯È

·fi G-C fiˆ˜ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268/DNA. 

™ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ·ÏÏËÏÔ˘¯ÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÚÔÛ·ı‹Û·ÌÂ

Ó· ‰Ô‡ÌÂ ÔÈ¤˜ ı¤ÛÂÈ˜ Â›Ó·È Û˘ÓÙËÚËÌ¤ÓÂ˜ ‹ ÌË, ·Ó ˘¿Ú¯Ô˘Ó ÚÔÙÈÌ‹ÛÂÈ˜ ·ÌÈÓÔÍ¤ˆÓ ÛÂ

ÎÚ›ÛÈÌÂ˜ ı¤ÛÂÈ˜ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ DNA, Î.Ï.. °ÂÓÈÎ¿ ÚÔÛ·ı‹Û·ÌÂ Ó·

Î·Ù·Ï¿‚Ô˘ÌÂ ÔÈfi˜ Â›Ó·È Ô Û˘ÁÎÂÎÚÈÌ¤ÓÔ˜ ÚfiÏÔ˜ Î¿ıÂ ·ÌÈÓÔÍ¤Ô˜ ÛÙËÓ ·ÏÏËÏÔ˘¯›· ÂÓfi˜

‰·ÎÙ‡ÏÔ˘, Î·È ·Ó ·˘Ùfi ÈÛ¯‡ÂÈ ÁÈ· Î·ı¤Ó· ·fi ·˘Ù¿ ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ·Ú¿ÏÏËÏ· Î·È ˆ˜

Ô‰ËÁfi ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 

II.II Y§IKA KAI ME£O¢OI

II.II.1 MÔÓÙ¤ÏÔ CF2 ÌÂ ÙÔ DNA

H ‰ËÌÈÔ˘ÚÁ›· ÌÔÓÙ¤ÏÔ˘ ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ ‰ÔÌ‹˜ ÌÈ·˜ ÚˆÙÂ˝ÓË˜ ‚·Û›˙ÂÙ·È ÛÂ

Ì›· ‹ ÂÚÈÛÛfiÙÂÚÂ˜ Ï˘Ì¤ÓÂ˜ ‰ÔÌ¤˜ ÔÌÔÏfiÁˆÓ ÚˆÙÂ˚ÓÒÓ. X·Ú·ÎÙËÚ›˙Ô˘ÌÂ ¤ÙÛÈ

ÚˆÙÂ˝ÓÂ˜ Ô˘ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÌÔÏÔÁ›· ÙfiÛÔ ÛÙËÓ ·ÏÏËÏÔ˘¯›· ÙÔ˘˜, fiÛÔ Î·È ÛÙËÓ

‚ÈÔÏÔÁÈÎ‹ ÙÔ˘˜ ÏÂÈÙÔ˘ÚÁ›·. H ÙÂÙ·ÚÙÔÙ·Á‹˜ ‰ÔÌ‹ ÛÂ ÌÈ· ÔÈÎÔÁ¤ÓÂÈ· ÔÌÔÏfiÁˆÓ

ÚˆÙÂ˚ÓÒÓ Â›Ó·È ÁÂÓÈÎ¿ Ë ›‰È· (Overington et al., 1990).Y¿Ú¯Ô˘Ó fiÌˆ˜ ÂÚÈÔ¯¤˜ Ô˘ Ë

‰ÔÌ‹ ÙÔ˘˜ ÌÂÙ·‚¿ÏÏÂÙ·È (structurally variable regions) Î·È ÌÂÚÈÎ¤˜ Ô˘ Ë ‰ÔÌ‹ ÙÔ˘˜

Û˘ÓÙËÚÂ›·È (structurally conserved regions) ÛÙ· ‰È·ÊÔÚÂÙÈÎ¿ Ì¤ÏË ÙË˜ ÔÈÎÔÁ¤ÓÂÈ·˜

(Overington et al., 1990). ŸÙ·Ó Ë ÔÌÔÏÔÁ›· ÌÂ ÙË Ï˘Ì¤ÓË ‰ÔÌ‹ ÙË˜ ÚˆÙÂ˝ÓË˜ ‰ÂÓ Â›Ó·È

·ÚÎÂÙ¿ ÌÂÁ¿ÏË ··ÈÙÂ›Ù·È ÂÈÏ¤ÔÓ ÚÔÛÔ¯‹ ÒÛÙÂ Ù· ·ÔÙÂÏ¤ÛÌ·Ù· Ó· ÌËÓ ·¤¯Ô˘Ó
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ÔÏ‡ ·fi ÙËÓ Ú·ÁÌ·ÙÈÎfiÙËÙ· (Novotny et al., 1984).

TÔ ÙÚÈÛ‰È¿ÛÙ·ÙÔ ÌÔÓÙ¤ÏÔ ÙˆÓ ‰·ÎÙ‡ÏˆÓ 4, 5 Î·È 6 ÙÔ˘ CF2 ‚·Û›ÛÙËÎÂ ¿Óˆ ÛÙÈ˜

Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ÙÔ˘ Zif268 ÌÂ ÙÔ DNA, Ô˘ Ì·˜ ·Ú·¯ˆÚ‹ıËÎ·Ó Â˘ÁÂÓÈÎ¿ ·fi ÙÔÓ Î.Î.

C.Pabo, Î·È Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ ÌÂ ÙËÓ ‚Ô‹ıÂÈ· ÙˆÓ ˘ÔÏÔÁÈÛÙÒÓ ÌÔÚÈ·ÎÒÓ

ÁÚ·ÊËÌ¿ÙˆÓ E&S PS390 Î·È ESV10. T· ÚÔÁÚ¿ÌÌ·Ù· Ô˘ ¯ÚËÛÈÌÔÔÈ‹Û·ÌÂ ‹Ù·Ó ÙÔ

FRODO (Jones, 1988), ÙÔ O (Jones, 1991), Î·È ÙÔ SYBYL (TRIPOS ASSOCIATES, Inc.)2

ÁÈ· ÙËÓ ÂÚ·ÈÙ¤Úˆ ·Ó¿Ï˘ÛË ÙË˜ ‰ÔÌ‹˜ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘. H ÌÔÓÙÂÏÔÔ›ËÛË ÁÈ· Î¿ıÂ ¤Ó·Ó

·fi ÙÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜ (finger) 4,5, Î·È 6, ÙÔ˘ CF2 ¤ÁÈÓÂ ‚¿ÛÂÈ ÙˆÓ ‰·ÎÙ‡ÏˆÓ 1,2,3 ÙÔ˘

Zif268 ·ÓÙ›ÛÙÔÈ¯·. OÈ ‰È·Ù¿ÍÂÈ˜ ÙˆÓ Û˘Ó‰¤ÛÌˆÓ (linkers) ÌÂÙ·Í‡ ÙˆÓ ‰·ÎÙ‡ÏˆÓ

‰È·ÙËÚ‹ıËÎ·Ó ÛÙ·ıÂÚ¤˜, fiˆ˜ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268. H ·Ó·ÁÓÒÚËÛË Û˘ÁÎÂÎÚÈÌ¤ÓˆÓ

ı¤ÛÂˆÓ ¿Óˆ ÛÙËÓ ·ÏÏËÏÔ˘¯›· ÙÔ˘ CF2 ¤ÁÈÓÂ ‚¿ÛÂÈ ÙˆÓ ‹‰Ë ÁÓˆÛÙÒÓ ÁÈ· ·˘Ù‹Ó ÙËÓ

ÔÈÎÔÁ¤ÓÂÈ· ÚˆÙÂ˚ÓÒÓ (Desjarlais and Berg, 1992, Jacobs, 1992).

H ÌÔÓÙÂÏÔÔ›ËÛË ¤ÁÈÓÂ ÎÚ·ÙÒÓÙ·˜ ÛÙ·ıÂÚfi ÙÔÓ ÛÎÂÏÂÙfi ÙˆÓ ÚˆÙÂ˚ÓÒÓ Î·È

·ÓÙÈÎ·ıÈÛÙÒÓÙ·˜ Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤· ÛÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ı¤ÛÂÈ˜. MÈ· ÂÈÏ¤ÔÓ ·ÏÏ·Á‹

¯ÚÂÈ¿ÛÙËÎÂ ÛÙËÓ ÂÚ›ÙˆÛË ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 4 ÁÈ·Ù› Ô ·ÓÙ›ÛÙÔÈ¯Ô˜ ‰¿ÎÙ˘ÏÔ˜ ÙÔ˘ Zif268

ÂÚÈÂ›¯Â ‰‡Ô ·Ú·¿Óˆ ·ÌÈÓÔÍ¤·, ÌÂÙ·Í‡ ÙÔ˘ ‚ÚfiÁ¯Ô˘ (loop) ÙˆÓ ‰‡Ô Î˘ÛÙÂ˚ÓÒÓ Ô˘

Û˘Ó‰¤ÓÔÓÙ·È ÌÂ ÙÔ ÈfiÓ ÙÔ˘ Zn+2. °È· ·˘Ù‹ ÙËÓ ÂÚÈÔ¯‹ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ Ë ·ÓÙ›ÛÙÔÈ¯Ë

‰È·ÌfiÚÊˆÛË ÙˆÓ ‰·ÎÙ‡ÏˆÓ 2, ‹ 3, Ô˘ ¤¯Ô˘Ó ÙÔÓ ›‰ÈÔ ·ÚÈıÌfi ·ÌÈÓÔÍ¤ˆÓ ÌÂ ÙÔ ‰¿ÎÙ˘ÏÔ

4 Î·È ÌÔÈ¿˙Ô˘Ó ÔÏ‡ ÌÂÙ·Í‡ ÙÔ˘˜ (Ë Ì¤ÛË ‰È·ÊÔÚ¿ ÙˆÓ Û˘ÓÙÂÙ·ÁÌ¤ÓˆÓ ÙˆÓ ·ÙfiÌˆÓ

ÙÔ˘˜, rms deviation ‹Ù·Ó 0.134 A). §fiÁˆ ÙÔ˘ ÁÂˆÌÂÙÚÈÎÔ‡ ÂÚÈÔÚÈÛÌÔ‡ ÙÔ˘ ÔÏ‡ ÌÈÎÚÔ‡

Ì‹ÎÔ˘˜ ÙÔ˘˜ ÔÈ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ÛÙÚÔÊ¤˜ ı· ÌÔÚÔ‡Û·Ó ›Ûˆ˜ Ó· ·ÔÙÂÏ¤ÛÔ˘Ó

·ÓÙÈÚÔÛˆÂ˘ÙÈÎfi ·Ú¿‰ÂÈÁÌ· ÁÈ· ÙËÓ Û‡Ó‰ÂÛË ÙË˜ ‚ Ù˘¯ˆÙ‹˜ ÂÈÊ¿ÓÂÈ·˜ (‚-sheet),

ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘. E›ÛË˜ ÛÙÔ ‰¿ÎÙ˘ÏÔ 6 ˘¿Ú¯ÂÈ ¤Ó· ÂÈÏ¤ÔÓ ·ÌÈÓÔÍ‡ ÛÙËÓ

¤ÏÈÎ· ÌÂÙ·Í‡ ÙˆÓ ‰‡Ô ÈÛÙÈ‰ÈÓÒÓ Ô˘ Û˘Ó‰¤ÔÓÙ·È ÌÂ ÙÔÓ Zn+2, ÛÂ Û¯¤ÛË ÌÂ ÙÔ ‰¿ÎÙ˘ÏÔ 3

ÙÔ˘ Zif268. °È· Ó· ·ÓÙÈÌÂÙˆÈÛÙÂ› ·˘Ù‹ Ë ‰È·ÊÔÚ¿ Î·È ÁÈ· Ó· ‰È·ÙËÚËıÂ› Ë ÛˆÛÙ‹

ÁÂˆÌÂÙÚ›· ÙÔ˘ Zn+2, ‰ÒÛ·ÌÂ ¤Ó· ¯·Ú·ÎÙ‹Ú· ÂÚÈÛÛfiÙÂÚÔ ·-ÂÏÈÎÔÂÈ‰‹ ÛÙËÓ 310

‰È·ÌfiÚÊˆÛË Ô˘ ‹‰Ë ˘‹Ú¯Â. H Ì¤ÛË ‰È·ÊÔÚ¿ ÙˆÓ Û˘ÓÙÂÙ·ÁÌ¤ÓˆÓ fiÏˆÓ ÙˆÓ ·ÙfiÌˆÓ

·˘Ù‹˜ ÙË˜ ÂÚÈÔ¯‹˜, ÚÈÓ Î·È ÌÂÙ¿ ÙËÓ ·ÏÏ·Á‹ ‹Ù·Ó 0.234 A. XÚËÛÈÌÔÔÈÒÓÙ·˜ ÙËÓ

ÚÔ˘Ù›Ó· ÙÔ˘ FRODO ÁÈ· ÁÂˆÌÂÙÚÈÎ¤˜ Î·ÓÔÓÈÎÔÔÈ‹ÛÂÈ˜ ‰È·ÙËÚ‹Û·ÌÂ ÙËÓ ÁÂˆÌÂÙÚ›· ÛÂ

·Ô‰ÂÎÙ¿ Â›Â‰·3 , Î·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· fiÏˆÓ ·˘ÙÒÓ ÙˆÓ ·ÏÏ·ÁÒÓ.

MÂ ÙËÓ ‚Ô‹ıÂÈ· ÙÔ˘ ÚÔÁÚ¿ÌÌ·ÙÔ˜ SYBYL Î·Ù·ÛÎÂ˘¿Û·ÌÂ ıÂˆÚËÙÈÎ¿ ÙËÓ

·ÏÏËÏÔ˘¯›· ÙÔ˘ DNA ÛÙfi¯Ô˘ ÛÂ B ‰È·ÌfiÚÊˆÛË. AÊÔ‡ ‚Ú‹Î·ÌÂ ÙÔ ÛˆÛÙfi

ÚÔÛ·Ó·ÙÔÏÈÛÌfi ÙÔ˘ ÛÂ Û¯¤ÛË ÌÂ ÙËÓ ÚˆÙÂ˝ÓË, ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ÙËÓ ÚÔ˘Ù›Ó· ÙˆÓ

ÂÏ·¯›ÛÙˆÓ ÙÂÙÚ·ÁÒÓˆÓ (lsq procedure) ÙÔ˘ ÚÔÁÚ¿ÌÌ·ÙÔ˜ O (Jones, 1991)
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ÚÔ¯ˆÚ‹Û·ÌÂ ÛÙËÓ Î·Ù·ÛÎÂ˘‹ ÌÔÓÙ¤ÏÔ˘ ÙÔ˘ CF2 ÌÂ ÙÔ DNA. ™˘ÁÎÂÎÚÈÌ¤Ó· ·˘Ùfi ¤ÁÈÓÂ

ÛÙÔÈ¯›˙ÔÓÙ·˜ Ù· ·ÓÙ›ÛÙÔÈ¯· ¿ÙÔÌ· (fiÛÔ ÙÔ ‰˘Ó·ÙfiÓ Î·Ï‡ÙÂÚ·) ÙˆÓ ‰‡Ô

ÔÏÈÁÔÓÔ˘ÎÏÂÔÙÈ‰›ˆÓ. AÓ¿ÏÔÁË ‰È·‰ÈÎ·Û›· ·ÎÔÏÔ˘ı‹Û·ÌÂ Â›ÛË˜ Î·È ÁÈ· Ó·

Û˘ÁÎÚ›ÓÔ˘ÌÂ ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ DNA, Ô˘ ‰ËÌÈÔ˘ÚÁ‹Û·ÌÂ ÌÂ ÙÔ SYBYL ÌÂ Ì›·

ÂÈÚ·Ì·ÙÈÎ¿ ÚÔÛ‰ÈÔÚÈÛÌ¤ÓË ‰ÔÌ‹ B-DNA ÌÂ ·ÏÏËÏÔ˘¯›· CGACATATATTGCG

(Yoon et al., 1988). T· ‰‡Ô ÌfiÚÈ· ¤¯Ô˘Ó ÎÔÈÓfi ÙÔ ÂÍ·ÌÂÚ¤˜ (ATATAT) Î·È Ë Û‡ÁÎÚÈÛË

¤ÁÈÓÂ ÁÈ· Ó· ÂÏ¤ÁÍÔ˘ÌÂ ÙËÓ ÔÈfiÙËÙ· ıÂˆÚËÙÈÎÔ‡ DNA. MÂÙ¿ ·fi ÙÈ˜ ··Ú·›ÙËÙÂ˜

‰ÈÔÚıÒÛÂÈ˜ Ú·ÁÌ·ÙÔÔÈ‹Û·ÌÂ ÂÏ·¯ÈÛÙÔÔ›ËÛË ÙË˜ ÂÓ¤ÚÁÂÈ·˜ (energy minimazation

procedure) ÙÔ˘ Û˘ÌÏfiÎÔ˘ ̄ ÚËÛÈÌÔÔÈÒÓÙ·˜ ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë ÚÔ˘Ù›Ó· ÙÔ˘ ÚÔÁÚ¿ÌÌ·ÙÔ˜

SYBYL. A˜ ÛËÌÂÈˆıÂ› Â‰Ò fiÙÈ ÙÔ ÊÔÚÙ›Ô Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ Î·È ÁÈ· ÙÔ˘˜ ÙÚÂ›˜ Zn

‹Ù·Ó +2, fiˆ˜ Î·È ÛÙËÓ Ú·ÁÌ·ÙÈÎfiÙËÙ·. MÂÙ¿ ·fi ÔÏÏÔ‡˜ Î‡ÎÏÔ˘˜ ÙÔ ÌÔÓÙ¤ÏÔ

ÛÙ·ıÂÚÔÔÈ‹ıËÎÂ ÛÂ ¤Ó· ÂÏ¿¯ÈÛÙÔ.

∏ ‚ÂÏÙ›ˆÛË ÙË˜ ÙÂÙ·ÚÙÔÙ·ÁÔ‡˜ ‰ÔÌ‹˜ ÌÈ·˜ ÚˆÙÂ˝ÓË˜ Â›Ó·È ‰˘Ó·ÙfiÓ Ó·

Ú·ÁÌ·ÙÔÔÈËıÂ› ·fi ‰ÈÂÚÁ·Û›Â˜ "ÂÏ·¯ÈÛÙÔÔ›ËÛË˜ ÙË˜ ÂÓ¤ÚÁÂÈ·˜". √È ‰˘Ó¿ÌÂÈ˜ ÌÂÙ·Í‡

ÙˆÓ ·ÙfiÌˆÓ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÂÚÈÁÚ·ÊÔ‡Ó ·fi ËÌÈÂÌÂÈÚÈÎ¤˜ Û˘Ó·ÚÙ‹ÛÂÈ˜ Î·Ù¿ÏÏËÏ·

ÚÔÛ·ÚÌÔÛÌ¤ÓÂ˜ ÁÈ· ÙËÓ ÂÚ›ÙˆÛË ÙˆÓ Ì·ÎÚÔÌÔÚ›ˆÓ. ∂›Ó·È ÏÔÈfiÓ ‰˘Ó·ÙfiÓ Ó·

ÚÔÛÂÁÁ›ÛÔ˘ÌÂ ÙË Ú·ÁÌ·ÙÈÎ‹ ‰ÔÌ‹ ÌÈ·˜ ÚˆÙÂ˝ÓË˜ ÌÂÙ·ÎÈÓÒÓÙ·˜ Ù· ¿ÙÔÌ· Ô˘ ÙËÓ

·ÔÙÂÏÔ‡Ó ÌÂ Ù¤ÙÔÈÔ ÙÚfiÔ, ÒÛÙÂ Ë ÙÈÌ‹ ÙË˜ Û˘Ó¿ÚÙËÛË˜ ÙË˜ ‰˘Ó·ÌÈÎ‹˜ ÙË˜ ÂÓ¤ÚÁÂÈ·˜ Ó·

ÂÏ·¯ÈÛÙÔÔÈÂ›Ù·È (Lifson, 1973, 1980). ∏ ÂÓ¤ÚÁÂÈ· ∂ ÌÔÚÂ› Ó· ÂÎÊÚ·ÛÙÂ› ̂ ˜ ¿ıÚÔÈÛÌ·

·fi ‰È¿ÊÔÚÔ˘˜ fiÚÔ˘˜ ˆ˜ ÂÍ‹˜:

√È ÌÂÙ·‚ÏËÙ¤˜ ÂπÓ·È Ù· Ì‹ÎË ‰ÂÛÌÒÓ b, ÔÈ ÁˆÓπÂ˜ ‰ÂÛÌÒÓ ı, ÔÈ ‰›Â‰ÚÂ˜ ÁˆÓ›Â˜ Ê,

Î·È ÔÈ ·ÔÛÙ¿ÛÂÈ˜ ÌÂÙ·Í‡ ÙˆÓ ·ÙfiÌˆÓ r. ŸÏ· Ù· ·Ú·¿Óˆ ÂÍ·ÚÙÒÓÙ·È ·fi ÙÈ˜

·ÙÔÌÈÎ¤˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ¯,y,z, Ô˘ ÔÚ›˙ÔÓÙ·È ÁÈ· ÌÈ· Û˘ÁÎÂÎÚÈÌ¤ÓË ‰È¿Ù·ÍË ÙË˜

ÚˆÙÂ˝ÓË˜ Û’ ¤Ó· Û‡ÛÙËÌ· Î·ÚÙÂÛÈ·ÓÒÓ Û˘ÓÙÂÙ·ÁÌ¤ÓˆÓ. √È ‰È·ÊÔÚ¤˜ ·Ú¿ÌÂÙÚÔÈ kb,

bo, kı, ıÔ, kÊ, Ë, ‰, Â, r, q  Î·ıÔÚ›˙Ô˘Ó ÔÛÔÙÈÎ¿ ÙËÓ Û˘Ó¿ÚÙËÛË ÙË˜ ÂÓ¤ÚÁÂÈ·˜. √È ÙÈÌ¤˜

ÙÔ˘˜ Î·ıÔÚ›˙ÔÓÙ·È fiÙ·Ó ¯ÚËÛÈÌÔÔÈ‹ÛÔ˘ÌÂ ÙËÓ ·Ú·¿Óˆ Û˘Ó¿ÚÙËÛË ÁÈ· ˘ÔÏÔÁÈÛÌfi

ÛÙ·ıÂÚÒÓ Î˘„ÂÏπ‰·˜ (unit cells) ÛÂ ÎÚ˘ÛÙ¿ÏÏÔ˘˜, ÙÈÌ¤˜ ÈÛÔÚÚÔ›·˜ ÁÈ· Ì‹ÎË ‰ÂÛÌÒÓ ‹

ÁˆÓÈÒÓ, Î.Ï.. ™ÙËÓ Û˘Ó¤¯ÂÈ· ÚÔÛ·ÚÌfi˙Ô˘ÌÂ ·˘Ù¤˜ ÙÈ˜ ·Ú·Ì¤ÙÚÔ˘˜ ÁÈ· Ó·
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ÚÔÛÂÁÁ›ÛÔ˘ÌÂ ·Ó¿ÏÔÁ· Ù· ÂÈÚ·Ì·ÙÈÎ¿ ‰Â‰ÔÌ¤Ó· (Levitt and Lifson, 1969).

∏ ·Ú·¿Óˆ Ì¤ıÔ‰Ô˜ ÂÏ·¯ÈÛÙÔÔ›ËÛË˜ ÙË˜ ÂÓ¤ÚÁÂÈ·˜ ·ÚÔ˘ÛÈ¿˙ÂÈ Î¿ÔÈ·

ÌÂÈÔÓÂÎÙ‹Ì·Ù· fiˆ˜: i) Ë ÚˆÙÂ˝ÓË fiÙ·Ó ¤¯ÂÈ ÙËÓ Ú·ÁÌ·ÙÈÎ‹ ÙË˜ ‰ÔÌ‹ (native form)

ÌÔÚÂ› Ó· ÌËÓ ¤¯ÂÈ ÙËÓ ‰È¿Ù·ÍË Ô˘ ·ÓÙÈÛÙÔÈ¯Â› ÛÙËÓ ÂÏ¿¯ÈÛÙË ÙÈÌ‹ ÙË˜ ‰˘Ó·ÌÈÎ‹˜ ÙË˜

ÂÓ¤ÚÁÂÈ·˜ ii) ÔÈ ‰È·ÊÔÚ¤˜ ÛÙËÓ ÙÈÌ‹ ÙË˜ ÂÓ¤ÚÁÂÈ·˜ Ô˘ ·ÓÈ¯ÓÂ‡ÔÓÙ·È Î·Ù¿ ÙËÓ ‰ÈÂÚÁ·Û›·

ÙË˜ ÂÏ·¯ÈÛÙÔÔ›ËÛË˜ Â›Ó·È ÔÏ‡ ÌÈÎÚ¤˜ ÛÂ Û¯¤ÛË ÌÂ ÙË Ù¿ÍË ÌÂÁ¤ıÔ˘˜ ·˘Ù‹˜, Î¿ÙÈ Ô˘

‰˘ÛÎÔÏÂ‡ÂÈ ÂÍ·ÈÚÂÙÈÎ¿ ·˘Ù‹Ó ÙËÓ ‰ÈÂÚÁ·Û›· iii) ∏ ÌÔÚÊ‹ ÙË˜ ·Ú·¿Óˆ Û˘Ó¿ÚÙËÛË˜

·ÚÈÛÙ¿ÓÂÙ·È ·fi ÌÈ· ˘ÂÚÂÈÊ¿ÓÂÈ· ÌÂ ÌÂÁ¿ÏÔ ·ÚÈıÌfi ÙÔÈÎÒÓ ÂÏ·¯›ÛÙˆÓ, Ô˘

ÔÊÂ›ÏÂÙ·È ÛÙËÓ ÌÔÚÊ‹ ÙË˜. ∆Ô ÁÂÁÔÓfi˜ ·˘Ùfi ‰˘ÛÎÔÏÂ‡ÂÈ, ÂÍ·ÈÚÂÙÈÎ¿ ÙËÓ Â‡ÚÂÛË ÙÔ˘

ÔÏÈÎÔ‡ ÂÏ·¯›ÛÙÔ˘ (global minimum)4 .

II.II.2 ™˘ÏÏÔÁ‹ Î·È ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ÙˆÓ ·ÏÏËÏÔ˘¯ÈÒÓ ‰·ÎÙ‡ÏˆÓ

„Â˘‰·ÚÁ‡ÚÔ˘

™Ù·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË Û·Ó ·˘Ù‹ Ô˘ Ú·ÁÌ·ÙÔÔÈ‹Û·ÌÂ, ··ÈÙÂ› fiÛÔ ÙÔ ‰˘Ó·ÙfiÓ

ÌÂÁ·Ï‡ÙÂÚË Û˘ÏÏÔÁ‹ ·ÏÏËÏÔ˘¯ÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘. °È· ·˘Ùfi ÙÔÓ ÛÎÔfi

·Ó·Ù‡Í·ÌÂ ¤Ó· ÚfiÁÚ·ÌÌ· Ô˘ ‰ËÌÈÔ˘ÚÁÂ› ÌÈ· ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ·fi ·ÔÌÔÓˆÌ¤ÓÂ˜

Ù¤ÙÔÈÂ˜ ÂÚÈÔ¯¤˜. TÔ ÚfiÁÚ·ÌÌ· ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ ÂÍ‹˜:

¶ÚÒÙ· ·fi fiÏ· ·ÔÌÔÓÒÓÂÈ fiÏÂ˜ ÙÈ˜ ÚˆÙÂ˝ÓÂ˜ Ô˘ ¤¯Ô˘Ó ·Ó·ÊÂÚıÂ› ÛÙËÓ ‚¿ÛË

‰Â‰ÔÌ¤ÓˆÓ, Swiss database ˆ˜ “zinc finger domain proteins”, ÚˆÙÂ˝ÓÂ˜ ‰ËÏ·‰‹ Ô˘

ÂÚÈ¤¯Ô˘Ó ÂÚÈÔ¯¤˜ ÌÂ ‰·ÎÙ‡ÏÔ˘˜ „Â˘‰·ÚÁ‡ÚÔ˘. Afi ·˘Ù¤˜ ÙÈ˜ ÚˆÙÂ˝ÓÂ˜ ·ÔÌÔÓÒÛ·ÌÂ

·ÎÚÈ‚Ò˜ fiÛÂ˜ ÂÚÈÔ¯¤˜ Â›¯·Ó ÙËÓ ·ÏÏËÏÔ˘¯›·:

C2-4XC11-13XH3-5XH 

·ÊÔ‡ Û‡ÌÊˆÓ· Î·Ù¿ Ù· ÁÓˆÛÙ¿ (Harisson, 1991) ·˘Ù‹ Â›Ó·È Ë ¯·Ú·ÎÙËÚÈÛÙÈÎ‹ Ù¤ÙÔÈˆÓ

ÂÚÈÔ¯ÒÓ. H ÏÂÈÔ„ËÊ›· ÙÔ˘˜ 577, Â›¯·Ó ÙËÓ ·ÏÏËÏÔ˘¯›· ÙË˜ ÌÔÚÊ‹˜: 

C2XC12XH3XH

ÌÂ ÌÈ· ÌfiÓÔ ÛËÌ·ÓÙÈÎ‹ ÂÍ·›ÚÂÛË, fiÔ˘ ‚Ú¤ıËÎ·Ó ÂÍ‹ÓÙ· ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ ÙË˜

ÌÔÚÊ‹˜:

C2XC12XH4XH
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4 ÁÈ· ÂÚÈÛÛfiÙÂÚ· ‰Â˜ “Folding and association of proteins” (R. JAENICKE)



Î·È Î¿ÔÈÂ˜ ¿ÏÏÂ˜ ÔÏ‡ ÌÈÎÚ¤˜ ÂÍ·ÈÚ¤ÛÂÈ˜. OÈ ÚˆÙÂ˝ÓÂ˜ ·fi fiÔ˘ ·Ó‹ÎÔ˘Ó ÔÈ

·ÏÏËÏÔ˘¯›Â˜ ÚÔ¤Ú¯ÔÓÙ·È Î˘Ú›ˆ˜ ·fi ¿ÓıÚˆÔ, ÔÓÙÈÎfi, Î·È ‚¿ÙÚ·¯Ô, Î·È

‰Â˘ÙÂÚÂ˘fiÓÙˆ˜ ·fi ÛÎÔ˘Ï›ÎÈ, Ì‡ÎËÙ·, ÎÔÙfiÔ˘ÏÔ, Î.Ï.. (‰Â˜ ¶ÈÓ. 2 ÛÙÔ ¶·Ú¿ÚÙËÌ·) 

II.II.3 MÂıÔ‰ÔÏÔÁ›·

MÂÙ¿ ·fi ÙËÓ ·ÓÙÈÛÙÔ›¯ËÛË ÙˆÓ ÂÙ¿ ı¤ÛÂˆÓ 13-19 ÛÙËÓ ¤ÏÈÎ· Ô˘ ¤ÁÈÓÂ ‚¿ÛÂÈ

ÙˆÓ ‹‰Ë ÁÓˆÛÙÒÓ ÁÈ· ·˘Ù‹Ó ÙËÓ ÔÈÎÔÁ¤ÓÂÈ· ÚˆÙÂ˚ÓÒÓ5 (Desjarlais and Berg, 1992,

Jacobs 1992) ˘ÔÏÔÁ›Û·ÌÂ ÙÈ˜ Û˘¯ÓfiÙËÙÂ˜ ÁÈ· Î¿ıÂ ı¤ÛË ÛÂ fiÏÔ˘˜ ÙÔ˘˜ ‰¿ÎÙ˘ÏÔ˘˜

„Â˘‰·ÚÁ‡ÚÔ˘ ÙË˜ ‚¿ÛË˜ ‰Â‰ÔÌ¤ÓˆÓ. A˘Ùfi ¤ÁÈÓÂ ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ÚÔÁÚ¿ÌÌ·Ù· Ô˘

·Ó·Ù‡¯ıËÎ·Ó ·fi Ì·˜. O ÏfiÁÔ˜ Ô˘ ˘ÔÏÔÁ›˙Ô˘ÌÂ ·˘Ù¿ Ù· ÌÂÁ¤ıË Â›Ó·È ÁÈ· Ó·

·Ô‰Â›ÍÔ˘ÌÂ ÛÙ·ÙÈÛÙÈÎ¿ ÔÈ¿ ˙Â˘Á¿ÚÈ·, ‹ ÙÚÈ¿‰Â˜, ·ÌÈÓÔÍ¤ˆÓ Û˘Ó‰˘¿˙ÔÓÙ·È Î·Ù¿ Ù‡¯Ë,

Î·È ÔÈ¿ fi¯È.

OÚ›˙Ô˘ÌÂ ˆ˜ R(r,p) ÙÔÓ ·ÚÈıÌfi Ô˘ ·Ú·ÙËÚÂ›Ù·È ÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ·ÌÈÓÔÍ‡ r

ÛÙËÓ ı¤ÛË p ÛÙÈ˜ ·ÏÏËÏÔ˘¯›Â˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘. E›ÛË˜ ÔÚ›Û·ÌÂ ÙÈ˜

Û˘¯ÓÔÙ‹ÙÂ˜ (occurence) O(r,p) fiˆ˜ Ê·›ÓÂÙ·È ·Ú·Î¿Ùˆ:

O(r,p) = R(r,p)

R(r,p)™
r=1

20

(1)

fiÔ˘ r Ô ·ÚÈıÌfi˜ fiÏˆÓ ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ Ô˘ ··ÓÙÔ‡Ó ÛÂ ÌÈ· Û˘ÁÎÂÎÚÈÌ¤ÓË ı¤ÛË Î·È p

ÔÔÈ·‰‹ÔÙÂ ı¤ÛË Ì¤Û· ÛÙËÓ ·ÏÏËÏÔ˘¯›· „Â˘‰·ÚÁ‡ÚÔ˘.

°È· fiÏ· Ù· ‰˘Ó·Ù¿ ˙Â˘Á¿ÚÈ·, ÌÂÙ·Í‡ ÙˆÓ ı¤ÛÂˆÓ, 13-19, ˘ÔÏÔÁ›Û·ÌÂ ÙÈ˜

·Ú·¿Óˆ Û˘¯ÓfiÙËÙÂ˜ Î·È ÙÈ˜ Ù˘ÈÎ¤˜ ·ÔÎÏ›ÛÂÈ˜ ÙÔ˘˜ (e.s.d’s) ‚¿ÛÂÈ ÙË˜:

 s(r,p) = R(r,p) 6

(2)

OÚ›˙Ô˘ÌÂ ˆ˜ J(r1/p1,r2/p2) ÙÔÓ ·ÚÈıÌfi Ô˘ ·Ú·ÙËÚÔ‡ÓÙ·È Ù·˘Ùfi¯ÚÔÓ· Ù·

·ÌÈÓÔÍ¤· r1, r2 ÛÙÈ˜ ı¤ÛÂÈ˜ p1, p2 ·ÓÙ›ÛÙÔÈ¯·. To Î·ÓÔÓÈÎÔÔÈËÌ¤ÓÔ Ì¤ÁÂıÔ˜ ·Ó¿ÏÔÁ·

ı· ‰›ÓÂÙ·È ·fi ÙËÓ Û¯¤ÛË:

27

5 YÂÓı˘Ì›˙Ô˘ÌÂ fiÙÈ ·˘Ù‹ Ë ·Ú›ıÌËÛË Û˘Ì›ÙÂÈ ÌÂ ÙËÓ ·Ú¯‹ ÙË˜ ¤ÏÈÎ·˜ Î·È
·ÓÙÈÛÙÔÈ¯Â› ÌÂ ÙÈ˜ ı¤ÛÂÈ˜ s3-m3.

6 fiˆ˜ ÔÚ›˙ÂÙ·È ·fi ÙË ıÂˆÚ›· ÙË˜ ÛÙ·ÙÈÛÙÈÎ‹˜ ÙˆÓ ÌÂÙÚ‹ÛÂˆÓ  (count statistics)



J¢(r1/p1,r2/p2) = 
J(r1/p1,r2/p2)

J(r1/p1,r2/p2)∑
r1,r2 (3)

TÔ ·ÓÙ›ÛÙÔÈ¯Ô Ì¤ÁÂıÔ˜ ÙˆÓ Û¯ÂÙÈÎÒÓ Û˘¯ÓÔÙ‹ÙˆÓ (relative occurence)

R.O.(r1/p1,r2/p2) ‚¿ÛÂÈ ÙË˜ (1) ÌÔÚÂ› Ó· ÔÚÈÛÙÂ› ˆ˜ ÂÍ‹˜:

R.O.(r1/p1,r2/p2) = J¢(r1/p1,r2/p2)
O(r1,p1)×O(r2,p2) (4)

¢Â‰ÔÌ¤ÓÔ˘ fiÙÈ ÔÈ ÔÛfiÙËÙÂ˜ R(r,p) Î·È R.O.(r1/p1, r2/p2) Û˘Ó‰¤ÔÓÙ·È ·fi ÙÈ˜ (1)-

(4), ÚÔÎ‡ÙÂÈ ·fi ÙËÓ ıÂˆÚ›· ÛÊ·ÏÌ¿ÙˆÓ fiÙÈ Ë ·fiÎÏÈÛË ÙÔ˘ R.O.(r1/p1, r2/p2)

‰›ÓÂÙ·È ·fi ÙËÓ Û¯¤ÛË:

s(r1/p1,r2/p2) = N× c
a×b

× 1/a+1/b+1/c)
(5)

N = R(r,p)™
r (6)

c=J(r1/p1,r2/p2) (7)

a = R(r1/p1) (8)

b = R(r2/p2) (9)

°È· ÙÈ˜ ÙÚÈ¿‰Â˜ ÌÔÚÔ‡ÌÂ Ó· ÔÚ›ÛÔ˘ÌÂ ˆ˜ K(r1/p1,r2/p2,r3/p3) ÙÔÓ ·ÚÈıÌfi ÙˆÓ

ÌÂÙÚ‹ÛÂˆÓ fiÙ·Ó Ù· ·ÌÈÓÔÍ¤· r1,r2,r3, ·Ú·ÙËÚÔ‡ÓÙ·È Ù·˘Ùfi¯ÚÔÓ· ÛÙÈ˜ ı¤ÛÂÈ˜

p1,p2,p3. O Î·ÓÔÓÈÎÔÔÈËÌ¤ÓÔ˜ ›Ó·Î·˜ K ã(r1/p1,r2/p2,r3/p3) ı· ‰ÈÓÂÙ·È ·fi ÙËÓ

·Ú·Î¿Ùˆ Û¯¤ÛË, Î·Ù¿ ·Ó·ÏÔÁ›· ÌÂ ÙËÓ (2):

K¢ (r1/p1,r2/p2,r3/p3) = K(r1/p1,r2/p2,r3/p3)

K(r1/p1,r2/p2,r3/p3)∑
r1,r2,r3 (10)
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Î·È ÙÈ˜ Û¯ÂÙÈÎ¤˜ Û˘¯ÓfiÙËÙÂ˜ R.O.(r1/p1,r2/p2,r3/p3) ·ÓÙ›ÛÙÔÈ¯· ÌÂ ÙËÓ (4) ÙÈ˜ ÔÚ›Û·ÌÂ ˆ˜

ÂÍ‹˜:

R.O.(r1/p1,r2/p2,r3/p3) = K¢(r1/p1,r2/p2,r3/p3)
O(r1/p1)×O(r2,p2)×O(r3,p3)

 
(11)

Â›ÛË˜ ÔÈ Ù˘ÈÎ¤˜ ·ÔÎÏ›ÛÂÈ˜ ÙˆÓ ·Ú·¿Óˆ ÔÛÔÙ‹ÙˆÓ ÔÚ›˙ÔÓÙ·È ·ÓÙ›ÛÙÔÈ¯· ˆ˜:

s(r1/p1,r2/p2,r3/p3) = N2× d
a×b×c

× (1/a+1/b+1/c+1/d)
(12)

fiÔ˘ ÙÔ N ÔÚ›˙ÂÙ·È ·fi ÙËÓ (6) Î·È

d = K (r1/p1,r2/p2,r3/p3) (13)

a = R(r1/p1) (14)

b = R(r2/p2) (15)

c = R(r3/p3) (16)

E›ÛË˜ ÔÚ›˙Ô˘ÌÂ ̂ ˜ ÔÏ˘ÌÔÚÊÈÎfiÙËÙ· (variance) var(p) ÂÓfi˜ ·ÌÈÓÔÍ¤Ô˜ ÛÂ ÌÈ·

ı¤ÛË p ˆ˜ ÂÍ‹˜:

var(p) = 1 - max O(p) (17)

TËÓ ·Ú·¿Óˆ ÔÛfiÙËÙ· ÙËÓ ˘ÔÏÔÁ›Û·ÌÂ ÁÈ· fiÏ· Ù· ·ÌÈÓÔÍ¤·  ÙˆÓ ‰·ÎÙ‡ÏˆÓ

ÛÙËÓ ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ. EÈ¯ÂÈÚÔ‡ÌÂ ÛÙËÓ Û˘Ó¤¯ÂÈ·Ó· ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ÙÈ˜ ·Ú·¿Óˆ

ÔÛfiÙËÙÂ˜ Ó· ‚ÚÔ‡ÌÂ ÙÔ˘˜ Î·ÓfiÓÂ˜, ·Ó ˘¿Ú¯Ô˘Ó Ô˘ ‰È¤Ô˘Ó ÙËÓ Î·Ù·ÓÔÌ‹ ÙˆÓ

·ÌÈÓÔÍ¤ˆÓ ÛÂ Ì›· ·ÏÏËÏÔ˘¯›· ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘.
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KEºA§AIO III

A¶OTE§E™MATA
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III. A¶OTE§E™MATA

III.I MÔÓÙ¤ÏÔ ÙÔ˘ Û˘ÌÏ¤ÁÌ·ÙÔ˜ ÙÔ˘ CF2 ÌÂ ÙÔ DNA

TÔ ÙÚÈÛ‰È¿ÛÙ·ÙÔ ÌÔÓÙ¤ÏÔ ÙˆÓ ÙÚÈÒÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÙÔ˘ CF2, ·Ú¿ ÙÈ˜

‰È·ÊÔÚ¤˜ Ô˘ ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÂ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô ÙÔ˘ Zif268, ‚·Û›ÛÙËÎÂ ·ÔÎÏÂÈÛÙÈÎ¿ Û’

·˘Ùfi. EÊ·ÚÌfi˙ÔÓÙ·˜ ÙÈ˜ ‰È¿ÊÔÚÂ˜ ‰ÈÔÚıÒÛÂÈ˜, Ô˘ ·Ó·Ê¤ÚıËÎ·Ó ·Ú·¿Óˆ Ë

·Ó¿Ù˘ÍË ÙÔ˘ ÌÔÓÙ¤ÏÔ˘ ‹Ù·Ó ¿ÌÂÛË ·fi ·˘Ùfi ÙÔ˘ Zif268. TÔ ıÂˆÚËÙÈÎfi ÎÔÌÌ¿ÙÈ ÙÔ˘

DNA, Ô˘ ‰ËÌÈÔ˘ÚÁ‹Û·ÌÂ ÌÂ ÙËÓ ‚Ô‹ıÂÈ· ÙÔ˘ ÚÔÁÚ¿ÌÌ·ÙÔ˜ SYBYL, ‰ÂÓ ·¤¯ÂÈ ÔÏ‡

·fi ÙÔ ÂÈÚ·Ì·ÙÈÎfi ÎÔÌÌ¿ÙÈ ÙˆÓ ¤ÍÈ ‚¿ÛÂˆÓ, Ô˘ Â›Ó·È ÎÔÈÓfi Î·È ÛÙ· ‰‡Ô.

™˘ÁÎÂÎÚÈÌ¤Ó· Ë Ì¤ÛË ‰È·ÊÔÚ¿ (rms deviation) ÙˆÓ Û˘ÓÙÂÙ·ÁÌ¤ÓˆÓ fiÏˆÓ ÙˆÓ ·ÙfiÌˆÓ

ÙÔ˘˜, Â›Ó·È ÏÈÁfiÙÂÚË ·fi 1.5 Angstroem. H ÌÂÁ·Ï‡ÙÂÚË ‰È·ÊÔÚ¿ ÙÔ˘˜ ÂÓÙÔ›˙ÂÙ·È ÛÙÔ

fiÙÈ ÔÈ ‚¿ÛÂÈ˜ ÙÔ˘ ÂÈÚ·Ì·ÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ‰ÂÓ Â›Ó·È ·fiÏ˘Ù· Û˘ÓÂ›Â‰Â˜, (propeller

twist)7 , Î¿ÙÈ Ô˘ ‰ÂÓ Û˘Ì‚·›ÓÂÈ ÁÈ· ÙÔ ıÂˆÚËÙÈÎfi. °È· ÙÔÓ ÛÎÔfi fiÌˆ˜ ÌÈ·˜ ÔÈÔÙÈÎ‹˜

ÂÚÈÁÚ·Ê‹˜ ÙˆÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ ÙÔ˘ CF2 ÌÂ ÙÔ DNA ÔÈ ‰È·ÊÔÚ¤˜ ÙˆÓ ‰‡Ô ÌÔÓÙ¤ÏˆÓ

Â›Ó·È ÂÏ¿¯ÈÛÙÂ˜.

ŸÏÂ˜ ÔÈ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ Ô˘ ÚÔ‚Ï¤ÔÓÙ·È ‚¿ÛÂÈ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘ Ì·˜ Ê·›ÓÔÓÙ·È

ÛÙËÓ EÈÎ. 10. E›ÛË˜ Ë Û¯ÂÙÈÎ‹ ı¤ÛË ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 5 ˆ˜ ÚÔ˜ ÙÔ DNA Ê·›ÓÂÙ·È ÛÙËÓ EÈÎ.

11. OÈ ÂÈ‰ÈÎ¤˜ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂÙ·Í‡ ÙˆÓ

ÏÂ˘ÚÈÎÒÓ ·Ï˘Û›‰ˆÓ, Ô˘ ‚Ú›ÛÎÔÓÙ·È ÛÙÔ ·ÌÈÓÔÙÂÏÈÎfi ¿ÎÚÔ ÙË˜ ¤ÏÈÎ·˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ

Î·È ÙˆÓ ‚¿ÛÂˆÓ ÙÔ˘ DNA. E›ÛË˜ ÔÈ ‰ÂÛÌÔ› ÌÂ ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA

Ú·ÁÌ·ÙÔÔÈÔ‡ÓÙ·È Î·Ù¿ ·Ó·ÏÔÁ›· ÌÂ ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268, ·Ï¿ ÔÈ Ï˘Û›ÓÂ˜ ¤¯Ô˘Ó

·ÓÙÈÎ·Ù·ÛÙ‹ÛÂÈ ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ·ÚÁÈÓ›ÓÂ˜ EÈÎ. 12. OÈ ·ÔÛÙ¿ÛÂÈ˜ ÙˆÓ ·ÙfiÌˆÓ, ‰¤ÎÙË-

‰fiÙË, Ô˘ Û¯ËÌ·Ù›˙Ô˘Ó ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA, Â›Ó·È ÔÈ Î·Ù¿ÏÏËÏÂ˜

(ÌÈÎÚfiÙÂÚÂ˜ ·fi 3.2 Angstroem) ÌfiÓÔ ÁÈ· ÙÔÓ ‰¿ÎÙ˘ÏÔ 5. °È· ÙÔÓ Ù¤Ù·ÚÙÔ Î·È ÙÔÓ ¤ÎÙÔ

fiÌˆ˜ Â›Ó·È ÌÂÁ·Ï‡ÙÂÚÂ˜ ·fi 3.5 Angstroem, ÛÙÔ ‰ÔÌÈÎfi Ï·›ÛÈÔ Ô˘ ‚·Û›˙ÂÙ·È ÛÙÔ

Zif268 ·ÏÏ¿ ÔÈ Û¯ÂÙÈÎÔ› ÚÔÛ·Ó·ÙÔÏÈÛÌÔ› ÚˆÙÂ˝ÓË˜ Î·È DNA Â›Ó·È Î·Ù¿ÏÏËÏÔÈ ÁÈ· ÙÔÓ

Û¯ËÌ·ÙÈÛÌfi ˘‰ÚÔÁÔÓÈÎÒÓ ‰ÂÛÌÒÓ. A˘Ùfi ÔÊÂ›ÏÂÙ·È Ì¿ÏÏÔÓ ÛÙÔ fiÙÈ ÔÈ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜

Ô˘ ·›ÚÓÔ˘Ó Ì¤ÚÔ˜ Û’ ·˘Ù‹Ó ÙËÓ ‰ÈÂÚÁ·Û›· Â›Ó·È ÌÈÎÚfiÙÂÚÂ˜ ·fi fiÙÈ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘

Zif268, fiÔ˘ Î˘ÚÈ·Ú¯Ô‡Û·Ó ÔÈ ·ÚÁÈÓ›ÓÂ˜.
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OÈ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 5 (Ù˘ÚÔÛ›ÓË, Ï˘Û›ÓË) Â›Ó·È ·ÚfiÌÔÈÔ˘

Ì‹ÎÔ˘˜ ÌÂ ·˘Ù¤˜ ÙË˜ ·ÚÁÈÓ›ÓË˜ ÁÈ’ ·˘Ùfi Î·È ÔÈ ·ÔÛÙ¿ÛÂÈ˜, ÁÈ· Û¯ËÌ·ÙÈÛÌfi

˘‰ÚÔÁÔÓÔ‰ÂÛÌÒÓ Â›Ó·È ÔÈ Î·Ù¿ÏÏËÏÂ˜. K·È ÁÈ· ÙÔ˘˜ ˘fiÏÔÈÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜ Â›Ó·È

‰˘Ó·ÙfiÓ Ó· ÂÈÙÂ˘¯ıÔ‡Ó ·ÚfiÌÔÈ·, ·Ó ÌÂÙ·ÎÈÓËıÂ› ÔÏfiÎÏËÚÔ˜ Ô ‰¿ÎÙ˘ÏÔ˜ ÚÔ˜ ÙÔ Ì¤ÚÔ˜

ÙÔ˘ DNA ÛÂ ‰ÈÂ‡ı˘ÓÛË Î¿ıÂÙË ÚÔ˜ ÙÔÓ ¿ÍÔÓ· ÙË˜ ·-¤ÏÈÎ·˜. MÂÙ·Î›ÓËÛË Î·Ù¿ ÂÚ›Ô˘

1 Angstroem Â›Ó·È ·ÚÎÂÙ‹ ÁÈ· Ó· ‰ÈÔÚıˆıÔ‡Ó ÔÈ ·ÔÛÙ¿ÛÂÈ˜ ÙˆÓ ÏÂ˘ÚÈÎÒÓ ·Ï˘Û›‰ˆÓ

·fi ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. AÔÙ¤ÏÂÛÌ· ·˘Ù‹˜ ÙË˜ ÌÂÙ·Î›ÓËÛË˜ Â›Ó·È Ë ÈÔ “Û˘Ì·Á‹˜”

ÙÔÔı¤ÙËÛË ÙˆÓ ‰·ÎÙ‡ÏˆÓ ÙÔ˘ CF2, Ì¤Û· ÛÙËÓ Î‡ÚÈ· ·‡Ï·Î·. ŸÏ· Ù· ÂÛˆÙÂÚÈÎ¿ ‰ÔÌÈÎ¿

¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ·Ú·Ì¤ÓÔ˘Ó ·ÌÂÙ¿‚ÏËÙ·, fiˆ˜ Â›ÛË˜ Î·È ÔÈ ̆ ‰ÚÔÁÔÓÈÎÔ› ‰ÂÛÌÔ› ÚÔ˜

ÙÔ ÛÎÂÏÂÙfi ÙÔ˘ DNA. 

H ÌfiÓË ‰ÔÌÈÎ‹ ·ÏÏ·Á‹ Ô˘ ··ÈÙÂ›Ù·È Â›Ó·È ÛÙËÓ ‰È·ÌfiÚÊˆÛË ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘

(linker) GEK Ô˘ Û˘Ó‰¤ÂÈ ÙÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜. XÚËÛÈÌÔÔÈÒÓÙ·˜ ÙËÓ ÚÔ˘Ù›Ó· DGNL8 ÙÔ˘

FRODO ·Ú·ÙËÚ‹Û·ÌÂ fiÙÈ ‹Ù·Ó ‰˘Ó·ÙfiÓ Ó· Û˘Ó‰ÂıÔ‡Ó ÔÈ ‰‡Ô ‰¿ÎÙ˘ÏÔÈ ÌÂ ‰È·ÌfiÚÊˆÛË

Û˘Ó‰¤ÛÌÔ˘ Ù¤ÙÔÈ·, Ô˘ Ó· ˘¿Ú¯ÂÈ Î·È ÛÂ Ï˘Ì¤ÓÂ˜ ÚˆÙÂ˝ÓÈÎ¤˜ ‰ÔÌ¤˜. E›Ó·È ÏÔÈfiÓ

Èı·ÓfiÓ Ë ‰ÔÌ‹ ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ Ó· ·ÚÔ˘ÛÈ¿˙ÂÈ Û¯ÂÙÈÎ‹ Â˘ÂÏÈÍ›· (flexibility) ÒÛÙÂ Î¿ıÂ

‰¿ÎÙ˘ÏÔ˜ Ó· ÌÔÚÂ› Ó· ÙÔÔıÂÙÂ›Ù·È ÛÙËÓ ÛˆÛÙ‹ ·fiÛÙ·ÛË Û¯ÂÙÈÎ¿ ÌÂ ÙÔ DNA.

OÈ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘ CF2 ÌÂ ÙÔ DNA ÁÂÓÈÎ¿ Û˘ÌÊˆÓÔ‡Ó ÌÂ ·˘Ù¤˜

ÙÔ˘ Zif268. H ÏÂÈÔ„ËÊ›· ÙˆÓ ÂÈ‰ÈÎÒÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ Á›ÓÂÙ·È ÌÂ ÙËÓ ·Ï˘Û›‰· ÙÔ˘

DNA Ô˘ ÙÔÔıÂÙÂ›Ù·È ·ÓÙÈ·Ú¿ÏÏËÏ·, ÚÔ˜ ÙËÓ ·ÏÏËÏÔ˘¯›· ÙË˜ ÚˆÙÂ˝ÓË˜. §fiÁˆ ÙÔ˘

fiÙÈ ÙÔ ÌÔÓÙ¤ÏÔ Â›Ó·È ıÂˆÚËÙÈÎfi ‰ÂÓ ÌÔÚÔ‡ÌÂ Ó· Ô‡ÌÂ ÌÂ ·ÎÚ›‚ÂÈ· ÔÈ¤˜

·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ·fi ÙËÓ EÈÎ. 10 Û˘Ì‚·›ÓÔ˘Ó ÛÙËÓ Ú·ÁÌ·ÙÈÎfiÙËÙ·. Afi Ù· ÂÈÚ¿Ì·Ù·

ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ Ê·›ÓÂÙ·È fiÙÈ ÁÈ· ÙÔÓ ‰¿ÎÙ˘ÏÔ 4 ‰ÂÓ Ï·Ì‚¿ÓÔ˘Ó ¯ÒÚ· fiÏÂ˜ ÔÈ

·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜. B¿ÛÂÈ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘ Zif268/DNA Ú·ÁÌ·ÙÔÔÈÔ‡ÓÙ·È ‰‡Ô

ÙÔ˘Ï¿¯ÈÛÙÔÓ, ÂÈ‰ÈÎ¤˜ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ·Ó¿ ‰¿ÎÙ˘ÏÔ, Î·È Î¿ÙÈ ·Ó¿ÏÔÁÔ Ê·›ÓÂÙ·È Ó·

Û˘Ì‚·›ÓÂÈ Î·È ÛÙÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜ 5 Î·È 6 ÙÔ˘ CF2. ¢È·ÊÔÚ¿ ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÛÙËÓ

‰˘Ó·ÙfiÙËÙ· ·ÏÏËÏÂ›‰Ú·ÛË˜ ÙÔ˘ CF2 ÌÂ ‚¿ÛÂÈ˜ ·fi ÙËÓ ·Ï˘Û›‰· ÙÔ˘ DNA Ô˘

ÙÔÔıÂÙÂ›Ù·È ·Ú¿ÏÏËÏ· ÌÂ ÙËÓ ·ÏÏËÏÔ˘¯›· ÙË˜ ÚˆÙÂ˝ÓË˜. K¿ÙÈ Ù¤ÙÔÈÔ ‰ÂÓ Â›¯Â

·Ú·ÙËÚËıÂ› ÛÙÔ Zif268, ·ÚfiÙÈ ÛÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ı¤ÛÂÈ˜ ÔÈ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ ‹Ù·Ó ÛÙËÓ

Î·Ù¿ÏÏËÏË ·fiÛÙ·ÛË ·fi ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. ™ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2, fiÌˆ˜ ÙÔ

·Û·ÚÙÈÎfi ÔÍ‡ 15D ·fi ÙÔÓ ‰¿ÎÙ˘ÏÔ 5 ‚Ú›ÛÎÂÙ·È ÛÙËÓ Î·Ù¿ÏÏËÏË ı¤ÛË Î·È ¤¯ÂÈ ÙËÓ

Î·Ù¿ÏÏËÏË ÁÂˆÌÂÙÚ›· ÁÈ· Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ ÌÂ ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë ·‰ÂÓ›ÓË. E›ÛË˜

ÂÈÚ¿Ì·Ù· ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ (¶ÈÓ. 3) ÂÓÈÛ¯‡Ô˘Ó ÙËÓ ˘fiıÂÛË fiÙÈ ÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ
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8 A˘Ùfi ÙÔ ÚfiÁÚ·ÌÌ· ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ ÂÍ‹˜: T· ‰ÔÌÈÎ¿ ‰Â‰ÔÌ¤Ó· ÙˆÓ Ï˘Ì¤ÓˆÓ
ÚˆÙÂ˚ÓÒÓ Ô˘ ‚Ú›ÛÎÔÓÙ·È ÛÙË ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ Brookhaven Â›Ó·È Îˆ‰ÈÎÔÔÈËÌ¤Ó· ˘fi
ÌÔÚÊ‹ ·ÔÛÙ¿ÛÂˆÓ ÌÂÙ·Í‡ ÙˆÓ ·ÙfiÌˆÓ. EÈÏ¤ÁÔÓÙ·˜ ÏÔÈfiÓ ÌÈ· Û˘ÁÎÂÎÚÈÌ¤ÓË
ÚˆÙÂ˚ÓÈÎ‹ ·ÏÏËÏÔ˘¯›· ÙÔ ÚfiÁÚ·ÌÌ· ‚Ú›ÛÎÂÈ ÔÈ¿ ¿ÏÏ· ÎÔÌÌ¿ÙÈ· ·fi Ï˘Ì¤ÓÂ˜
ÚˆÙÂ˝ÓÂ˜ ¤¯Ô˘Ó ·ÚfiÌÔÈÂ˜ ·ÔÛÙ¿ÛÂÈ˜ ÌÂÙ·Í‡ ÙˆÓ ·ÙfiÌˆÓ ÙÔ˘˜, Î·È ·ÚÔ˘ÛÈ¿˙ÂÈ Ù·
ÂÚÈÛÛfiÙÂÚÔ ÔÌfiÏÔÁ· ÚÔ˜ ·˘Ù‹.



·ÌÈÓÔÍ‡ ·ÏÏËÏÂÈ‰Ú¿ ÌÂ ÙËÓ ‚¿ÛË ÙÔ˘ DNA. Ÿˆ˜ ı· Ê·ÓÂ› Î·È ·fi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹

·Ú·Î¿Ùˆ, Ô ÚfiÏÔ˜ ·˘Ù‹˜ ÙË˜ ı¤ÛË˜ Â›Ó·È Ì¿ÏÏÔÓ ‰ÈÏfi˜, ·Ó¿ÏÔÁ· ÌÂ ÙÔ ÙÈ ·ÌÈÓÔÍ¤·

˘¿Ú¯Ô˘Ó ÛÙÈ˜ ¿ÏÏÂ˜ ı¤ÛÂÈ˜ ÙË˜ ¤ÏÈÎ·˜. ™Ù· ÂÈÚ¿Ì·Ù· ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ ·˘Ùfi Ô˘

‘ÂÁÈÓÂ ‹Ù·Ó ÙÔ ÂÍ‹˜: °È· fiÔÈÔ ·ÌÈÓÔÍ‡ ÛÙÈ˜ ÎÚ›ÛÈÌÂ˜ ı¤ÛÂÈ˜ ÙË˜ ¤ÏÈÎ·˜ ÌÂÙ·ÏÏ¿¯ıËÎÂ

(‰Â˜ ¶ÈÓ. 3) ·Ú¿ÏÏËÏ· ÌÂÙÚ‹ıËÎÂ Î·È ·Ó ˘‹Ú¯Â ‰È·ÊÔÚ¿ ÛÙËÓ Û˘ÁÁ¤ÓÂÈ· ÌÂ ÙËÓ

Û˘ÁÎÂÎÚÈÌ¤ÓË ·ÏÏËÏÔ˘¯›· DNA Ô˘ ‰¤ÓÂÙ·È Ë ÚˆÙÂ˝ÓË CF2.

TÔ ÌÔÓÙ¤ÏÔ ÌÂÙ¿ ·fi ÙËÓ ‰ÈÂÚÁ·Û›· ÙË˜ ÂÏ·¯ÈÛÙÔÔ›ËÛË˜ ÙË˜ ÂÓ¤ÚÁÂÈ·˜ ¤‰ÂÈÍÂ

ÂÏ¿¯ÈÛÙÂ˜ ·ÏÏ·Á¤˜, fiˆ˜ ‹Ù·Ó ·Ó·ÌÂÓfiÌÂÓÔ. H ÁÂˆÌÂÙÚ›· ÁÈ· Ù· ÙÚ›· ÈfiÓÙ· ÙÔ˘ Zn+2

‹Ù·Ó ·Ô‰ÂÎÙ‹ ÌÂ Ù· ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ Ó· Ê·›ÓÔÓÙ·È ÛÙÔÓ ¶ÈÓ. 4. OÈ ·ÔÛÙ¿ÛÂÈ˜ ÙˆÓ

ÏÂ˘ÚÈÎÒÓ ·Ï˘Û›‰ˆÓ ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 5 ·fi ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA, ‹Ù·Ó ÌÂÙ·Í‡

2.5 Î·È 3.2 Angstroem. OÈ ¯·Ú·ÎÙËÚÈÛÙÈÎÔ› ˘‰ÚÔÁÔÓÈÎÔ› ‰ÂÛÌÔ› ÚÔ˜ ÙÔ ÛÎÂÏÂÙfi ÙÔ˘

DNA ‰È·ÙËÚ‹ıËÎ·Ó Î·Ù¿ ·Ó·ÏÔÁ›· ÌÂ ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268. E›ÛË˜ ÙÔ ‰È¿ÁÚ·ÌÌ·

Ramachadran ÁÈ· ÙËÓ ÚˆÙÂ˝ÓË Â›Ó·È ·ÚÎÂÙ¿ Î·Ïfi Î·È Ê·›ÓÂÙ·È ÛÙËÓ EÈÎ. 13. E‰Ò

·Ó·Ê¤ÚÔ˘ÌÂ fiÙÈ ÔÈ ‰›Â‰ÚÂ˜ ÁˆÓ›Â˜ ÁˆÓ›Â˜ ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ 141 Î·È 169 Î·È ÛÙÔ ÌÔÓÙ¤ÏÔ

ÙÔ˘ Zif268 ‚Ú›ÛÎÔÓÙ·È ÛÙËÓ ›‰È· ÂÚÔ¯‹ ÙÔ˘ ‰È·ÁÚ¿ÌÌ·ÙÔ˜. MÂÙ¿ ·fi ·Ó¿ÏÔÁË

‰ÈÂÚÁ·Û›·, ÙÔ ÌÔÓÙ¤ÏÔ ÙË˜ ÚˆÙÂ˝ÓË˜ ÌÂ ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë ·ÏÏËÏÔ˘¯›· ÙÔ˘ ÂÈÚ·Ì·ÙÈÎ¿

Ï˘Ì¤ÓÔ˘ DNA ¤‰ÂÈÍÂ ÂÏ¿¯ÈÛÙÂ˜ ‰È·ÊÔÚ¤˜ ÌÂ ÙÔ ·Ú·¿Óˆ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2.

™˘ÁÎÂÎÚÈÌ¤Ó· Ë Ì¤ÛË ‰È·ÊÔÚ¿ (rms deviation) ÌÂÙ·Í‡ ÙˆÓ Û˘ÓÙÂÙ·ÁÌ¤ÓˆÓ fiÏˆÓ ÙˆÓ

·ÙfiÌˆÓ ÙÔ˘˜ ‹Ù·Ó 0.155 Angstroem.
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¶›Ó·Î·˜ 3. AÔÙÂÏ¤ÛÌ·Ù· ÂÈÚ·Ì¿ÙˆÓ ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜

£¤ÛË AÌÈÓÔÍ‡ AÔÙ¤ÏÂÛÌ·

¢¿ÎÙ˘ÏÔ˜ 4

13 Q (-)
14 S (+)
15 N (+)
16 T (+)
17 L
18 K (+)
19 Q (+)

¢¿ÎÙ˘ÏÔ˜ 5

13 V (+)
14 K (+)
15 D (+++)
16 Y (+++)
17 L
18 T (+)
19 K (+++)

¢¿ÎÙ˘ÏÔ˜ 6

13 Q (+++)
14 R (+)
15 S (+++)
16 A-S (!)
17 L
18 T (+)
19 V (-)

™˘Ì‚ÔÏÈÛÌÔ›

(+++)   EÏÏ¿ÙˆÛË ÛÙËÓ Û˘ÁÁ¤ÓÂÈ· ÌÂÁ·Ï‡ÙÂÚË ·fi 20 ÊÔÚ¤˜
(+)     EÏÏ¿ÙˆÛË ÛÙËÓ Û˘ÁÁ¤ÓÂÈ· ·fi 1.5 ¤ˆ˜ 3 ÊÔÚ¤˜ ÂÚ›Ô˘
(-)      MË‰ÂÓÈÎ‹ ÂÏÏ¿ÙˆÛË Û˘ÁÁ¤ÓÂÈ·˜
(!)      ·‡ÍËÛË ÛÙËÓ Û˘ÁÁ¤ÓÂÈ· ÂÚ›Ô˘ 1.5 ÊÔÚ¤˜

A˜ ÛËÌÂÈˆıÂ› fiÙÈ fiÏÂ˜ ÔÈ ÌÂÙ·ÏÏ¿ÍÂÈ˜ ¤ÁÈÓ·Ó ÚÔ˜ ·Ï·Ó›ÓË ÂÎÙfi˜ ·fi ÙËÓ
·Ï·Ó›ÓË ÛÙËÓ ı¤ÛË d ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 6, Ô˘ ·ÓÙÈÎ·Ù·ÛÙ¿ıËÎÂ ·fi ÛÂÚ›ÓË.
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¶›Ó·Î·˜ 4. °ÂˆÌÂÙÚ›· Û‡Ó‰ÂÛË˜ ÙˆÓ ÈfiÓÙˆÓ Zn ÛÙ· ÌÔÓÙ¤Ï· CF2 Î·È Zif268

MÔÓÙ¤ÏÔ °ˆÓ›Â˜ AÔÎÏ›ÛÂÈ˜ ·fi ÙÔ

È‰Â·Ùfi (109.4Ô)
CF2

‰¿ÎÙ˘ÏÔ˜ 6
102.3 7.1
132.4 23.0
98.9 10.5

135.1 25.7
‰¿ÎÙ˘ÏÔ˜ 5

103.5 5.1
118.3 8.9

105.3 4.1
101.1 8.3

‰¿ÎÙ˘ÏÔ˜ 4

113.4 4.0

120.2 10.8
97.8 11.6
101.1 8.3

Zif268

‰¿ÎÙ˘ÏÔ˜ 1
108.7 0.7

111.5 2.1

116.3 6.9
103.4 5.0

‰¿ÎÙ˘ÏÔ˜ 2

110.1 0.7
115.7 6.3

116.4 7.0

98.76 10.6
‰¿ÎÙ˘ÏÔ˜ 3

113.4 4.0
110.8 1.4
102.7 6.7
103.4 4.0

√È ·Ú·¿Óˆ ÁˆÓ›Â˜ ·Ó·Ê¤ÚÔÓÙ·È ÛÂ fiÏÂ˜ ÙÈ˜ ÂÚÈÙÒÛÂÈ˜ ÌÂ ÙËÓ ·ÎfiÏÔ˘ıË ÛÂÈÚ¿: i) ¡Â-Zn+2-

Sg ii) Sg-Zn+2-Sg iii) Sg- Zn+2-¡Â Î·È πÁ) ¡Â-Zn+2-¡Â.∆· ¡Â Î·È Sg Â›Ó·È ¿ÙÔÌ· ·˙ÒÙÔ˘ Î·È ıÂ›Ô˘ ·fi

ÙÈ˜ ‰‡Ô ÈÛÙÈ‰›ÓÂ˜ Î·È Î˘ÛÙÂÈÓÂ˜ ·ÓÙ›ÛÙÔÈ¯· Ô˘ ‰¤ÓÔÓÙ·È ÌÂ ÙÔÓ Zn+2. ∂‰Ò ·Ó·Ê¤ÚÔ˘ÌÂ fiÙÈ ÛÙÔÓ

‰¿ÎÙ˘ÏÔ 6 ÙÔ˘ CF2 ·Ú·ÙËÚÔ‡ÓÙ·È Ï›ÁÔ ÌÂÁ·Ï‡ÙÂÚÂ˜ ·ÔÎÏ›ÛÂÈ˜ ·ÊÔ‡ ¤¯ÂÈ Á›ÓÂÈ Ë ·ÏÏ·Á‹ Ô˘

ÚÔ·Ó·Ê¤Ú·ÌÂ, ÛÂ Û¯¤ÛË ÌÂ ÙÔ ‰ÔÌÈÎfi ÚfiÙ˘Ô ÙÔ˘ Zif68. ™ÙÔ ÚfiÁÚ·ÌÌ· Ô˘ ¯ÚËÛÈÌÔÔÈ‹Û·ÌÂ ÁÈ·

ÂÏ·¯ÈÛÙÔÔ›ËÛË ÙË˜ ÂÓ¤ÚÁÂÈ·˜ ‰ÂÓ ˘‹Ú¯Â Ë ‰˘Ó·ÙfiÙËÙ· Ó· ‚ÂÏÙÈˆıÂ› Ë ÁÂˆÌÂÙÚ›· Û‡Ó‰ÂÛË˜ ÙÔ˘ Zn+2.
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III.II ™TATI™TIKH ANA§Y™H

III.II.1 ™Ù·ÙÈÛÙÈÎ‹ ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ DNA

MÂ ÙÔ ÚfiÁÚ·ÌÌ· Ô˘ ÂÚÈÁÚ¿„·ÌÂ ÛÙÔ ÚÔËÁÔ‡ÌÂÓÔ ÎÂÊ¿Ï·ÈÔ ‰ËÌÈÔ˘ÚÁ‹Û·ÌÂ

ÌÈ· ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ·fi 5779 ‰·ÎÙ‡ÏÔ˘˜ „Â˘‰·ÚÁ‡ÚÔ˘ ÌÂ ÙËÓ ·Ú·Î¿Ùˆ ·ÏÏËÏÔ˘¯›·:

C2XC12XH3XH

°È· fiÏÂ˜ ÙÈ˜ ·ÏÏËÏÔ˘¯›Â˜ ̆ ÔÏÔÁ›Û·ÌÂ ÙÈ˜ Û˘¯ÓfiÙËÙÂ˜ R(r,p), ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ Ô˘

Î·Ù·Ï·Ì‚¿ÓÔ˘Ó ÙÈ˜ ÙÚÂ›˜ “ÎÚ›ÛÈÌÂ˜” ı¤ÛÂÈ˜, 13,16,19, Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ

DNA. T· ÔÛÔÛÙ¿ Ê·›ÓÔÓÙ·È ÛÙËÓ EÈÎ. 14. ¶·Ú·ÙËÚÔ‡ÌÂ fiÙÈ Ë ÌÂÁ¿ÏË ÏÂÈÔ„ËÊ›· ÙˆÓ

·ÌÈÓÔÍ¤ˆÓ, ÛÂ ·˘Ù¤˜ ÙÈ˜ ı¤ÛÂÈ˜, Â›Ó·È ˘‰ÚfiÊÈÏ· fiˆ˜, Ë ·ÚÁÈÓ›ÓË, Ë Ï˘Û›ÓË, ÙÔ

ÁÏÔ˘Ù·ÌÈÎfi ÔÍ‡, Ë ÁÏÔ˘Ù·Ì›ÓË, Ë ·Û·Ú·Á›ÓË, Î.Ï.. Ô˘ ÌÔÚÔ‡Ó ‰ËÏ·‰‹ Ó·

Û¯ËÌ·Ù›ÛÔ˘Ó ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. MfiÓÔ ÛÙËÓ ı¤ÛË 19

·Ú·ÙËÚÂ›Ù·È ¤Ó· ˘‰ÚfiÊÔ‚Ô ·ÌÈÓÔÍ‡ Ë ‚·Ï›ÓË, ÛÂ ÔÛÔÛÙfi 12%. ™’ ·˘Ù¤˜ ÙÈ˜ ı¤ÛÂÈ˜

ÏÔÈfiÓ ·Ú·ÙËÚÔ‡ÌÂ Î‡ÚÈ· ˘‰ÚfiÊÈÏ· ·ÌÈÓÔÍ¤· Ô˘ ÌÔÚÔ‡Ó Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÌÂ

ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA, fiˆ˜ ¤¯ÂÈ ‚ÚÂıÂ› Î·È ÂÈÚ·Ì·ÙÈÎ¿ (Jacobs 1992, Pavletich and Pabo

1991). 

EÍÂÙ¿˙ÔÓÙ·˜ Ù· ˙Â˘Á¿ÚÈ· ÙˆÓ ÙÚÈÒÓ ·˘ÙÒÓ ı¤ÛÂˆÓ ÚÔÛ·ı‹Û·ÌÂ  Ó· ‚ÚÔ‡ÌÂ

ÔÈ¿ ÚÔÙÈÌÔ‡Ó Ó· Û˘Ó‰˘¿˙ÔÓÙ·È ÌÂÙ·Í‡ ÙÔ˘˜. A˘Ùfi ÂÈÙÂ‡¯ıËÎÂ ˘ÔÏÔÁ›˙ÔÓÙ·˜ ÙËÓ

Û¯ÂÙÈÎ‹ Û˘¯ÓfiÙËÙ· (R.O.) ÁÈ· ¤Ó· Û˘ÁÎÂÎÚÈÌ¤ÓÔ ˙Â˘Á¿ÚÈ ·ÌÈÓÔÍ¤ˆÓ Î·ıÒ˜ Î·È ÙËÓ

Ù˘ÈÎ‹ ÙÔ˘˜ ·fiÎÏÈÛË. ŸÛÔ ÌÂÁ·Ï‡ÙÂÚÔ Â›Ó·È ÙÔ ÓÔ‡ÌÂÚÔ ÙË˜ Û¯ÂÙÈÎ‹˜ Û˘¯ÓfiÙËÙ·˜ ·fi

ÙËÓ ÌÔÓ¿‰· Î·È fiÛÔ ÌÈÎÚfiÙÂÚÔ Â›Ó·È ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô ÙË˜ ·fiÎÏÈÛË˜, ÙfiÛÔ ÁÈ· ·˘Ùfi ÙÔ

˙Â˘Á¿ÚÈ ÌÂÁ·ÏÒÓÂÈ Ë Èı·ÓfiÙËÙ· Ó· ÌËÓ ·Ú·ÙËÚÂ›Ù·È Î·Ù¿ Ù‡¯Ë. °È· ·Ú¿‰ÂÈÁÌ· ·Ó

¤Ó· ˙Â˘Á¿ÚÈ ÂÚÈÌ¤ÓÔ˘ÌÂ Ó· ÙÔ ·Ú·ÙËÚ‹ÛÔ˘ÌÂ Î·Ù¿ Ù‡¯Ë 1/6 ÊÔÚ¤˜ Î·È ÙÔ

·Ú·ÙËÚÔ‡ÌÂ 1/2, ÌÂ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô Û Ó· Â›Ó·È ÌÈÎÚfi, ÙfiÙÂ Ï¤ÌÂ fiÙÈ ÙÔ ÁÂÁÔÓfi˜ ‰ÂÓ Â›Ó·È

Ù˘¯·›Ô.
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9 OÈ 60 ·ÏÏËÏÔ˘¯›Â˜ ÙÔ˘ Ù‡Ô˘ C2xC12XH4XH ÌÂÏÂÙ‹ıËÎ·Ó ÍÂ¯ˆÚÈÛÙ¿ Î·È Ù·
·ÔÙÂÏ¤ÛÌ·Ù· ·Ó·Ê¤ÚÔÓÙ·È ·Ú·Î¿Ùˆ.
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¶ÚÔÛ·ıÒÓÙ·˜ Ó· ·ÍÈÔÏÔÁ‹ÛÔ˘ÌÂ Ù· ‰Â‰ÔÌ¤Ó· ‰È·Ï¤Í·ÌÂ ÌfiÓÔ Ù· ˙Â‡ÁË Ô˘ Ô

ÏfiÁÔ˜ ÙË˜ Û¯ÂÙÈÎ‹˜ ÙÔ˘˜ Û˘¯ÓfiÙËÙ·˜ÚÔ˜ ÙËÓ Ù˘ÈÎ‹ ÙÔ˘˜ ·fiÎÏÈÛË Â›Ó·È ÌÂÁ·Ï‡ÙÂÚÔ˜

·Ô 2.5. A˘Ùfi Â›Ó·È ¤Ó· fiÚÈÔ Ô˘ ÂÈÏ¤Í·ÌÂ ÂÌÂÈÚÈÎ¿ ÂÍÂÙ¿˙ÔÓÙ·˜ ¤Ó· Â‡ÚÔ˜ ÙÈÌÒÓ,

·ÊÔ‡ Î¿Ùˆ ·fi ·˘Ùfi ÙÔ fiÚÈÔ ·Ú·ÙËÚÔ‡Û·ÌÂ ˙Â˘Á¿ÚÈ· Ô˘ ÂÌÊ·ÓÈ˙fiÙ·Ó ÂÏ¿¯ÈÛÙÂ˜

ÊÔÚ¤˜. ™ÙËÓ EÈÎ. 15 Ê·›ÓÔÓÙ·È Ù· ·ÓÙ›ÛÙÔÈ¯· ˙Â˘Á¿ÚÈ· Î·È ÔÈ ÙÈÌ¤˜ ÙÔ˘˜ ÁÈ· ÙÈ˜

·Ú·¿Óˆ ÔÛfiÙËÙÂ˜ ‚Ú›ÛÎÔÓÙ·È ÛÙÔÓ ¶ÈÓ. 5 

¶›Ó·Î·˜ 5
 ™¯ÂÙÈÎ¤˜ Û˘¯ÓfiÙËÙÂ˜ (R.O.) Î·È Ô ÏfiÁÔ˜ (R.O./e.s.d’s) ÁÈ· Ù· ˙Â‡ÁË 13-16, 16-19 Î·È 13-

19

ZÂ˘Á¿ÚÈ· ™¯ÂÙÈÎ‹ Û˘¯ÓfiÙËÙ· (R.O.) (R.O./e.s.d’s)
13-16

RE 2.03 3.17
QH 1.56 3.18
QN 1.55 4.30
QT 1.45 3.15
QD 1.44 2.82
RH 1.39 3.23
HS 1.39 2.78
RN 1.27 3.34

13-19

NR 2.83 3.04
RE 2.56 3.03
QL 1.78 2.82
SR 1.78 2.70
HK 1.76 2.93
QT 1.48 3.02
QQ 1.45 3.54
RK 1.43 3.18
RV 1.25 3.12

16-19

SN 2.90 2.68
EQ 2.82 3.03
EK 2.73 3.29
DK 2.46 2.64
NT 1.96 2.80
SR 1.49 3.46
NE 1.42 3.30
HR 1.35 3.29
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¶›Ó·Î·˜ 6

™¯ÂÙÈÎ¤˜ Û˘¯ÓfiÙËÙÂ˜ (R.O.) Î·È Ô ÏfiÁÔ˜ (R.O./e.s.dãs) ÁÈ· ÙÈ˜ ÙÚÈ¿‰Â˜ ÙˆÓ ı¤ÛÂˆÓ 

13-16-19

∆ÚÈ¿‰· ™¯ÂÙÈÎ‹ Û˘¯ÓfiÙËÙ· (R.O.) R.O./e.s.d’s

13-16-19

KSN 38.0 2.2

DEQ 24.0 2.2

REQ 9.9 2.2

REK 7.9 2.3

HEK 6.5 2.4

QNT 6.3 2.4

QEK 5.5 2.0

QDK 5.4 1.9

QHQ 4.5 2.3

Afi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ÁÈ· ÙËÓ ÙÚÈÏ¤Ù· 13-16-19 ·Ó·Ê¤ÚÔ˘ÌÂ, ÌÂ ÙÔ ›‰ÈÔ ÛÎÂÙÈÎfi

ÂÎÂ›ÓÂ˜ ÌÂ ÌÂÁ·Ï‡ÙÂÚË Û¯ÂÙÈÎ‹ Û˘¯ÓfiÙËÙ· (R.O.) Î·È ÌÂ ÙËÓ  ÌÈÎÚfiÙÂÚË Û¯ÂÙÈÎ¿ Ù˘ÈÎ‹

·fiÎÏÈÛË (¶›Ó. 6). H Û¯ÂÙÈÎ‹ Û˘¯ÓfiÙËÙ·, fiˆ˜ ¤¯ÂÈ ÔÚÈÛÙÂ› ·fi ÙËÓ (11) ÂÍ·ÚÙ¿Ù·È Î·È

·fi ÙÈ˜ Û˘¯ÓfiÙËÙÂ˜ Î¿ıÂ ·ÌÈÓÔÍ¤Ô˜ ¯ˆÚÈÛÙ¿. °È· ·Ú¿‰ÂÈÁÌ· ÔÈ ÙÚÈÏ¤ÙÂ˜ KSN, Î·È

DEQ ¤¯Ô˘Ó Û¯ÂÙÈÎ¿ ̆ „ËÏ¤˜ ÙÈÌ¤˜ R.O. ÁÈ·Ù› Ù· ·ÓÙ›ÛÙÔÈ¯· ·ÌÈÓÔÍ¤· ÛÙÈ˜ ı¤ÛÂÈ˜ 13, 16

Î·È 19 ¤¯Ô˘Ó ¯·ÌËÏ¤˜ Û¯ÂÙÈÎ¤˜ Û˘¯ÓfiÙËÙÂ˜. EÓÒ ÔÈ ˘fiÏÔÈÂ˜ ¤¯Ô˘Ó ·ÌÈÓÔÍ¤· Ô˘

·Ú·ÙËÚÔ‡ÓÙ·È Û˘¯ÓÒÙÂÚ· ÛÙÈ˜ ı¤ÛÂÈ˜ 13, 16 Î·È 19 Î·È ·˘Ùfi ÂÏ·ÙÙÒÓÂÈ ÙËÓ ÙÈÌ‹ ÙË˜

Û¯ÂÙÈÎ‹˜ ÙÔ˘˜ Û˘¯ÓfiÙËÙ·˜. E›Ó·È fiÌˆ˜ ÂÍ›ÛÔ˘ ÛËÌ·ÓÙÈÎ¤˜ ·ÊÔ‡ Ô ÏfiÁÔ˜ ÙÔ˘˜

R.O./e.s.dãs Â›Ó·È ˘„ËÏfi˜. Ÿˆ˜ ·Ú·ÙËÚÔ‡ÌÂ fiÏÂ˜ ÔÈ ÙÚÈÏ¤ÙÂ˜ ÂÎÙfi˜ ·fi Ì›·, ÙËÓ

KSN, ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙÔ˘Ï¿¯ÈÛÙÔÓ ‰‡Ô ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜ ÌÂ ·ÚfiÌÔÈÔ Ì‹ÎÔ˜. A˘Ùfi

Â›Ó·È ÔÏ‡ ÛËÌ·ÓÙÈÎfi, Î·È ÂÓÈÛ¯‡ÂÈ ¿ÌÂÛ· ÙËÓ ˘fiıÂÛË fiÙÈ Û¯ÂÙÈÎ¿ ÌÂ ÙÔ Ì‹ÎÔ˜ ÙˆÓ

·ÌÈÓÔÍ¤ˆÓ ÔÈ ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ ÙÔÔıÂÙÔ‡ÓÙ·È ·Ó¿ÏÔÁ· ÚÔ˜ ÙÔ DNA. K¿ÙÈ Ù¤ÙÔÈÔ

·Ú·ÙËÚ‹Û·ÌÂ Î·È ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Ô˘ ¯ÚÂÈ¿ÛÙËÎÂ Û¯ÂÙÈÎ‹ ÌÂÙ·ÙfiÈÛË ÙˆÓ

‰·ÎÙ‡ÏˆÓ 4 Î·È 6, ÚÔ˜ ÙÔ DNA. E›ÛË˜ ˘¿Ú¯Ô˘Ó ÔÚÈÛÌ¤Ó· ˙Â˘Á¿ÚÈ· Î·È ·fi ÙÔ˘˜

ÙÚÂ›˜ Û˘Ó‰˘·ÛÌÔ‡˜ Ô˘ ‰ÂÓ ··ÓÙÒÓÙ·È ÛÙÈ˜ ÙÚÈÏ¤ÙÂ˜ 13-16-19. °È· ·Ú¿‰ÂÈÁÌ· Ù·

˙Â‡ÁË RN, HS, HQ ÁÈ· ÙÈ˜ ı¤ÛÂÈ˜ 13-16, Ù· QT, RE, HK, ÁÈ· ÙÈ˜ 13-19 Î·È Ù· NE, SR,

HR, ÁÈ· ÙÈ˜ 16-19 Â›Ó·È ÌÂÚÈÎ¿ ·fi ·˘Ù¿. A˘Ùfi Û˘Ì‚·›ÓÂÈ ›Ûˆ˜ ÁÈ·Ù› fiÙ·Ó ‰‡Ô ˙Â‡ÁË

Û˘Ó‰˘¿˙ÔÓÙ·È, ·fi ÌfiÓ· ÙÔ˘˜, ‰ÂÓ Â›Ó·È ·Ó·ÁÎ·›Ô Ó· Û˘Ó‰˘¿˙ÔÓÙ·È Î·È ÌÂÙ·Í‡ ÙÔ˘˜. 
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III.II.2 ™Ù·ÙÈÛÙÈÎ‹ ÁÈ· ÙÈ˜ ˘fiÏÔÈÂ˜ ı¤ÛÂÈ˜ ÙË˜ ¤ÏÈÎ·˜

H ı¤ÛË 14 Î·Ù·Ï·Ì‚¿ÓÂÙ·È Î˘Ú›ˆ˜ ·fi ÙÚ›· ·ÌÈÓÔÍ¤·, Ï˘Û›ÓË, ÛÂÚ›ÓË, ·ÚÁÈÓ›ÓË,

Î·È ·fi ÚÔÏ›ÓË ÛÂ ÔÛÔÛÙfi 7% (EÈÎ. 16). A˜ ÛËÌÂÈˆıÂ› fiÙÈ Â›Ó·È Ë ÌfiÓË ı¤ÛË, ÙË˜

¤ÏÈÎ·˜ Ô˘ Û˘Ó·ÓÙ¿ÌÂ ·˘Ùfi ÙÔ ·ÌÈÓÔÍ‡ ÛÂ ÙfiÛÔ ÌÂÁ¿ÏÔ ÔÛÔÛÙfi. ™ÙÈ˜ ̆ fiÏÔÈÂ˜ ı¤ÛÂÈ˜

Ù· ÔÛÔÛÙ¿ ÙÔ˘ Î˘Ì·›ÓÔÓÙ·È ÂÚ›Ô˘ ÛÂ 1%-2%. A˘Ùfi Â›Ó·È ·Ó·ÌÂÓfiÌÂÓÔ ·ÊÔ‡ Ë

ÚÔÏ›ÓË ‰ÂÓ Û˘Ó·ÓÙ¿Ù·È Û˘¯Ó¿ Ì¤Û· ÛÂ ¤ÏÈÎÂ˜, ÁÈ·Ù› ÙÈ˜ ÙÛ·Î›˙ÂÈ. ™˘ÓÂÒ˜ ı· ‹Ù·Ó

Ì¿ÏÏÔÓ ·›ı·ÓÔ Ó· ÙËÓ Û˘Ó·ÓÙÔ‡Û·ÌÂ ÛÂ ˘„ËÏ¿ ÔÛÔÛÙ¿ ÛÙÈ˜ ˘fiÏÔÈÂ˜ ı¤ÛÂÈ˜ ÙË˜

¤ÏÈÎ·˜ (Richardson & Richardson). H ı¤ÛË 14 fiÌˆ˜ ‚Ú›ÛÎÂÙ·È ÌfiÏÈ˜ ÛÙËÓ ·Ú¯‹ ÙË˜

¤ÏÈÎ·˜ ÛÂ ÌÈ· ı¤ÛË Û˘Ì‚·Ù‹ ÁÈ· ·˘Ù‹Ó, ¯ˆÚ›˜ Ó· ÚÔÎ·ÏÂ› Î¿ÔÈÔ È‰È·›ÙÂÚÔ ÙÛ¿ÎÈÛÌ·

(Richardson & Richardson).

E›Ó·È ·ÍÈÔÛËÌÂ›ˆÙÔ fiÙÈ fiÙ·Ó ˘¿Ú¯ÂÈ ÚÔÏ›ÓË Û’ ·˘Ù‹Ó ÙËÓ ı¤ÛË, ÛÙÈ˜ ̆ fiÏÔÈÂ˜

Û˘Ó·ÓÙÔ‡ÌÂ Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤·. H ÛÙ·ÙÈÛÙÈÎ‹ ¤‰ÂÈÍÂ ÛÁÎÂÎÚÈÌ¤Ó· fiÙÈ ÛÙÈ˜ ı¤ÛÂÈ˜

13, 16 Î·È 19 ÚÔÙÈÌÔ‡ÓÙ·È Ù· R, E, Î·È K ·ÓÙ›ÛÙÔÈ¯· fiÙ·Ó ÛÙË ı¤ÛË 14 ˘¿Ú¯ÂÈ

ÚÔÏ›ÓË (‰Â˜ ¶ÈÓ. 7 ÛÙÔ ¶APAPTHMA). E›ÛË˜ ¤Ó·˜ ‰¿ÎÙ˘ÏÔ˜ „Â˘‰·ÚÁ‡ÚÔ˘ ·fi ÙÔÓ

·Ú·¿Óˆ ›Ó·Î· ·Ó·Ê¤ÚÂÙ·È fiÙÈ ‰¤ÓÂÙ·È ÛÙËÓ ·ÏÏËÏÔ˘¯›· DNA 5ã-GGGACTTTCC-

3ãÔ˘ ¤¯ÂÈ ‚ÚÂıÂ› ÛÂ ˘ÔÎÈÓËÙ¤˜ (prÔmotors) ·fi ÈÔ‡˜, fiˆ˜ Ô Èfi˜ ·ÓıÚÒÈÓË˜

·ÓÔÛÔÂ¿ÚÎÂÈ·˜ (HIV-1), Ô SV40, Î·È Ô CMV. O ÏfiÁÔ˜ Ô˘ Ë ÚÔÏ›ÓË Û˘Ó‰˘¿˙ÂÙ·È ÌÂ

Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜  ÛÙÈ˜ ı¤ÛÂÈ˜ ÙË˜ ¤ÏÈÎ·˜, Â›Ó·È ›Ûˆ˜ ÁÈ·Ù› ‰ËÌÈÔ˘ÚÁÂ›
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ÌÈ· Û˘ÁÎÂÎÚÈÌ¤ÓË ÁÂˆÌÂÙÚ›· ÛÙËÓ ÂÚÈÔ¯‹. 

H ÛÙ·ÙÈÛÙÈÎ‹ ÁÈ· Ù· ˙Â‡ÁË ÙË˜ ı¤ÛË˜ 14 ¤‰ÂÈÍÂ fiÙÈ Ù· ÚÔÙÈÌËÙ¤·, Â›Ó·È ÌÂ

·ÌÈÓÔÍ¤· fiˆ˜ Ë Ï˘Û›ÓË Ë ·ÚÁÈÓ›ÓË Î·È ÛÂÚ›ÓË. ™ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268 Ë ÛÂÚ›ÓË ÛÙÔ

‰¿ÎÙ˘ÏÔ 3 Ô˘ ‚Ú›ÛÎÂÙ·È ÛÂ ·˘Ù‹Ó ÙË ı¤ÛË Û¯ËÌ·Ù›˙ÂÈ ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÔ ÛÎÂÏÂÙfi

ÙË˜ ‰Â˘ÙÂÚÂ‡Ô˘Û·˜ ·Ï˘Û›‰·˜ ÙÔ˘ DNA, Î·È ÛÙÔ˘˜ ˘fiÏÔÈÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜ ·Ó¿ÏÔÁ·

·ÌÈÓÔÍ¤· Û’ ·˘Ù‹Ó ÙËÓ ı¤ÛË Û¯ËÌ·Ù›˙Ô˘Ó ‰ÂÛÌÔ‡˜ ÌÂ ÙÔ ÛÎÂÏÂÙfi ÙÔ˘ DNA, ¤ÌÌÂÛ· Ì¤Ûˆ

ÙÔ˘ ‰È·Ï‡ÙË (solvent). ™ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Ë Ï˘Û›ÓË ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ 5 Û˘ÌÂÚÈÊ¤ÚÂÙ·È

·Ó¿ÏÔÁ·. A˘Ù‹ Ë ı¤ÛË ÏÔÈfiÓ Â›Ó·È ÛÂ ı¤ÛË Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ ÌÂ ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA,

Â›ÙÂ ¿ÌÂÛ· Â›ÙÂ Ì¤Ûˆ ÙÔ˘ ‰È·Ï‡ÙË. Ÿˆ˜ Ê·›ÓÂÙ·È Î·È ·fi ÙËÓ EÈÎ. 16 Ë Ï˘Û›ÓË Î·È Ë

·ÚÁÈÓ›ÓË Î˘ÚÈ·Ú¯Ô‡Ó ÛÂ ·˘Ù‹Ó ÙËÓ ı¤ÛË Ô˘ ÏfiÁˆ ÙÔ˘ ıÂÙÈÎÔ‡ ÙÔ˘˜ ÊÔÚÙ›Ô˘, Â›Ó·È

¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ·ÌÈÓÔÍ¤· ÁÈ· Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ (Richardson &

Richardson). 

H ı¤ÛË 15 Î·Ù·Ï·Ì‚¿ÓÂÙ·È ÛÂ ÔÛÔÛÙfi ÂÚ›Ô˘ 60% ·fi ÛÂÚ›ÓË (EÈÎ. 17). OÈ

‰ÈÏ¤ÙÂ˜ ÌÂ ÙËÓ ı¤ÛË 13 ‰Â›¯ÓÔ˘Ó Ù· ÂÍ‹˜:

ZÂ‡ÁÔ˜ R.O. R.O./e.s.dãs

13-15

QS 1.1 6.8

RS 1.1 5.2
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EÎÙfi˜ ·fi ÙËÓ ˙Â˘Á¿ÚÈ RD Ô˘ ‰Â›¯ÓÂÈ ˘„ËÏ‹ ÚÔÙ›ÌËÛË ÁÈ· ·˘Ù¤˜ ÙÈ˜ ı¤ÛÂÈ˜,

˘¿Ú¯Ô˘Ó Î·È ÌÂÚÈÎÔ› ¿ÏÏÔÈ Û˘Ó‰˘·ÛÌÔ› Ô˘ ÚÔÙÈÌÔ‡ÓÙ·È, fiˆ˜ ÙÔ ˙Â˘Á¿ÚÈ QS ‹ ÙÔ

RS. O ÏfiÁÔ˜ Ô˘ Ë ÙÈÌ‹ ÙË˜ Û¯ÂÙÈÎ‹˜ ÙÔ˘˜ Û˘¯ÓfiÙËÙ·˜ Â›Ó·È ÌÈÎÚfi˜ Â›Ó·È ÁÈ·Ù› Ë ÛÂÚ›ÓË

Â›Ó·È Î·Ù¿ 60% Û˘ÓÙËÚËÌ¤ÓË, ÛÙËÓ ı¤ÛË 15 Î·È ·˘Ùfi ÌÂÈÒÓÂÈ ÛËÌ·ÓÙÈÎ¿ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô

ÓÔ‡ÌÂÚÔ, ÁÈ· ÙÔ˘˜ ÏfiÁÔ˘˜ Ô˘ ¤¯Ô˘ÌÂ ÚÔ·Ó·Ê¤ÚÂÈ. OÈ ÙÈÌ¤˜ fiÌˆ˜ ÙÔ˘ ÏfiÁÔ˘

R.O./e.s.d.’s, Â›Ó·È ·ÚÎÂÙ¿ „ËÏ¤˜ Î¿ÙÈ Ô˘ Â›Ó·È ÂÓ‰ÂÈÎÙÈÎfi. ™ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268

ÌÂÙÚ‹Û·ÌÂ ÙËÓ ·fiÛÙ·ÛË ÌÂÙ·Í‡ ÙÔ˘ CÁ ÙÔ˘ ·Û·ÚÙÈÎÔ‡ ÔÍ¤Ô˜ (Asp20) Î·È ÙÔ˘ N· ÙË˜

·ÚÁÈÓ›ÓË˜ (Arg20) Ô˘ Â›Ó·È 3.7 Angstroem. TÔ ÔÍ˘ÁfiÓÔ, ÙË˜ ÏÂ˘ÚÈÎ‹˜ ·Ï˘Û›‰·˜ ÙË˜

ÛÂÚ›ÓË˜ Â›Ó·È ÈÔ Â˘¤ÏÈÎÙÔ Û’ ·˘Ù‹Ó ÙËÓ ı¤ÛË Î·È Ì¿ÏÏÔÓ ı· ÌÔÚÂ› Ó· ‰ËÌÈÔ˘ÚÁ‹ÛÂÈ

‰ÂÛÌfi ˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÔ N· ÙË˜ ·ÚÁÈÓ›ÓË˜. °ÂÓÈÎ¿ Î¿ÙÈ Ù¤ÙÔÈÔ ¤¯ÂÈ ·Ú·ÙËÚËıÂ› ·ÚÎÂÙ¤˜

ÊÔÚ¤˜ ÛÂ Ï˘Ì¤ÓÂ˜ ÚˆÙÂ˝ÓÂ˜ (Richardson & Richardson). MÂ ·Ó¿ÏÔÁÔ ÙÚfiÔ Ë ÛÂÚ›ÓË ı·

ÌÔÚÔ‡ÛÂ Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ Î·È ÌÂ ÙËÓ ÏÂ˘ÚÈÎ‹ ·Ï˘ÛÈ‰· ÙË˜ ÁÏÔ˘Ù·Ì›ÓË˜.

MÂÙ¿ ·fi ·˘Ù¿ Û˘ÌÂÚ·›ÓÔ˘ÌÂ fiÙÈ ·˘Ù‹ Ë ı¤ÛË Ú¤ÂÈ Ó· ·›˙ÂÈ ‰ÈÏfi ÚfiÏÔ. N·

ÛÙ·ıÂÚÔÔÈÂ› ÌÂ ‰ÂÛÌÔ‡˜ ̆ ‰ÚÔÁfiÓÔ˘ ÌÈ· ÌÂÁ¿ÏË ÏÂ˘ÚÈÎ‹ ·Ï˘Û›‰· ÛÙËÓ ı¤ÛË 13, ‹ Ó·

·ÏÏËÏÂÈ‰Ú¿ ÂÈ‰ÈÎ¿ ÌÂ ‚¿ÛÂÈ˜ ·fi ÙËÓ ‰Â˘ÙÂÚÂ‡Ô˘Û· ·Ï˘Û›‰· ÙÔ˘ DNA. H ÚÒÙË

ÂÎ‰Ô¯‹ ¤¯ÂÈ ·Ú·ÙËÚËıÂ› ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268, Î·È Â›ÛË˜ ˘¿Ú¯Ô˘Ó ÔÈ ·Ó¿ÏÔÁÂ˜

ÂÓ‰Â›ÍÂÈ˜ ·fi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË. H ‰Â‡ÙÂÚË ¤¯ÂÈ ·Ú·ÙËÚËıÂ› ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘

CF2 ÛÙÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜ 5 Î·È 6, Î·È ÂÓÈÛ¯‡ÂÙ·È ÛËÌ·ÓÙÈÎ¿ Î·È ·fi Ù· ÂÈÚ¿Ì·Ù·

ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ (¶ÈÓ. 3). E›ÛË˜ ·fi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ·Ú·ÙËÚ‹Û·ÌÂ Î¿ÔÈÔ ÔÛÔÛÙfi

·fi ‰·ÎÙ‡ÏÔ˘˜ Ô˘ Â›¯Â Ù·˘Ùfi¯ÚÔÓ· ÛÂ ‰‡Ô ·fi ÙÈ˜ ÙÚÂ›˜ ı¤ÛÂÈ˜ 13,16,19, ˘‰ÚfiÊÔ‚·

·ÌÈÓÔÍ¤·, fiˆ˜ Î˘ÛÙÂ˝ÓË, ‚·Ï›ÓË, ·Ï·Ó›ÓË, ÁÏ˘Î›ÓË, ÏÂ˘Î›ÓË Î.Ï.. T· ·Ú·¿Óˆ ‰ÂÓ

ÌÔÚÔ‡Ó Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó, ÏfiÁˆ ·˘ÙÔ‡ ÙÔ˘ ÁÂÁÔÓfiÙÔ˜ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. ™’

·˘Ù‹Ó ÙËÓ ÂÚ›ÙˆÛË Ë ı¤ÛË 15 Î·Ù·Ï·Ì‚¿ÓÂÙ·È ÛÂ ÔÛÔÛÙfi 85% ·fi ˘‰ÚfiÊÈÏÂ˜

ÏÂ˘ÚÈÎ¤˜ ·Ï˘Û›‰Â˜, fiˆ˜ Ë ÛÂÚ›ÓË, Ë ·Û·Ú·Á›ÓË, Ë Ù˘ÚÔÛ›ÓË, Î.Ï.. K¿ÙÈ ·Ó¿ÏÔÁÔ

Û˘Ì‚·›ÓÂÈ Î·È ÛÙÔÓ ‰¿ÎÙ˘ÏÔ 6 ÙÔ˘ CF2 fiÔ˘ ÔÈ ı¤ÛÂÈ˜ 16 Î·È 19 Î·Ù·Ï·Ì‚¿ÓÔÓÙ·È ·fi

·Ï·Ó›ÓË Î·È ‚·Ï›ÓË ·ÓÙ›ÛÙÔÈ¯·, ÂÓÒ Ë ı¤ÛË 15 ·fi ÛÂÚ›ÓË Ô˘ ‚¿ÛÂÈ ÙÔ˘ ÌÔÓÙ¤ÏÔ˘

·ÏÏËÏÂÈ‰Ú¿ ÂÈ‰ÈÎ¿ ÌÂ ÙÔ DNA. K¿ÙÈ Ù¤ÙÔÈÔ ̆ Ô‰ÂÈÎÓ‡ÂÙ·È Î·È ·fi Ù· ·ÔÙÂÏ¤ÛÌ·Ù·

ÙË˜ ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ (¶ÈÓ. 3). ŸÏ· ·˘Ù¿ ·Ó·‰ÂÈÎÓ‡Ô˘Ó ÙÔÓ ÛËÌ·ÓÙÈÎfi ÚfiÏÔ ·˘Ù‹˜ ÙË˜

ı¤ÛË˜ ÛÙË ·Ó·ÁÓÒÚÈÛË ÙÔ˘ DNA ÛÙfi¯Ô˘.

H ı¤ÛË 17 Â›Ó·È ÔÏ‡ Î·Ï¿ Û˘ÓÙËÚËÌ¤ÓË ÛÂ ÔÛÔÛÙfi 89% ·fi ÏÂ˘Î›ÓË Î·È 5%

·fi Ê·ÈÓ˘Ï·Ï·Ó›ÓË (EÈÎ. 18). A˘Ùfi Û˘Ì‚·›ÓÂÈ ›Ûˆ˜ ÁÈ·Ù› ÂÍ˘ËÚÂÙÂ› ‰ÔÌÈÎÔ‡˜ ÛÎÔÔ‡˜

‰ËÌÈÔ˘ÚÁÒÓÙ·˜ ¤Ó· ˘‰ÚfiÊÔ‚Ô ˘Ú‹Ó· ÛÙÔ ÂÛˆÙÂÚÈÎfi ÙˆÓ ‰·ÎÙ‡ÏˆÓ (Pavletich and Pabo

1991). ŒÓ· ÂÚÒÙËÌ· Ô˘ ›Ûˆ˜ ÚÔÎ‡ÙÂÈ Â‰Ò Â›Ó·È, ÁÈ·ÙÈ Û˘Ó·ÓÙ¿ÌÂ ÌfiÓÔ ÙËÓ ÏÂ˘Î›ÓË

Û’ ·˘Ù‹Ó ÙËÓ ı¤ÛË, Î·È fi¯È Î·È Î¿ÔÈÔ ¿ÏÏÔ ̆ ‰ÚfiÊÔ‚Ô ·ÌÈÓÔÍ‡; H ·¿ÓÙËÛË Â›Ó·È ÁÈ·Ù›

Ì¿ÏÏÔÓ Ë ÏÂ˘Î›ÓË ÁÈ· ÁÂˆÌÂÙÚÈÎÔ‡˜ ÏfiÁÔ˘˜ (ÁÈ· ·Ú¿‰ÂÈÁÌ· ÏfiÁÔÈ ÌÂÁ¤ıÔ˘˜ Î·È

ÛÙÂÚÂÔ‰È¿Ù·ÍË˜, ·ÊÔ‡ Ô ¯ÒÚÔ˜ fiÔ˘ ÙÔÔıÂÙÂ›Ù·È Ë Û˘ÁÎÂÎÚÈÌ¤ÓË ÏÂ˘ÚÈÎ‹ ·Ï˘Û›‰·, ÙÔ
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˘‰ÚfiÊÔ‚Ô ÂÛˆÙÂÚÈÎfi ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ‰ËÏ·‰‹ Â›Ó·È Û˘ÁÎÂÎÚÈÌ¤ÓÔ˜) Â›Ó·È

È‰·ÓÈÎ‹ ÁÈ· ·˘Ù‹Ó ÙËÓ ı¤ÛË ÛÂ ·ÓÙ›ıÂÛË ÌÂ Î¿ÔÈÔ ¿ÏÏÔ ·ÌÈÓÔÍ‡, fiˆ˜ ÁÈ·

·Ú¿‰ÂÈÁÌ·Ë ÈÛÔÏÂ˘Î›ÓË Ô˘ ¤¯ÂÈ ‰È·ÊÔÚÂÙÈÎ‹ ÛÙÂÚÂÔ‰È¿Ù·ÍË. 

H ı¤ÛË 18 Î·Ù·Ï·Ì‚¿ÓÂÙ·È ÛÂ ÌÂÁ·Ï‡ÙÂÚ· ÔÛÔÛÙ¿ ·fi ÙËÓ ıÚÂÔÓ›ÓË, ÙËÓ

Ï˘Û›ÓË, ÙËÓ ·Û·Ú·Á›ÓË, Î·È ·fi ÌÂÚÈÎ¿ ˘‰ÚfiÊÔ‚· ·ÌÈÓÔÍ¤· fiˆ˜ Ë ÈÛÔÏÂ˘Î›ÓË Î·È Ë

‚·Ï›ÓË (EÈÎ. 19). A˘Ùfi Â›ÛË˜ ·Ú·ÙËÚÂ›Ù·È Î·È ÛÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ÁÈ· Ù· ˙Â˘Á¿ÚÈ· ·˘Ù‹˜

ÙË˜ ı¤ÛË˜. O ÚÔÛ·Ó·ÙÔÏÈÛÌfi˜ ÙË˜ ı¤ÛË˜ 18 Â›Ó·È ÚÔ˜ ÙÔ ‰È·Ï‡ÙË Î·È fi¯È ÚÔ˜ ÙÔ DNA. 

47



°È· ·˘Ù‹Ó ÙËÓ ÔÈÎÔÁ¤ÓÂÈ· ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÔÈ ı¤ÛÂÈ˜ 14 ‹ 18 Ì¿ÏÏÔÓ, ‰ÂÓ

Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA ·ÎfiÌ· Î·È ·Ó

Î·Ù·Ï·Ì‚¿ÓÔÓÙ·È ·fi ÔÏ‡ Ì·ÎÚÈ¤˜ ·Ï˘Û›‰Â˜ fiˆ˜ Ë Ï˘Û›ÓË. ™’ ·˘Ùfi ÙÔ Û˘Ì¤Ú·ÛÌ·

Î·Ù·Ï‹Í·ÌÂ ÂÍÂÙ¿˙ÔÓÙ·˜ ÚÔÛÂÎÙÈÎ¿ ·˘Ù¤˜ ÙÈ˜ ı¤ÛÂÈ˜ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268 Î·È ÙÔ˘

CF2 Â›ÛË˜.

∂‰Ò ·Í›˙ÂÈ, Ó· ÛËÌÂÈˆıÂ› fiÙÈ, Û˘ÁÎÚ›ÓÔÓÙ·˜ ÙÔ˘˜ ·Ú·¿Óˆ ·ÚÈıÌÔ‡˜

Û˘¯ÓÔÙ‹ÙˆÓ (occurences) ÁÈ· ÙÈ˜ ı¤ÛÂÈ˜ 13-19 ÙË˜ ·-¤ÏÈÎ·˜ ÌÂ Ù· ·ÓÙ›ÛÙÔÈ¯· Ô˘

·Ú·ÙËÚÔ‡ÓÙ·È ÛÙÈ˜ ·-¤ÏÈÎÂ˜ ÛÂ ‰È¿ÊÔÚÂ˜ ÚˆÙÂÈÓÂ˜ (Richardson & Richardson, 1988)

·Ú·ÙËÚÔ‡ÌÂ Ù· ÂÍ‹˜: ÁÈ· ÙÈ˜ ı¤ÛÂÈ˜ Ô˘ ¤¯Ô˘Ó Î·ıÔÚÈÛÌ¤ÓÔ ÏÂÈÙÔ˘ÚÁÈÎfi ÚfiÏÔ (.¯. 13,

16, Î·È, 19) ÔÈ Û˘¯ÓfiÙËÙÂ˜ ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ, ÛÙÈ˜ ‰‡Ô Î·Ù·ÓÔÌ¤˜ ‰ÂÓ Û˘ÌÊˆÓÔ‡Ó Î¿ÙÈ Ô˘

Â›Ó·È Î·È ·Ó·ÌÂÓfiÌÂÓÔ ·ÊÔ‡ Û_ ·˘Ù¤˜ Ú¤ÂÈ Ó· ˘¿Ú¯Ô˘Ó Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤· ÁÈ·

Á· ÌÔÚ¤ÛÔ˘Ó Á· ÂÈÙÂÏ¤ÛÔ˘Ó ÙÔÓ ÚfiÏÔ ÙÔ˘˜. ∞Ó¿ÏÔÁ· Û˘Ì‚·›ÓÂÈ Î·È ÁÈ· ÙÈ˜ ı¤ÛÂÈ˜ 15 ‹

14 Ô˘ ÂÌÏ¤ÎÔÓÙ·È, ¤ÌÂÛÛ· ÛÙËÓ ‰ÈÂÚÁ·Û›· ·Ó·ÁÓÒÚÈÛË˜ ÙÔ˘ DNA. °È· ÙÈ˜ ı¤ÛÂÈ˜ 17 ‹

18, Ô˘ Ô ÚfiÏÔ˜ ÙÔ˘˜ Â›Ó·È, ÂÚÈÛÛfiÙÂÚÔ ‰ÔÌÈÎfi˜ Ù· ÔÛÔÛÙ¿ Û˘ÌÊˆÓÔ‡Ó ÂÚÈÛÛfiÙÂÚÔÈ

Â›ÛË˜ ÙÔ fiÙÈ, Û˘Ó·ÓÙÔ‡ÌÂ ÚÔÏ›ÓË ÌfiÓÔ ÛÙËÓ ı¤ÛË 14 ·Ú·ÙËÚÂ›Ù·È ÁÂÓÈÎ¿ ÛÙÈ˜ ·-¤ÏÈÎÂ˜

ÛÂ ·ÚfiÌÔÈ· ÔÛÔÛÙ¿ (Richardson & Richardson, 1988).

III.II.3 ™Ù·ÙÈÛÙÈÎ‹ ÁÈ· ÙËÓ ˘fiÏÔÈË ·ÏÏËÏÔ˘¯›· ÙˆÓ ‰·ÎÙ‡ÏˆÓ

„Â˘‰·ÚÁ‡ÚÔ˘

AÚ¯ÈÎ¿ ÌÂÏÂÙ‹Û·ÌÂ ÛÙ·ÙÈÛÙÈÎ¿ ÙËÓ ·ÏÏËÏÔ˘¯›· ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ ÌÂÙ·Í‡ ÙˆÓ

‰·ÎÙ‡ÏˆÓ, GEKP. ¶·Ú·ÙËÚ‹Û·ÌÂ fiÙÈ Â›Ó·È ·ÚÎÂÙ¿ Î·Ï¿ Û˘ÓÙËÚËÌ¤ÓË (EÈÎ. 20). ¶ÈÔ

Û˘ÁÎÂÎÚÈÌ¤Ó· Ë ÁÏ˘Î›ÓË ··ÓÙ¿Ù·È ÛÂ ÔÛÔÛÙfi 75%, ÙÔ ÁÏÔ˘Ù·ÌÈÎfi ÔÍ‡ ÛÂ 72%, Ë

Ï˘Û›ÓË ÛÂ 74%, Î·È Ë ÚÔÏ›ÓË ÛÂ 80%. Y¿Ú¯Ô˘Ó Î¿ÔÈÔÈ ÏfiÁÔÈ ÁÈ· ÙËÓ Û˘ÓÙ‹ÚËÛË ÙË˜

Û˘ÁÎÂÎÚÈÌ¤ÓË˜ ·ÏÏËÏÔ˘¯›·˜. H ÁÏ˘Î›ÓË ‚Ú›ÛÎÂÙ·È ÂÎÂ› ÂÍ·ÈÙ›·˜ ÙÔ˘ Û˘ÁÎÂÎÚÈÌ¤ÓÔ˘

‰ÔÌÈÎÔ‡ ÚÔÙ‡Ô˘ ÌÂ ÙÔ ÔÔ›Ô ÙÂÚÌ·Ù›˙ÂÙ·È Ë ·-¤ÏÈÎ·, ÁÓˆÛÙ‹ Î·È ˆ˜ “‰ÔÌ‹ Û˘Ó‰ÂÙ‹Ú·”

(c-capping) (Pavletich and Pabo, 1991). H ‰È·ÌfiÚÊˆÛË ·˘Ù‹ Â›Ó·È ÔÏ‡ ¯·Ú·ÎÙËÚÈÛÙÈÎ‹

Î·È ··ÈÙÂ› ÛÙËÓ ı¤ÛË ·˘Ù‹ ÁÏ˘Î›ÓË ·ÊÔ‡ ÌÔÚÂ› Ó· ¿ÚÂÈ ıÂÙÈÎ¤˜ ÙÈÌ¤˜ ÁÈ· ÙËÓ ‰›Â‰ÚË

ÁˆÓ›· Ê (Richardson & Richardson).

H ÚÔÏ›ÓË Â›ÛË˜ Â›Ó·È ÔÏ‡ Î·Ï¿ Û˘ÓÙËÚËÌ¤ÓË, Î·È ¤Ó·˜ Èı·Ófi˜ ÏfiÁÔ˜ ÁÈ·

·˘Ùfi Â›Ó·È ÁÈ·Ù› ‰ËÌÈÔ˘ÚÁÂ› ÌÈ· van der Waals ·ÏÏËÏÂ›‰Ú·ÛË ÌÂ ÙËÓ ÂfiÌÂÓË ÏÂ˘ÚÈÎ‹

·Ï˘Û›‰· Ô˘ Â›Ó·È ·ÚˆÌ·ÙÈÎfi˜ ‰·ÎÙ‡ÏÈÔ˜ ÛÂ ÔÛÔÛÙfi 88% (Ù˘ÚÔÛ›ÓË ‹

Ê·ÈÓ˘Ï·ÏÏ·Ó›ÓË). A˘Ù‹ Ë ·ÏÏËÏÂ›‰Ú·ÛË Â›Ó·È Î·ıÔÚÈÛÙÈÎ‹ ·ÊÔ‡ fiˆ˜ ¤¯ÂÈ ·Ó·ÊÂÚıÂ›

Î·È ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268 ÂÚÈÔÚ›˙ÂÈ ÙÈ˜ ‰˘Ó·Ù¤˜ ‰È·Ù¿ÍÂÈ˜ ÛÙÔÓ ¯ÒÚÔ, ÙË˜ ·Ú¯‹˜ ÙÔ˘

‰·ÎÙ‡ÏÔ˘. T· ¿ÏÏ· ‰‡Ô ·ÌÈÓÔÍ¤·, ÙÔ ÁÏÔ˘Ù·ÌÈÎfi ÔÍ‡ Î·È Ë Ï˘Û›ÓË, ‰ÂÓ ·ÏÏËÏÂÈ‰ÚÔ‡Ó

Ô‡ÙÂ ÌÂ ÙÔ DNA ·ÏÏ¿ Ô‡ÙÂ Î·È ÌÂ ÙËÓ ÚˆÙÂ˝ÓË (Pavletitc and Pabo 1991). ¶Èı·ÓfiÓ ‰ÂÓ
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·›˙Ô˘Ó Î¿ÔÈÔ È‰È·›ÙÂÚÔ ‰ÔÌÈÎfi ‹ ÏÂÈÙÔ˘ÚÁÈÎfi ÚfiÏÔ.

™˘ÌÏËÚˆÌ·ÙÈÎ¿ ÂÍÂÙ¿Û·ÌÂ Î·È ÙÈ˜ ‰˘Ó·Ù¤˜ ‰È·ÌÔÚÊÒÛÂÈ˜ ·˘Ù‹˜ ÙË˜

·ÏÏËÏÔ˘¯›·˜ ÛÂ Ï˘Ì¤ÓÂ˜ ÚˆÙÂ˝ÓÂ˜ ÛÙËÓ ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ Nrl_3d. AÚ¯ÈÎ¿ „¿Í·ÌÂ

¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ÙËÓ ÚÔ˘Ù›Ó· FASTA, ÙÔ˘ ·Î¤ÙÔ˘ ÚÔÁÚ·ÌÌ¿ÙˆÓ GCG ÁÈ· ÙËÓ

·ÏÏËÏÔ˘¯›· ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ GEKP. ¢ÂÓ ‚Ú‹Î·ÌÂ ·˘ÙÔ‡ÛÈ· ÙËÓ ·ÏÏËÏÔ˘¯›· Î·È ¤Ó·˜

ÏfiÁÔ˜ ÁÈ· ·˘Ùfi Â›Ó·È fiÙÈ ‰ÂÓ Â›Ó·È Î·Ù·¯ˆÚËÌ¤ÓÔ˜ Î·Ó¤Ó·˜ ‰¿ÎÙ˘ÏÔ˜ „Â˘‰·ÚÁ‡ÚÔ˘ ÛÙËÓ

·Ú·¿Óˆ ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ. BÚ‹Î·ÌÂ fiÌˆ˜ ÔÌfiÏÔÁÂ˜ ·ÏÏËÏÔ˘¯›Â˜, fiÔ˘ ¤Ó· ‹ ÙÔ ÔÏ‡

‰‡Ô ·ÌÈÓÔÍ¤· ÌÂÙ·‚¿ÏÏÔÓÙ·È Î·È ÙÈ˜ Û˘ÁÎÚ›Ó·ÌÂ ÌÂ ÙÔ ÎÔÌÌ¿ÙÈ ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ GEKP

ÌÂÙ·Í‡ ÙÔ˘ ‰Â‡ÙÂÚÔ˘ Î·È ÙÔ˘ ÙÚ›ÙÔ˘ ‰·ÎÙ‡ÏÔ˘ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268. ™˘ÁÎÂÎÚÈÌ¤Ó· ÁÈ·

Î¿ıÂ Ì›· ÌÂÙÚ‹Û·ÌÂ ÙËÓ Ì¤ÛË ‰È·ÊÔÚ¿ ÛÙÈ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ÙˆÓ ·ÙfiÌˆÓ ÙÔ˘˜ (rms

deviation). OÈ ·ÏÏËÏÔ˘¯›Â˜ Î·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù·10 Ê·›ÓÔÓÙ·È ÛÙÔÓ ¶ÈÓ. 8. 

¶›Ó·Î·˜ 8. AÔÙÂÏ¤ÛÌ·Ù· Û‡ÁÎÚÈÛË˜ ÙË˜ ·ÏÏËÏÔ˘¯›·˜ ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ GEKP ÌÂ ÙÔÓ
·ÓÙ›ÛÙÔÈ¯Ô ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268

AÏÏËÏÔ˘¯›· ¶ÚˆÙÂ˝ÓË ™ÙÔÈ¯Â›Ô ‰Â˘ÙÂÚ. ‰ÔÌ‹˜ M. ¢È·ÊÔÚ¿ (A)

GEKD 4RUBA ™‡Ó‰ÂÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 1.12
GEKT ABP ™‡Ó‰ÂÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 2.47
GEKT ABP ™˘Ó‰¤ÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 2.56
GEKD FCBA1 ™˘Ó‰¤ÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 2.11
GEKM 1FNR ™˘Ó‰¤ÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 1.21
GEKM 2FNR ™˘Ó‰¤ÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 1.23

GDKP 1Cy3 ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 1.41
GERP 1phh ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 2.28
GERP 2phh ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 2.28
GAKP 2 fcr ™˘Ó‰¤ÂÈ ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ 0.70
GQRP 1tpt ™ÙÚÔÊ‹ ÚÈÓ ·fi ‚-ÎÏÒÓÔ 1.72
GHRP 4ts1b1 ™˘Ó‰¤ÂÈ ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ 0.99
HEKP 2sodg ™ÙÚÔÊ‹ ÌÂÙ¿ ·fi ‚-ÎÏÒÓÔ 1.91

HEKP 2sody ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 1.91
LEKP 3gpdr ™˘Ó‰¤ÂÈ ‚-ÎÏÒÓÔ ÌÂ ¤ÏÈÎ· 2.10
LERP 9xia ™˘Ó‰¤ÂÈ ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ 2.48
LERP 1xis ™˘Ó‰¤ÂÈ ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ 2.47
WERP 8apia ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 2.64
LERP 2rspb2 ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 1.42
DERP 3aat ™˘Ó‰¤ÂÈ ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ 1.12
LERP 2mvpb ™˘Ó‰¤ÂÈ 2 ‚-ÎÏÒÓÔ˘˜ 1.46
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10 A˜ ÛËÌÂÈˆıÂ› fiÙÈ Â‰Ò ·Ó·Ê¤ÚÔÓÙ·È ÔÈ ·ÏÏËÏÔ˘¯›Â˜ ÌÂ ÙË ÌÂÁ·Ï‡ÙÂÚË ÔÌÔÏÔÁ›· ˆ˜
ÚÔ˜ ·˘Ù‹ ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ GEKP. 
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™ÙËÓ ÚÒÙË Î·È ÛÙË ÙÚ›ÙË ÂÚ›ÙˆÛË ‰ÂÓ ˘¿Ú¯ÂÈ Ë ÚÔÏ›ÓË Î·È Ë ÁÏ˘Î›ÓË

·ÓÙ›ÛÙÔÈ¯·, ÂÓÒ ÛÙËÓ ‰Â‡ÙÂÚË ˘¿Ú¯Ô˘Ó Î·È Ù· ‰‡Ô ·˘Ù¿ ·ÌÈÓÔÍ¤·. ¶·Ú·ÙËÚÔ‡ÌÂ

ÁÂÓÈÎ¿ ÌÂÁ¿ÏÂ˜ ‰È·ÊÔÚ¤˜, ÂÎÙfi˜ ·fi ÙËÓ ·ÏÏËÏÔ˘¯›Â˜ Ô˘ Û˘Ó‰¤Ô˘Ó ¤ÏÈÎ· ÌÂ ‚-ÎÏÒÓÔ

Î·È ÂÚÈ¤¯Ô˘Ó ÙËÓ ÚÔÏ›ÓË Î·È ÙËÓ ÁÏ˘Î›ÓË. K¿ÙÈ Ù¤ÙÔÈÔ Ê·ÓÂÚÒÓÂÈ ÙÔÓ ÛËÌ·ÓÙÈÎfi ÚfiÏÔ

Ô˘ ·›˙Ô˘Ó ·˘Ù¿ Ù· ‰‡Ô ·ÌÈÓÔÍ¤·, ÛÂ Û¯¤ÛË ÌÂ Ù· ‰‡Ô ̆ fiÏÔÈ·. E›ÛË˜ ·Ú·ÙËÚÔ‡ÌÂ

ÌÈÎÚfiÙÂÚÂ˜ ·ÔÎÏ›ÛÂÈ˜ ÛÙË ÂÚ›ÙˆÛË Ô˘ ÙÔ ÎÔÌÌ¿ÙÈ ·˘Ùfi Û˘Ó‰¤ÂÈ ¤ÏÈÎ· Î·È ‚-ÎÏÒÓÔ.
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EÎÙfi˜ ·fi ÙËÓ ·ÏÏËÏÔ˘¯›· ÙÔ˘ Û˘Ó‰¤ÛÌÔ˘ ÂÍÂÙ¿Û·ÌÂ ÛÙ·ÙÈÛÙÈÎ¿ Î·È Î¿ÔÈ·

¿ÏÏ· ·ÌÈÓÔÍ¤· Ô˘ Ê·›ÓÂÙ·È Ó· Â›Ó·È Î·ıÔÚÈÛÙÈÎ¿ ÁÈ· ÙËÓ ÏÂÈÙÔ˘ÚÁ›· ÂÓfi˜ ‰·ÎÙ‡ÏÔ˘

„Â˘‰·ÚÁ‡ÚÔ˘. H ı¤ÛË 9 Ô˘ Â›Ó·È ·ÚÁÈÓ›ÓË ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268 (ı¤ÛË 14 EÈÎ. 12) Î·È

·ÏÏËÏÂÈ‰Ú¿ ÌÂ ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA, ·Ú·ÙËÚ‹Û·ÌÂ fiÙÈ Î·Ù·Ï·Ì‚¿ÓÂÙ·È ·fi Ï˘Û›ÓË

ÛÂ ÔÛÔÛÙfi 84% (EÈÎ. 21). Ÿˆ˜ ¤¯ÂÈ ‹‰Ë ·Ó·ÊÂÚıÂ› ·˘Ù¿ Ù· ‰‡Ô ·ÌÈÓÔÍ¤· Â›Ó·È

·ÓÙÈÚÔÛˆÂ˘ÙÈÎ¿ ÁÈ· Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ ·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÌÂ ÓÔ˘ÎÏÂ˚Î¿ ÔÍ¤· (Richardson

& Richardson). ™ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Ë Ï˘Û›ÓË (ı¤ÛË 40 EÈÎ. 12), Ô˘ ‚Ú›ÛÎÂÙ·È ÛÙÔÓ

‰¿ÎÙ˘ÏÔ 5 ·ÏÏËÏÂÈ‰Ú¿ ÌÂ ÙÔÓ ÛÎÂÏÂÙfi ÙÔ˘ DNA ÌÂ ÙÚfiÔ ·Ó¿ÏÔÁÔ fiˆ˜ Ë ·ÓÙ›ÛÙÔÈ¯Ë

·ÚÁÈÓ›ÓË ÙÔ˘ Zif268. E›ÛË˜ Ë ı¤ÛË 11, Ô˘ ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268 Â›Ó·È

Ê·ÈÓ˘Ï·Ï·Ó›ÓË (ı¤ÛË 16 EÈÎ. 12), Â›Ó·È ÔÏ‡ Î·Ï¿ Û˘ÓÙËÚËÌ¤ÓË ÛÂ ÔÛÔÛÙfi 94% (EÈÎ.

21). A˘Ùfi Û˘Ì‚·›ÓÂÈ ÁÈ·Ù› Ì¿ÏÏÔÓ ·›˙ÂÈ Î¿ÔÈÔ ‰ÔÌÈÎfi ÚfiÏÔ Û˘ÌÌÂÙ¤¯ÔÓÙ·˜ ÛÙÔÓ

Û¯ËÌ·ÙÈÛÌfi ÂÓfi˜ ˘‰ÚfiÊÔ‚Ô˘ ˘Ú‹Ó· ÛÙÔ ÂÛˆÙÂÚÈÎfi ÙˆÓ ‰·ÎÙ‡ÏˆÓ. 

™˘ÌÂÚ·ÛÌ·ÙÈÎ¿ ı· Ï¤Á·ÌÂ fiÙÈ Ù· ·ÌÈÓÔÍ¤· Ô˘ ·›˙Ô˘Ó ‰ÔÌÈÎfi ÚfiÏÔ Â›Ó·È

Î·Ï¿ Û˘ÓÙËÚËÌ¤Ó·. AÓÙ›ıÂÙ· ·˘Ù¿ Ô˘ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ DNA, ·˘Ù¿ Ô˘

‚Ú›ÛÎÔÓÙ·È ÛÙÈ˜ ÛÙÚÔÊ¤˜ ‹ ·˘Ù¿ Ô˘ ÙÔÔıÂÙÔ‡ÓÙ·È ÚÔ˜ ÙÔ ‰È·Ï‡ÙË ·ÚÔ˘ÛÈ¿˙Ô˘Ó

ÔÏ˘ÌÔÚÊ›·. A˘Ùfi Ê·›ÓÂÙ·È Î·È ÛÙËÓ EÈÎ. 22 fiÔ˘ ¤¯ÂÈ ˘ÏÔÁÈÛÙÂ› Ë ÔÏ˘ÌÔÚÊÈÎfiÙËÙ·

ÁÈ· Î¿ıÂ ·ÌÈÓÔÍ‡.
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III.II.3 ™Ù·ÙÈÛÙÈÎ‹ ÁÈ· ÙÈ˜ ˘fiÏÔÈÂ˜ ÔÈÎÔÁ¤ÓÂÈ˜ ÙˆÓ ‰·ÎÙ‡ÏˆÓ

„Â˘‰·ÚÁ‡ÚÔ˘

K·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· ÙÔ˘ „·Í›Ì·ÙÔ˜ ÙË˜ ‚¿ÛË˜ ‰Â‰ÔÌ¤ÓˆÓ (swiss database) ÁÈ·

·ÏÏËÏÔ˘¯›Â˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ‚Ú‹Î·ÌÂ ·ÔÎÏ›ÛÂÈ˜  ·fi ÙËÓ ·ÏÏËÏÔ˘¯›·

C2XC12XH3XH , fiˆ˜ Ê·›ÓÂÙ·È ·Ú·Î¿Ùˆ:

AÚÈıÌfi˜ AÏÏËÏÔ˘¯›·

Î·ÌÌ›· C2XC13XH3XH

Î·ÌÌ›· C2XC12XH6XH

4 C2XC11XH3XH

3 C2XC12XH5XH

2 C2XC11XH4XH

1 C4XC12XH3XH

60 C2XC12XH4XH 11

OÏfiÎÏËÚÂ˜ ÔÈ ·Ú·¿Óˆ ·ÏÏËÏÔ˘¯›Â˜ Ê·›ÓÔÓÙ·È ÛÙÔÓ ¶ÈÓ. 9 ÛÙÔ ¶APAPTHMA.

TÔ ÁÂÁÔÓfi˜ ·˘Ùfi, fiÙÈ ÔÈ ÂÍ·ÈÚ¤ÛÂÈ˜ ·fi ¤Ó· Û˘ÁÎÂÎÚÈÌ¤ÓÔ Ù‡Ô ·ÏÏËÏÔ˘¯›·˜ Â›Ó·È Ï›ÁÂ˜,

˘Ô‰ËÏÒÓÂÈ fiÙÈ ÔÈ ‰¿ÎÙ˘ÏÔÈ „Â˘‰·ÚÁ‡ÚÔ˘ ‰ÂÓ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÏÏ¤˜ ·ÔÎÏ›ÛÂÈ˜ ÌÂÙ·Í‡

ÙÔ˘˜. Afi Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ÛÙ·ÙÈÛÙÈÎ‹˜ ÚÔÎ‡ÙÂÈ fiÙÈ Ì¿ÏÏÔÓ ‰ÂÓ ‰È·Ê¤ÚÔ˘Ó ÔÏ‡

Î·È ÛÙÔÓ ÙÚfiÔ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘˜ ÂÎÙfi˜ ›Ûˆ˜ ÔÚÈÛÌ¤ÓˆÓ ÂÈÌ¤ÚÔ˘˜ ·ÏÏ·ÁÒÓ, fiˆ˜ ·˘Ù¤˜

Ô˘ ·Ú·ÙËÚ‹ıËÎ·Ó ÛÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 ÛÂ Û¯¤ÛË ÌÂ ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ Zif268. H

ÙÂÏÂ˘Ù·›· ÔÈÎÔÁ¤ÓÂÈ·, Ô˘ ·Ó·Ê¤ÚÂÙ·È ·Ú·¿Óˆ Â›Ó·È Ë ÌfiÓË ÛËÌ·ÓÙÈÎ‹ ÂÍ·›ÚÂÛË Î·È

ÁÈ· ·˘Ùfi ÙËÓ ÌÂÏÂÙ‹Û·ÌÂ Î·È ÛÙ·ÙÈÛÙÈÎ¿. Y¿Ú¯Ô˘Ó ÌÂÚÈÎ¤˜ ÔÌÔÈfiÙËÙÂ˜ Î·È ‰È·ÊÔÚ¤˜

·fi ÙËÓ ÌÂÁ¿ÏË ÔÈÎÔÁ¤ÓÂÈ·. °È· ·Ú¿‰ÂÈÁÌ· ÔÈ ı¤ÛÂÈ˜ 13,16,19 Î·Ù·Ï¿Ì‚·ÓÔÓÙ·È Î·È

·˘Ù¤˜ Î˘Ú›ˆ˜ ·fi ˘‰ÚfiÊÈÏ· ·ÌÈÓÔÍ¤· ·ÏÏ¿ fi¯È ·ÎÚÈ‚Ò˜ ·fi Ù· ›‰È·. H ı¤ÛË 15, ÁÈ·

·Ú¿‰ÂÈÁÌ· Î·Ù·Ï¿Ì‚·ÓÂÙ·È ·fi ÛÂÚ›ÓË ÛÂ ÔÛÔÛÙfi 68%, Î·È Ë ı¤ÛË 17 ·fi ÏÂ˘Î›ÓË

Î·Ù¿ 71%, ·ÓÙ›ÛÙÔÈ¯·. 

°È· ÙÈ˜ ˘fiÏÔÈÂ˜ ı¤ÛÂÈ˜ ˘¿Ú¯Ô˘Ó Â›ÛË˜ Î¿ÔÈÂ˜ ÌÈÎÚ¤˜ ‰È·ÊÔÚ¤˜. H ı¤ÛË 14

Î·Ù·Ï·Ì‚¿ÓÂÙ·È Â›ÛË˜ ·fi ÚÔÏ›ÓË ÛÂ ÔÛÔÛÙfi 23% Î·È ·ÚÔ˘ÛÈ¿˙ÂÈ ÚÔÙ›ÌËÛË ÁÈ·

Û˘ÁÎÂÎÚÈÌ¤Ó· ·ÌÈÓÔÍ¤·, ÛÙÈ˜ ̆ fiÏÔÈÂ˜ ı¤ÛÂÈ˜ (‰Â˜ ¶›Ó. 10 ÛÙÔ ¶APAPTHMA). °È· ÙÈ˜

˘fiÏÔÈÂ˜ Û˘ÓÙËÚËÌ¤ÓÂ˜ ı¤ÛÂÈ˜ ··ÓÙÒÓÙ·È Î·È Â‰Ò ›‰È· ·ÌÈÓÔÍ¤·, ·ÏÏ¿ ÛÂ Ï›ÁÔ

‰È·ÊÔÚÂÙÈÎ¿ ÔÛÔÛÙ¿. T· ÁÂÓÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿, ‰ËÏ·‰‹ ·Ú·Ì¤ÓÔ˘Ó Ù· ›‰È·. Afi ÙÔ

ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Ô ‰¿ÎÙ˘ÏÔ˜ 6 Ô˘ ·Ó‹ÎÂÈ Û’ ·˘Ù‹Ó ÙËÓ ÔÌ¿‰·, ‰Â›¯ÓÂÈ Ó·

Û˘ÌÂÚÈÊ¤ÚÂÙ·È ÌÂ ÙÚfiÔ ·Ó¿ÏÔÁÔ ÌÂ ÙÔ˘˜ ˘fiÏÔÈÔ˘˜.
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11 OÈ ·Ú·¿Óˆ ·ÏÏËÏÔ˘¯›Â˜ ‚Ú›ÛÎÔÓÙ·È ÛÙÔÓ ¶›Ó·Î· 11 ÛÙÔ ¶APAPTHMA
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VI . ™˘˙‹ÙËÛË Î·È ÌÂÏÏÔÓÙÈÎ¿ Û¯¤‰È·

VI.I ™˘˙‹ÙËÛË

Afi ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 Î·È ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ÌÂÏ¤ÙË ÂÓfi˜ ÌÂÁ¿ÏÔ˘ ·ÚÈıÌÔ‡

·ÏÏËÏÔ˘¯ÈÒÓ Ê·›ÓÂÙ·È fiÙÈ Ë ·ÏÏËÏÂ›‰Ú·ÛË, ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ ÙÔ˘ Ù‡Ô˘

2C2H , ÌÂ ÙÔ DNA ·ÎÔÏÔ˘ıÂ› Î¿ÔÈÔ˘˜ ÁÂÓÈÎÔ‡˜ Î·ÓfiÓÂ˜. K¿ıÂ ‰¿ÎÙ˘ÏÔ˜ ·ÔÙÂÏÂ›Ù·È

·fi Ì›· ·ÓÙÈ·Ú¿ÏÏËÏË ‚-Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ· Î·È ÌÈ· ¤ÏÈÎ·, Ô˘ Â›Ó·È Î˘Ú›ˆ˜

˘¤˘ı˘ÓË ÁÈ· ÙËÓ ·ÏÏËÏÂ›‰Ú·ÛË ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. A˘Ùfi ÙÔ ÌÔÙ›‚Ô (motif)

Ê·›ÓÂÙ·È Ó· Â›Ó·È Î·Ï¿ Û˘ÓÙËÚËÌ¤ÓÔ ÌÂ ‰Â‰ÔÌ¤ÓË ÁÂˆÌÂÙÚ›· ÁÈ· ÙÔ Zn+2, Î·È Ù·

·ÌÈÓÔÍ¤· Ô˘ ·›˙Ô˘Ó ‰ÔÌÈÎfi ÚfiÏÔ Ó· Û˘ÓÙËÚÔ‡ÓÙ·È ÛÂ ÌÂÁ¿Ï· ÔÛÔÛÙ¿. °È·

·Ú¿‰ÂÈÁÌ· ·Ó·Ê¤ÚÔ˘ÌÂ ÙÈ˜ ‰‡Ô Î˘ÛÙÂ˝ÓÂ˜ Î·È ÙÈ˜ ‰‡Ô ÈÛÙ›‰ÈÓÂ˜ Ô˘ ‰ÂÛÌÂ‡Ô˘Ó ÙÔ ÈfiÓ

ÙÔ˘ Zn+2, ÌÂÚÈÎ¿ ¿ÏÏ· fiˆ˜ ÛÙÈ˜ ı¤ÛÂÈ˜ 9 Î·È 11, Î.Ï.. MÂÚÈÎ¤˜ ÂÍ·ÈÚ¤ÛÂÈ˜ ·fi ÙÔÓ

Î·ÓfiÓ·, fiˆ˜ ¤Ó· ‹ ‰‡Ô ·ÌÈÓÔÍ¤· ·Ú·¿Óˆ ÌÂÙ·Í‡ ÙˆÓ ‰‡Ô Î˘ÛÙÂ˚ÓÒÓ ‹ ÈÛÙÈ‰ÈÓÒÓ

ÙÔ˘ Zn+2, ·ÓÙÈÌÂÙˆ›˙ÔÓÙ·È ÌÂ Î¿ÔÈÂ˜ ÙÔÈÎ¤˜ ‰ÔÌÈÎ¤˜ ·ÏÏ·Á¤˜, fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ·

Ë ·ÏÏ·Á‹ ÙË˜ ‰È·ÌfiÚÊˆÛË˜ ÂÓfi˜ ‚ÚfiÁ¯Ô˘ (loop) Î.Ï..

°È· ÙÈ˜ ı¤ÛÂÈ˜ 13,14,15,16,17,18,19 ı· Ï¤Á·ÌÂ fiÙÈ ÁÈ· Û˘ÁÎÂÎÚÈÌ¤ÓË

ÁÂˆÌÂÙÚ›·, ÔÈ 13, 16, Î·È 19 Â›Ó·È ÛÂ ı¤ÛË Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ DNA

(Pavletich and Pabo 1991, Jacobs 1992). Afi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ÚÔÎ‡ÙÂÈ fiÙÈ

·ÚÔ˘ÛÈ¿˙Ô˘Ó ÌÂÁ¿ÏË ‰È·ÊÔÚÔÔ›ËÛË Î·È Î·Ù·Ï·Ì‚¿ÓÔÓÙ·È Î˘Ú›ˆ˜ ·fi ˘‰ÚfiÊÈÏ·

·ÌÈÓÔÍ¤·, fiˆ˜ Q,R,N,K,H, Ô˘ Ú¿ÁÌ·ÙÈ ÌÔÚÔ‡Ó Ó· Û¯ËÌ·Ù›ÛÔ˘Ó ‰ÂÛÌÔ‡˜

˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. H ı¤ÛË 14 Ê·›ÓÂÙ·È fiÙÈ ·ÏÏËÏÂÈ‰Ú¿ ÌÂ ÙÔ ÛÎÂÏÂÙfi

ÙË˜ ‰Â˘ÙÂÚÂ‡Ô˘Û·˜ ·Ï˘Û›‰·˜ (secondery strand) Î·È ¯ÚÂÈ¿˙ÂÙ·È ·Ó¿ÏÔÁ· ÌÂ ÙËÓ Û¯ÂÙÈÎ‹

ı¤ÛË ÚÔ˜ ÙÔ DNA, ÌÈ· Ì·ÎÚÈ¿ ‹ ÌÈ· ÎÔÓÙ‹ ÏÂ˘ÚÈÎ‹ ·Ï˘Û›‰·. H ı¤ÛË 15 ÌÔÚÂ› Ó·

ÛÙ·ıÂÚÔÔÈ‹ÛÂÈ ¤Ó· ÌÂÁ¿ÏÔ ·ÌÈÓÔÍ‡ ÛÙËÓ ı¤ÛË 13 (Pavletich and Pabo 1991), ‹ Ó·

·ÏÏËÏÂÈ‰Ú¿ÛÂÈ ÂÈ‰ÈÎ¿ ÌÂ ‚¿ÛÂÈ˜ ·fi ÙËÓ ‰Â˘ÙÂÚÂ‡Ô˘Û· ·Ï˘Û›‰· ÙÔ˘ DNA. A˘Ù¤˜ ÔÈ ‰‡Ô

˘Ôı¤ÛÂÈ˜ ÂÓÈÛ¯‡ÔÓÙ·È ·fi ÙËÓ ÛÙ·ÙÈÛÙÈÎ‹, ·fi ÙÔ ÌÔÓÙ¤ÏÔ ÙÔ˘ CF2 ÁÈ· ÙÔ˘˜ ‰·ÎÙ‡ÏÔ˘˜

5 Î·È 6, Î·È Â›ÛË˜ ·fi Ù· ÂÈÚ¿Ì·Ù· ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜. H ı¤ÛË 17 Â›Ó·È Û˘ÓÙËÚËÌ¤ÓË

ÛÂ ÔÛÔÛÙfi 89% ·ÊÔ‡ Ì¿ÏÏÔÓ ·›˙ÂÈ ‰ÔÌÈÎfi ÚfiÏÔ ÛÙÔÓ Û¯ËÌ·ÙÈÛÌfi ÂÓfi˜ ˘‰ÚfiÊÔ‚Ô˘

ÂÛˆÙÂÚÈÎÔ‡ ÁÈ· ÙÔÓ ‰¿ÎÙ˘ÏÔ (Pavletich & Pabo 1991). H ı¤ÛË 18 ÙÔÔıÂÙÂ›Ù·È ÚÔ˜ ÙÔ

ÂÍˆÙÂÚÈÎfi Î·È Û¯ËÌ·Ù›˙ÂÈ ‰ÂÛÌÔ‡˜ ˘‰ÚÔÁfiÓÔ˘ ÌÂ ÙÔÓ ‰È·Ï‡ÙË.

MÈ· ÂÚÒÙËÛË Ô˘ ›Ûˆ˜ ÁÂÓÓ¿Ù·È Â‰Ò Â›Ó·È: ·Ó ı· ‹Ù·Ó ‰˘Ó·ÙfiÓ Ó· ÛÙÚ·ÊÂ› ¤Ó·˜

‰¿ÎÙ˘ÏÔ˜ Î·Ù¿ ÌÈ· ÁˆÓ›·, ˆ˜ ÚÔ˜ ÙÔÓ ¿ÍÔÓ· ÙË˜ ¤ÏÈÎ·˜ ÒÛÙÂ Ó· ÌÔÚÔ‡Ó Ó·

·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ‰È·ÊÔÚÂÙÈÎ¤˜ ı¤ÛÂÈ˜ ÌÂ ÙÈ˜ ‚¿ÛÂÈ˜ ÙÔ˘ DNA. K¿ÙÈ Ù¤ÙÔÈÔ ‰ÂÓ Ê·›ÓÂÙ·È

ÔÏ‡ Èı·Ófi ÁÈ· ÔÏÏÔ‡˜ ÏfiÁÔ˘˜, fiˆ˜ ·˘ÙÔ› Ô˘ ·Ó·Ê¤ÚÔ˘ÌÂ ·Ú·Î¿Ùˆ: 

i) OÈ ı¤ÛÂÈ˜ Ô˘ ·›˙Ô˘Ó Î·ıÔÚÈÛÙÈÎfi ÚfiÏÔ ÛÙËÓ ·ÏÏËÏÂ›‰Ú·ÛË Ê·›ÓÂÙ·È fiÙÈ
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Â›Ó·È Î·ıÔÚÈÛÌ¤ÓÂ˜ (.¯. 13.16.19 ‹ Î·È 15). 

ii) TÔ ÈfiÓ ÙÔ˘ Zn+2, Ô˘ ‰ÂÛÌÂ‡ÂÙ·È ·fi ‰‡Ô ·ÌÈÓÔÍ¤· ÙË˜ ¤ÏÈÎ·˜ Î·È ‰‡Ô ·fi ÙËÓ

‚-Ù˘¯ˆÙ‹ ÂÈÊ¿ÓÂÈ·, ‰ÂÓ ÂÈÙÚ¤ÂÈ ÌÈ· ÛÙÚÔÊ‹ ÌfiÓÔ ÙË˜ ¤ÏÈÎ·˜.

iii) Y¿Ú¯Ô˘Ó ¯·Ú·ÎÙËÚÈÛÙÈÎÔ› ‰ÂÛÌÔ› ˘‰ÚÔÁfiÓÔ˘ ·fi Û˘ÓÙËÚËÌ¤Ó· ·ÌÈÓÔÍ¤·

ÚÔ˜ ÙÔ ÛÎÂÏÂÙfi ÙÔ˘ DNA, fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ· ÌÈ· ÈÛÙÈ‰›ÓË ÙÔ˘ Zn+2, Ô˘ Â›Ó·È

‰ÂÛÌÂ˘ÙÈÎÔ› ÁÈ· Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ ÌÂÙ·ÎÈÓ‹ÛÂÈ˜.

iv) OÈ ı¤ÛÂÈ˜ ÙË˜ ¤ÏÈÎ·˜ Ô˘ ı· ‹Ù·Ó ÛÂ ı¤ÛË Ó· ·ÏÏËÏÂÈ‰Ú¿ÛÔ˘Ó ÂÈ‰ÈÎ¿ ÌÂ ÙÔ

DNA, ı· ¿ÏÏ·˙·Ó ÛÙÈ˜ 15,17 ‹ 18 ÁÈ· ·Ú¿‰ÂÈÁÌ·. K¿ÙÈ Ù¤ÙÔÈÔ fiÌˆ˜ ‰ÂÓ ı· Â›¯Â ÓfiËÌ·

·ÊÔ‡ ·˘Ù¤˜ ÔÈ ı¤ÛÂÈ˜ ‰ÂÓ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÏ˘ÌÔÚÊ›· Î·È ÂÈ›ÛË˜ ‰ÂÓ Î·Ù·Ï·Ì‚¿ÓÔÓÙ·È

ÌfiÓÔ ·fi ˘‰ÚfiÊÈÏ· ·ÌÈÓÔÍ¤·. º·›ÓÂÙ·È ÏÔÈfiÓ fiÙÈ ˘¿Ú¯Ô˘Ó ·ÚÎÂÙÔ› ÂÚÈÔÚÈÛÌÔ› ÁÈ·

ÌÈ· Ù¤ÙÔÈ· ÂÚÈÛÙÚÔÊ‹ Ô˘ ı· ¿ÏÏ·˙Â Ù· ÁÂˆÌÂÙÚÈÎ¿ ‰Â‰ÔÌ¤Ó· ÙË˜ ·ÏÏËÏÂ›‰Ú·ÛË˜.

VI.II MÂÏÏÔÓÙÈÎ¿ Û¯¤‰È·

¶¤Ú· ·fi ÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· ı· ÌÔÚÔ‡Û·Ó Ó· Á›ÓÔ˘Ó ÂÚ·ÈÙ¤Úˆ ÂÈÚ¿Ì·Ù·

¿Óˆ Û’ ·˘Ùfi ÙÔ ·ÓÙ›ÎÂÈÌÂÓÔ.

°È· ·Ú¿‰ÂÈÁÌ·, ı· ÌÔÚÔ‡Û·Ó Ó· Á›ÓÔ˘Ó ÂÈÏ¤ÔÓ ÂÈÚ¿Ì·Ù·

ÌÂÙ·ÏÏ·ÍÔÁ¤ÓÂÛË˜ ÁÈ· ÙËÓ ÏÂÈÚ¤ÛÙÂÚË Î·Ù·ÓfiËÛË ÙÔ˘ ÚfiÏÔ˘ ÔÚÈÛÌ¤ÓˆÓ ·ÌÈÓÔÍ¤ˆÓ

ÛÙËÓ ‰ÈÂÚÁ·Û›· ÙË˜ ·Ó·ÁÓÒÚÈÛË˜ ÙÔ˘ DNA ÛÙfi¯Ô˘. E›ÛË˜ ı· ÚÔÙÂ›Ó·ÌÂ Î·È Î¿ÔÈÂ˜

¿ÏÏÂ˜ ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ·Ó¿ÏÔÁÂ˜ ÌÂ ·˘Ù‹ ÙÔ˘ Zif268, ‹ ·ÚfiÌÔÈÂ˜ ÌÂÏ¤ÙÂ˜ ÌÂ

N.M.R Î·È ÛÂ Î¿ÔÈ· ¿ÏÏ· Û˘ÌÏÔÎ· ÚˆÙÂ˚ÓÒÓ ÌÂ DNA. 

K¿ÙÈ Ô˘ ‰ÂÓ Â›Ó·È ·fiÏ˘Ù· ÍÂÎ¿ı·ÚÔ Â›Ó·È Ë ÏÂÈÙÔ˘ÚÁÈÎ‹ ÛËÌ·Û›· ÌÂÚÈÎÒÓ

‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘, ÛÂ ÌÈ· ·ÏÏËÏÔ˘¯›· ÙÔ˘˜ ÌÂ ÌÂÁ¿ÏÔ ·ÚÈıÌfi, .¯. 9. M¤¯ÚÈ ÙÒÚ·

ÈÛÙÂ‡ÂÙ·È fiÙÈ ·ÊÔ‡ Î¿ÔÈ· ·fi ·˘Ù¿ ‰ÂÓ ÌÔÚÔ‡Ó Ó· ÙÔÔıÂÙËıÔ‡Ó ÛÙËÓ Î‡ÚÈ·

·‡Ï·Î· ÙÔ˘ DNA ‰ÂÓ ı· ·›˙Ô˘Ó ··Ú·›ÙËÙ· Î·È Î¿ÔÈÔ ÏÂÈÙÔ˘ÚÁÈÎfi ÚfiÏÔ. OÈ

ÂÓ‰Â›ÍÂÈ˜ ÁÈ· Î¿ÙÈ Ù¤ÙÔÈÔ ‰ÂÓ Â›Ó·È ÔÏÏ¤˜ Î·È ÌÈ· ÎÚ˘ÛÙ·ÏÏÔÁÚ·ÊÈÎ‹ ÌÂÏ¤ÙË ÛÂ Ù¤ÙÔÈÂ˜

·ÏÏËÏÔ˘¯›Â˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘ Ì·˙› ÌÂ ÙÔ DNA  ı· ‹Ù·Ó ÔÏ‡ ‰È·ÊˆÙÈÛÙÈÎ‹.

K¿ÙÈ Ô˘ Â›Ó·È ÂÍ›ÛÔ˘ ÛËÌ·ÓÙÈÎfi Â›Ó·È Ó· Á›ÓÔ˘Ó ÂÚ·ÈÙ¤Úˆ ÂÈÚ¿Ì·Ù· ÁÈ· ÙËÓ

·ÔÎÚ˘ÙÔÁÚ¿ÊËÛË ÙÔ˘ ÎÒ‰ÈÎ· ·Ó·ÁÓÒÚËÛË˜, ÚˆÙÂ˝ÓË˜ Î·È DNA. A˘Ùfi ÌÔÚÂ› Ó·

Á›ÓÂÈ ÌÂ ÙÈ˜ ˘¿Ú¯Ô˘ÛÂ˜ ÙÂ¯ÓÈÎ¤˜ ÙË˜ ÌÔÚÈ·Î‹˜ ‚ÈÔÏÔÁ›·˜ Î·È ÙË˜ ‚ÈÔ¯ËÌÂ›·˜. AÓ

ÂÈÙÂ˘¯ıÂ› Î¿ÙÈ Ù¤ÙÔÈÔ ı· ÂÈÊ¤ÚÂÈ Â·Ó·ÛÙ·ÙÈÎ¤˜ ·ÏÏ·Á¤˜ ÛÙÔ˘˜ ÙÔÌÂ›˜ ÔÏÏÒÓ

ÂÈÛÙËÌÒÓ, fiˆ˜ Ë ÌÔÚÈ·Î‹ ‚ÈÔÏÔÁ›·, Ë ‚ÈÔÙÂ¯ÓÔÏÔÁ›·, Ë È·ÙÚÈÎ‹ Î.Ï.., Î·È ÛÙÈ˜

ÂÊ·ÚÌÔÁ¤˜ ÙÔ˘˜ ÛÂ ÙÔÌÂ›˜ ÙË˜ Û‡Á¯ÚÔÓË˜ ˙ˆ‹˜.

MÂ ÁÓˆÛÙ¿ Ù· ÛÙ·ÙÈÛÙÈÎ¿ ‰Â‰ÔÌ¤Ó· ÁÈ· ÙËÓ ÔÈÎÔÁ¤ÓÂÈ· ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘

ÙÔ˘ Ù‡Ô˘ CC/H H Â›Ó·È ‰˘Ó·ÙfiÓ Ï¤ÔÓ, Ó· ·Ó·ÁÓˆÚ›ÛÂÈ Î·ÓÂ›˜ ÌÂ ÌÂÁ¿ÏË ‚Â‚·ÈfiÙËÙ·

·Ó ÌÈ· ·ÏÏËÏÔ˘¯›· ·Ó‹ÎÂÈ Û’ ·˘Ù‹Ó ‹ fi¯È. M¤¯ÚÈ ÙÒÚ· ‰ÂÓ ‹Ù·Ó ÁÓˆÛÙ¿ ÔÏÏ¿
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‰Â‰ÔÌ¤Ó· ÁÈ· ÙËÓ ·ÏÏËÏÔ˘¯›· ·˘ÙÒÓ ÙˆÓ ÂÚÈÔ¯ÒÓ. MÂÏÏÔÓÙÈÎ¿ ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ÙËÓ

‡·ÚÍË ÙÔ˘ ÎÒ‰ÈÎ· ·Ó·ÁÓÒÚËÛË˜ ÙÔ˘ DNA ı· Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÂÏ¤Á¯Ô˘ÌÂ ÙËÓ

ÁÔÓÈ‰È·Î‹ Ú‡ıÌÈÛË ÛÂ Î¿ÔÈÔ ‚ÂıÌfi. K¿ÙÈ Ù¤ÙÔÈÔ ı· ‰ÒÛÂÈ ··ÓÙ‹ÛÂÈ˜ ÛÂ ÔÏÏ¿

‚ÈÔÏÔÁÈÎ¿ ÚÔ‚Ï‹Ì·Ù·, Î·È Ù·˘Ùfi¯ÚÔÓ· ı· ÂÊ·ÚÌÔÛÙÂ› ÛÂ ÔÏÏÔ‡˜ ÙÔÌÂ›˜ ÙË˜

Û‡Á¯ÚÔÓË˜ ÙÂ¯ÓÔÏÔÁ›·˜. T· ·Ú·‰Â›ÁÌ·Ù· Ô˘ ı· ÌÔÚÔ‡Û·ÌÂ Ó· ·Ó·Ê¤ÚÔ˘ÌÂ Â›Ó·È

·ÎfiÌ· ÂÚÈÛÛfiÙÂÚ· ·˘Ù¿ Ô˘ ‰ÂÓ ÌÔÚÔ‡ÌÂ Ó· ‰È·ÓÔËıÔ‡ÌÂ ÚÔ˜ ÙÔ ·ÚfiÓ.

AÓ·Ê¤ÚÔ˘ÌÂ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙËÓ ıÂÚ·Â›· ÔÏÏÒÓ ÁÂÓÓÂÙÈÎÒÓ ·ÛıÂÓÂÈÒÓ Ô˘

ÔÊÂ›ÏÔÓÙ·È ÛÙËÓ Î·Î‹ ‹ ÂÏ·ÙÙˆÌ·ÙÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· Ù¤ÙÔÈˆÓ ÚˆÙÂ˚ÓÒÓ. E›ÛË˜ ÛÙÔÓ

ÙÔÌ¤· ÙË˜ ‚ÈÔÙÂ¯ÓÔÏÔÁ›·˜ ı· Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ·Ú·ÛÎÂ˘·ÛıÔ‡Ó Â˘ÎÔÏÒÙÂÚ· ÔÏÏ¤˜

ÚˆÙÂ˝ÓÂ˜, ÛÂ ÌÂÁ¿ÏÂ˜ ÔÛfiÙËÙÂ˜ ‰‡ÓÔÓÙ·˜ Ï‡ÛË ÛÂ ÔÏÏ¿ ÚÔ‚Ï‹Ì·Ù· ÙË˜ ÙÂ¯ÓÔÏÔÁ›·˜

Ê·ÚÌ¿ÎˆÓ.

KÏÂ›ÓÔÓÙ·˜ ı· Ï¤Á·ÌÂ fiÙÈ Ù· ÌÔÓÔ¿ÙÈ· Ô˘ Ô‰ËÁÔ‡Ó ÛÙËÓ Ï‹ÚË Î·Ù·ÓfiËÛË

ÔÏ‡ÏÔÎˆÓ ‚ÈÔÏÔÁÈÎÒÓ Ê·ÈÓÔÌ¤ÓˆÓ ·ÓÔ›ÁÔÓÙ·È Ì¤Ú· ÌÂ ÙËÓ ËÌ¤Ú·. A·ÈÙÔ‡ÓÙ·È

fiÌˆ˜ ÔÏÏ¤˜ ÚÔÛ¿ıÂÈÂ˜ ·ÎfiÌ·, ÁÈ· ÙËÓ Â›ÙÂ˘ÍË ÙÔ˘ ÙÂÏÈÎÔ‡ ÛÙfi¯Ô˘.
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¶ÈÓ·Î·˜ 2. ¶ÚˆÙÂ˝ÓÂ˜ Ô˘ ÂÚÈ¤¯Ô˘Ó ÂÚÈÔ¯¤˜ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘

Egr1_Human P18146 homo sapiens (human). early growth response protein 1 (egr-
1) (krox24) (transcription factor) 
Mgf1_Mouse P16372 mus musculus (mouse). zinc finger protein mfg1 (fragment).
5/92 169bp
Mgf2_Mouse P16373 mus musculus (mouse). zinc finger protein mfg2 (fragment).
5/92 406bp
Mgf3_Mouse P16374 mus musculus (mouse). zinc finger protein mfg3 (fragment).
5/92 305bp
Mok2_Mouse P24399 mus musculus (mouse). zinc finger protein mok2. 3/92 201bp
Sdc1_Caeel P24349 caenorhabditis elegans. zinc-finger protein sdc-1. 8/92
1,203bp
Vcg3_Npvac P16091 autographa californica nuclear polyhedrosis virus (acmnpv).
dna-binding protein (zinc finger 
Zf26_Mouse P10076 mus musculus (mouse). zinc finger protein zfp-26 (mkr3
protein) (fragment). 5/92 428bp
Zf27_Mouse P10077 mus musculus (mouse). zinc finger protein zfp-27 (mkr4
protein) (fragment). 5/92 419bp
Zf28_Mouse P10078 mus musculus (mouse). zinc finger protein zfp-28 (mkr5
protein) (fragment). 5/92 384bp
Zf35_Mouse P15620 mus musculus (mouse). zinc finger protein zfp-35. 8/91 580bp
Zf36_Human P16415 homo sapiens (human). zinc finger protein zfp-36 (fragment).
2/91 582bp
Zf37_Mouse P17141 mus musculus (mouse). zinc finger protein zfp-37 (male germ
cell specific zinc finger protein
Zf64_Human P15622 homo sapiens (human). zinc finger protein clone 647
(fragment). 11/90 216bp
Zfa_Mouse P23607 mus musculus (mouse). zinc finger autosomal protein. 11/91
742bp
Zfp1_Mouse P08042 mus musculus (mouse). zinc finger protein zfp-1 (mkr1
protein). 5/92 424bp
Zfx1_Mouse P17011 mus musculus (mouse). zinc finger x-chromosomal protein
(clone pdp1115). 2/91 799bp
Zfx2_Mouse P17012 mus musculus (mouse). zinc finger x-chromosomal protein
(clone pdp1119). 2/91 839bp
Zfx_Human P17010 homo sapiens (human). zinc finger x-chromosomal protein.
2/91 805bp
Zfy1_Mouse P10925 mus musculus (mouse). zinc finger y-chromosomal protein 1.
2/91 782bp
Zfy2_Mouse P20662 mus musculus (mouse). zinc finger y-chromosomal protein 2.
2/91 783bp
Zfy_Human P08048 homo sapiens (human). zinc finger y-chromosomal protein
(possible testis determining factor).
Zg16_Xenla P18712 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf16.1 (fragment). 11/9
Zg17_Xenla P18713 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf17.1 (fragment). 11/9
Zg20_Xenla P18714 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf20.1 (fragment). 11/9
Zg26_Xenla P18715 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf26.1 (fragment). 11/9
Zg28_Xenla P18716 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf28.1 (fragment). 11/9
Zg29_Xenla P18717 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf29.1 (fragment). 11/9
Zg32_Xenla P18719 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf32.1 (fragment). 11/9
Zg3_Xenla P18718 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf3.1 (fragment). 11/90
Zg42_Xenla P18720 xenopus laevis (african clawed frog). gastrula zinc finger
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protein xlcgf42.1 (fragment). 11/9
Zg44_Xenla P18721 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf44.2 (fragment). 11/9
Zg46_Xenla P18722 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf46.1 (fragment). 11/9
Zg48_Xenla P18723 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf48.2 (fragment). 11/9
Zg49_Xenla P18724 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf49.1 (fragment). 11/9
Zg52_Xenla P18727 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf52.1 (fragment). 11/9
Zg53_Xenla P18728 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf53.1 (fragment). 11/9
Zg57_Xenla P18729 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf57.1 (fragment). 11/9
Zg58_Xenla P18730 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf58.1 (fragment). 11/9
Zg5_Xenla P18725 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf5.1 (fragment). 11/90
Zg5a_Xenla P18726 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf51.1a (fragment). 11/
Zg62_Xenla P18731 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf62.1 (fragment). 11/9
Zg64_Xenla P18732 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf64.1 (fragment). 11/9
Zg66_Xenla P18733 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf66.1 (fragment). 11/9
Zg67_Xenla P18734 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf67.1 (fragment). 11/9
Zg71_Xenla P18736 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf71.1 (fragment). 11/9
Zg7_Xenla P18735 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf7.1 (fragment). 11/90
Zg8_Xenla P18737 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf8.2db (fragment). 11/
Zg9_Xenla P18738 xenopus laevis (african clawed frog). gastrula zinc finger
protein xlcgf9.1 (fragment). 11/90
Zk05_Human P17016 homo sapiens (human). zinc finger protein kox5 (fragment).
5/91 56bp
Zk06_Human P17017 homo sapiens (human). zinc finger protein kox6 (fragment).
5/91 56bp
Zk08_Human P17019 homo sapiens (human). zinc finger protein kox8 (fragment).
5/91 56bp
Zk09_Human P17020 homo sapiens (human). zinc finger protein kox9 (fragment).
5/91 56bp
Zk10_Human P17021 homo sapiens (human). zinc finger protein kox10 (fragment).
5/91 56bp
Zk11_Human P17022 homo sapiens (human). zinc finger protein kox11 (fragment).
5/91 56bp
Zk13_Human P17024 homo sapiens (human). zinc finger protein kox13 (fragment).
5/91 56bp
Zk14_Human P17025 homo sapiens (human). zinc finger protein kox14 (fragment).
5/91 56bp
Zk16_Human P17027 homo sapiens (human). zinc finger protein kox16 (fragment).
5/91 56bp
Zk18_Human P17029 homo sapiens (human). zinc finger protein kox18 (fragment).
5/91 56bp
Zk21_Human P17032 homo sapiens (human). zinc finger protein kox21 (fragment).
5/91 56bp
Zk22_Human P17033 homo sapiens (human). zinc finger protein kox22 (fragment).
5/91 56bp
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Zk23_Human P17034 homo sapiens (human). zinc finger protein kox23 (fragment).
5/91 56bp
Zk24_Human P17035 homo sapiens (human). zinc finger protein kox24 (fragment).
5/91 56bp
Zk25_Human P17036 homo sapiens (human). zinc finger protein kox25 (fragment).
5/91 56bp
Zk27_Human P17038 homo sapiens (human). zinc finger protein kox27 (fragment).
5/91 56bp
Zk28_Human P17039 homo sapiens (human). zinc finger protein kox28 (fragment).
5/91 50bp
Zk29_Human P17040 homo sapiens (human). zinc finger protein kox29 (fragment).
5/91 56bp
Zk30_Human P17041 homo sapiens (human). zinc finger protein kox30 (fragment).
5/91 52bp
Zkr1_Chick P30373 gallus gallus (chicken). zinc finger protein ckr1. 4/93 509bp
Zn07_Human P17097 homo sapiens (human). zinc finger protein 7 (zinc finger
protein kox4). 12/92 686bp
Zn08_Human P17098 homo sapiens (human). zinc finger protein 8 (fragment). 12/92
543bp
Zn10_Human P21506 homo sapiens (human). zinc finger protein 10 (zinc finger
protein kox1) (fragment). 12/92 462
Zn11_Human P17013 homo sapiens (human). zinc finger protein 11a (zinc finger
protein kox2) (fragment). 12/92 56
Zn12_Human P17014 homo sapiens (human). zinc finger protein 12 (zinc finger
protein kox3) (fragment). 12/92 56b
Zn19_Human P17023 homo sapiens (human). zinc finger protein 19 (zinc finger
protein kox12) (fragment). 12/92 56
Zn22_Human P17026 homo sapiens (human). zinc finger protein 22 (zinc finger
protein kox15) (fragment). 12/92 56
Zn24_Human P17028 homo sapiens (human). zinc finger protein 24 (zinc finger
protein kox17) (fragment). 12/92 44
Zn25_Human P17030 homo sapiens (human). zinc finger protein 25 (zinc finger
protein kox19) (fragment). 12/92 56
Zn26_Human P17031 homo sapiens (human). zinc finger protein 26 (zinc finger
protein kox20) (fragment). 12/92 56
Zn29_Human P17037 homo sapiens (human). zinc finger protein 29 (zinc finger
protein kox26) (fragment). 8/92 56b
Zn35_Human P13682 homo sapiens (human). zinc finger protein 35 (zinc finger
protein hf.10). 12/92 491bp
Zn40_Human P15822 homo sapiens zinc finger protein 40 (human
immunodeficiency virus type i enhancer- binding pr
Zn42_Human P28698 homo sapiens (human). zinc finger protein 42 (myeloid zinc
finger 1) (mzf-1). 12/92 485bp
Zn43_Human P28160 homo sapiens (human). zinc finger protein 43. 12/92 803bp
Zn44_Human P15621 homo sapiens (human). zinc finger protein 44 (zinc finger
protein kox7) (clone 431) (fragment
Zn46_Human P24278 homo sapiens (human). zinc finger protein 46 (zinc finger
protein kup). 12/92 433bp
Znf1_Canal P28875 candida albicans (yeast). zinc finger protein 1. 12/92 388bp
Znfp_Lycva P18541 lymphocytic choriomeningitis virus (strain armstrong). zinc
finger protein. 2/91 90bp
Znfp_Lycvp P19326 lymphocytic choriomeningitis virus (strain pasteur). zinc
finger protein (fragment). 2/91 51b
Znfp_Lycvt P19325 lymphocytic choriomeningitis virus (strain traub). zinc finger
protein (fragment). 2/91 72bp
Zo10_Xenla P18739 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof10 (fragment). 11/90 21
Zo14_Xenla P18740 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof14 (fragment). 11/90 13
Zo15_Xenla P18741 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof15 (fragment). 11/90 14
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Zo19_Xenla P18742 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof19 (fragment). 11/90 16
Zo20_Xenla P18744 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof20 (fragment). 11/90 24
Zo22_Xenla P18745 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof22. 11/90 435bp
Zo26_Xenla P18746 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof26 (fragment). 11/90 19
Zo28_Xenla P18747 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof28 (fragment). 11/90 43
Zo29_Xenla P18748 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof29. 11/91 537bp
Zo2_Xenla P18743 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof2 (fragment). 11/90 157
Zo61_Xenla P18750 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof6.1 (fragment). 11/90 2
Zo6_Xenla P18749 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof6 (fragment). 11/90 453
Zo71_Xenla P18751 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof7.1 (fragment). 11/90 8
Zo72_Xenla P18752 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof7.2 (fragment). 11/90 3
Zo84_Xenla P18753 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof8.4 (fragment). 11/90 7
Zo8i_Xenla P18853 xenopus laevis (african clawed frog). oocyte zinc finger
protein xlcof8.4i (fragment). 11/90 
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¶ÈÓ·Î·˜ 7. AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÂÁ¿ÏË˜ ÔÈÎÔÁ¤ÓÂÈ·˜ Ô˘ ÂÚÈ¤¯Ô˘Ó ÚÔÏ›ÓË
ÛÙË ı¤ÛË b

ZFA_MOUSE PHKCDMCDKGFIIKPSELKKIIV AAIIKGKK P23607 mus musculus
(mouse). zinc finger autosomal protein. 598 
ZFA_MOUSE PHICVECGKGFCIIPSELKKHMKIHTGEK P23607 mus musculus (mouse).
zinc finger autosomal protein. 484
ZFA_MOUSE PHCCEIICKKGFKRPSEKNQH IMRHIIKEV P23607 mus musculus (mouse).
zinc finger autosomal protein. 712
ZFXl_MOUSE PHKCDMCDKGFHRPSELKKHVAAHKGKK P17011 mus musculus
(mouse). zinc finger x-chromosomal prote 655
ZFXl_MOUSE PHRCEYCKKGFRKPSEKNQHIMRHHKEV P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 769
ZFX1 MOUSE PHICVECGKGFRIIPSELKKHMKIHTGEK P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 541
ZFX2 MOUSE PHKCDMCDKGFHKPSELKKHV AAIIKGKK P 17012 mus musculus
(mouse) - zinc finger x-chromosomal prote 695
ZFX2_MOUSE PHICVECGKGFRHPSELKKIIMRIHTGEK P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 581
ZFX2_MOUSE PHRCEYCKKGFRRPSEKNQHIMRHHKEV P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 809
ZFX_HUMAN PHKCDMCDKGFHRPSELKKIHVAAHKGKK P17010 homo sapiens (fan)-
zinc finger x-chromosomal prote 661
ZFX HUMAN PHICVECGKGFRHPSELKKHMKIHTGEK P17010 homo sapiens (human)-
zinc finger x-chromosomal prote 547
ZFX HUMAN PHRCEYCKKGFRRPSEKNQHIMRHHKEV P17010 homo sapiens (human).
zinc finger x-chromosomal prote 775
ZFYl_MOUSE PHSCDFCKKGFRRPSEKNQHIMRHHKVG Pl0925 mus musculus (mouse).
zinc finger y-chromosomal prote 753
ZFY l_MOUSE PHKCDMCSKGFHRPSELKKHVATHKSKK P 10925 mus musculus
(mouse). zinc finger y-chromosomal prote 639
ZFY l_MOUSE PHICGECGKGFRHPSALKKHIRVHTGEK P 10925 mus musculus (mouse).
zinc finger y-chromos omal protein
525 ZFYZ_MOUSE PHICGECGKGFRHPSALKKHIRVHTGEK P20062 mus musculus
(mouse). zinc finger y-chromosomal prote 525
ZFY2_MOUSE PHKCDMCSKGFHRPSELKKHV ATHKSKK P20062 mus musculus
(mouse). zinc finger y-chromosomal prote 639
ZFY2_MOUSE PHRCDFCKKGFRRPSEKNQHIMRHHKEV P20062 mus musculus (mouse).
zinc finger y-chromosomal prote 753
ZFY_HUMAN PHKCEMCEKGFHRPSELKKHV AVHKGKK P08008 homo sapiens
(human). zinc finger y-chromosomal prote 657
ZFY_HUMAN PHRCEY CKKGFRRPSEKNQHIMRHHKEV P08008 homo sapiens (human).
zinc finger y-chromosomal prote 771
ZFY_HUMAN PHICVECGKGFRYPSELRKHMRIHTGEK P08008 homo sapiens (human).
zinc finger y-chromosomal prote 543
Z028 XENLA PHKCNLCDKTFHYPSNLVEHQRTHTGDR P18747 xenopus laevis (african
clawed frog). oocyte zinc fin 117
Z071 XENLA PFSCSECGKGFTRPNALIIHHRTHTGEK P18751 xenopus laevis (african
clawed frog). oocyte zinc fin 369
Z071 XENLA PFSCFECRKCFSNPSNLARHQMTHTGEK P18751 xenopus laevis (african
clawed frog). oocyte zinc fin 594
Z084_XENLA PFSCSECGKCFSTPHVRARHQKTHTGEK P18753 xenopus laevis (african
clawed frog). oocyte zinc fin 305
MGFZ_MOUSE PFECKECGKAFLLPSQLNSHKIVHTSKR P 16373 mus musculus (mouse).
zinc finger protein mfg2 (fragm 307
ZF36_HUMAN PYKCKLCGKAFVWPSLFHLHERTHTGEK Pl6415 homo 
sapiens (human). zinc finger protein zfp-36 (fra 225
ZF36_HUMAN PHKCKICGKGFDCPSSVRNIIETTHTGEK Pl6451homo sapiens (human).
zinc finger protein zfp-36 (fra 365 
ZF36_HUMAN PQKCKICGKAFGCPSLFQRHERTHTGEK homo sapiens (human). zinc
finger protein zfp-36 (fra 421
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ZK 13_HUMAN ADECKECGNAFSFPSEIRRHKRSHTGEK P 17024 homo sapiens (human).
zinc finger protein kox 13 (fra
ZN40_HUMAN KY ICEYCNRACAKPSVLLKHIRSHTGER homo sapiens zinc finger protein
40 (human immunod( :fi 
ZN40_HUMAN KYICEECGIRCKKPSMLKKHIRTHTDVR homo sapiens zinc finger protein
40 (human immunodt fi 
ZN43 HUMAN PYKCEECGKAFNWPSTLTKHKRIHTGEK homo sapiens (human). zinc
finger protein 43. 12/92 
ZN43_HUMAN PYKCEECGKAFNWPSTLTKHNRIHTGEK homo sapiens (human). zinc
finger protein 43. 12/92 
ZN43 HUMAN PYKCEKCGKAFNRPSNLIEHKKIHTGEQ homo sapiens (human). zinc
finger protein 43. 12/92 
ZN44 HUMAN PHKCTVCGKAFDSPSVFQRHERTHTGEK homo sapiens (human). zinc
finger protein 44 (zinc fi
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¶ÈÓ·Î·˜ 9. AÏÏËÏÔ˘¯›Â˜ ÌÂ ‰È·ÊÔÚÂÙÈÎ‹ ·ÏÏËÏÔ˘¯›· ·fi ÙËÓ ÏÂÈÔ„ËÊ›·
ÙˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘

AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÔÚÊ‹˜ C2XC11XH3H

MGF2_MOUSE PFQCEACGKSLANTLLIHHQKSHSGERPF P16373 mus musculus (mouse).
zinc finger protein mfg2 (fragm 280 
SDCl_CAEEL MSSCHLCHLPVPNKFLEAHGNVHRGRFRI P24349 caenorhabditis elegans.
zinc-finger protein sdc- 1. 81 234 
ZG20_XENLA AFSCNLCDKLSIISKLRLHYRVHSGEKPY P18714 xenopus laevis (african
clawed frog). gastrula zinc f 395 
ZG52_XENLA PFTCPECGKRFSQKSNCWHTEDHTGEKPF P18727 xenopus laevis (african
clawed frog). gastrula zinc f 5

AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÔÚÊ‹˜ C2XC11XH4XH

SDCl_CAEEL VVVCFIICGTRCHYTLLHDHLDYCHYWPRN P24349 caenorhabditis
elegans. zinc-finger protein sdc-l. 8/ 653 
ZN07_HUMAN ISRCQECQKKLSDCLQGKHTNNCHGEKPY P17097 homo sapiens
(human). zinc finger protein 7 (zinc fin 222

AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÔÚÊ‹˜ C2XC11XH5XH

ZKRl_CHICK PQRCAECGKAFRAAPPLRRHRRERSHRCGDCGKGF P30373 gallus gallus
(chicken). zinc finger protein ckrl. 41 278 
ZN40_HUMAN PYPCVTCGFSFKTKSNLYKHKKSHAHTIKLGLVLQ P15822 homo sapiens
zinc finger protein 40 (human immunodefi 433 
ZN40 HUMAN PYHCTY CNFSFKTKGNLTKHMKSKAHSKKCVDLGI P15822 homo
sapiens zinc finger protein 40 (human immunodefi 2114

AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÔÚÊ‹˜ C4XC12XH3XH

EGRl_HUMAN PYACPVESCDRRFSRSDELTRHIRIHTGQ P18146 homo sapiens (human)
early growth response protein 1 337
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¶ÈÓ·Î·˜ 10. AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÈÎÚ‹˜ ÔÈÎÔÁ¤ÓÂÈ·˜ ÌÂ ÚÔÏ›ÓÂ˜ ÛÙË ı¤ÛË b

ZFA MOUSE THQCRIICDFKIADPFVLSRH lLSVHTKDL P23607 mus musculus (mouse).
zinc finger autosomal protein. 626 
ZFA MOUSE PHCCEHCKKGFRRPSEKNQHIMRHHKEVG P23607 mus musculus (mouse).
zinc finger autosomal protein. 712 
ZFXl MOUSE PHRCEYCKKGFRRPSEKNQHIMRHI~KEVG P17011 mus musculus
(mouse). zinc finger x-chromosomal prote 769 
ZFX l_MOUSE MHQCRHCDFKIADPFVLSRHILSVHTKDL P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 683 
ZFX2 MOUSE PIIRCEY CKKGFRRPSEKNQHIMRHHKEVG P17012 mus musculus
(mouse). zinc finger x-chromosomal prote 809 
ZFX2 MOUSE MHQCRHCDFKIADPFVLSRHILSVHTKDL P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 723 
ZFX HUMAN PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P17010 homo sapiens
(human). zinc finger x-chromosomal prote 775 
ZFX_HUMAN MHQCRHCDFKIADPFVLSRHILSVHTKDL P 17010 homo sapiens (human).
zinc finger x-chromosomal prote 689 
ZFYl MOUSE PHSCDFCKKGFRRPSEKNQHIMRHHKVGL Pl0925 mus musculus (mouse).
zinc finger y-chromosomal prote 753 
ZFY l_MOUSE MHQCRHCDFNSPDPFLLSHHILSAHTKNV P 10925 mus musculus (mouse).
zinc finger y-chromosomal prote 667 
ZFY2_MOUSE PHRCDFCKKGFRRPSEKNQHIMRHHKEVG P20662 mus musculus
(mouse). zinc finger y-chromosomal prote 753 
ZFY2_MOUSE MHQCRHCDFNSPDPFLLSHHILSAHTKNV P20062 mus musculus (mouse).
zinc finger y-chromosomal prote 667 
ZFY_HUMAN MHQCRHCDFKIADPFVLSRHILSVHTKDL P08008 homo sapiens (human).
zinc finger y-chromosomal prote 685 
ZFY_HUMAN PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P08008 homo sapiens
(human). zinc finger y-chromosomal prote 771
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¶ÈÓ·Î·˜ 11. AÏÏËÏÔ˘¯›Â˜ ÙË˜ ÌÔÚÊ‹˜ C2XC12XH4XH

ZF28 MOUSE PYECPECGKAFIQNTSLVRHWRYYHTGEK PlO078 mus musculus (mouse).
zinc finger protein zfp-28 (mkr 165 
ZF36 HUMAN PFDCKECAKTFSSLGNLRRHMAAGDGP P16415 homo sapiens (human). zinc
finger protein zfp-36 (fra 197 
ZFA_MOUSE MHKCKFCEYETAEQGLLNRIILLAVIISKNF P23607 mus musculus (mouse).
zinc finger autosomal protein. 455 
ZFA_MOUSE PYECQYCEYRSTDSSNLKTHVKTKlISKEM P23607 mus musculus (mouse).
zinc finger autosomal protein. 512 
ZF A MOUSE THQCLlICDHKSSNSSDLKRHllSVllTKDY P23607 mus musculus (mouse).
zinc finger autosomal protein. 569 
ZFA_MOUSE THQCRHCDFKIADPFVLSRHILSVHTKDL P23607 mus musculus (mouse).
zinc finger autosomal protein. 626 
ZFA MOUSE VYQCEYCDYSTTDASGFKRHVISHITKDY P23607 mus musculus (mouse).
zinc finger autosomal protein. 683 
ZFA MOUSE PHCCEHCKKGFRRPSEKNQHIMRHHKEVG P23607 mus musculus (mouse).
zinc finger autosomal protein. 712 
ZFXl_MOUSE MIIKCKFCEYETAEQGLLNRHLLAVHSKNF P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 512 
ZFXl_MOUSE PYECQYCEYRSADSSNLKTHVKTKHSKEM P17011 mus musculus
(mouse). zinc finger x-chromosomal prote 569 
ZFXl_MOUSE THQCLHCDHKSSNSSDLKRHIISVHTKDY P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 626 
ZFX l_MOUSE MHQCRHCDFKIADPFVLSRHlLSVHTKDL P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 683 
ZFXl_MOUSE VYQCEYCEYSTTDASGFKRHVISIHTKDY P17011 mus musculus (mouse).
zinc finger x-chromosomal prote 740 
ZFXl_MOUSE PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P17011 mus musculus
(mouse). zinc finger x-chromosomal prote 769 
ZFX2_MOUSE MHKCKFCEYET AEQGLLNRHLLAVHSKF P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 552 
ZFX2_MOUSE PYECQYCEYRSADSSNLKTHVKTKHSKEM P17012 mus musculus
(mouse). zinc finger x-chromosomal prote 609 
ZFX2_MOUSE THQCLHCDHKSSNSSDLKRHIISVHTKY P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 666 
ZFX2_MOUSE MHQCRHCDFKIADPFVLSRHILSVHTKDL P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 723 
ZFX2_MOUSE VYQCEYCEYSTTDASGFKRHVISIHTKDY P17012 mus musculus (mouse).
zinc finger x-chromosomal prote 780 
ZFX2_MOUSE PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P17012 mus musculus
(mouse). zinc finger x-chromosomal prote 809 
ZFX_HUMAN MHKCKFCEYETAEQGLLNRHLLAVHSKNF P17010 homo sapiens (human).
zinc finger x-chromosomal prote 518 
ZFX_HUMAN PYQCQYCEYRSADSSNLKTHVKTKHSKEM P17010 homo sapiens
(human). zinc finger x-chromosomal prote 575 
ZFX_HUMAN THQCLHCDHKSSNSSDLKRHIISVHTKDY P17010 homo sapiens (human).
zinc finger x-chromosomal prote 632 
ZFX_HUMAN MHQCRHCDFKIADPFVLSRHILSVHTKDL P17010 homo sapiens (human).
zinc finger x-chromosomal prote 689 
ZFX_HUMAN VYQCEYCEYSITDASGFKRHVISIHTKDY P17010 homo sapiens (human).
zinc finger x-chromosomal prote 746 
ZFX_HUMAN PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P17010 homo sapiens
(human). zinc finger x-chromosomal prote 775 
ZFY l_MOUSE TCKCKFCDYETAEQTLLNHHLLVVHRKKF P10925 mus musculus
(mouse). zinc finger y-chromosomal prote 496

ZFY1 MOUSE PYFECQYCEYKSADSSNLKTHIKSK I ISKEI  P10925 mus musculus
(mouse). zinc finger, y-chromosomal prote 553 
ZFY1 MOUSE THQCSHCNHKSSNSSDLKRHIISVHTKAY P10925 mus musculus (mouse).
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zinc finger y-chromosomal prote 610 
ZFY1 MOUSE MHQCRHCDFNSPDPFLLSHHlLSAIITKNV P10925 mus musculus (mouse).
zinc finger y-chromosomal prole 667 
ZFY1 MOUSE VYQCEYCEYSTKDASGFKRHVISIHTKDY Pl0925 mus musculus (mouse).
zinc finger y-chromosomal prote 724 
ZFY1 MOUSE PHSCDFCKKGFRRPSEKNQHIMRIIIIKVGL Pl0925 mus musculus (mouse).
zinc finger y-chromosomal prote 753 
ZFY2_MOUSE TCKCKFCDYETAEQTLLNHHLLVVHRKKF P20062 mus musculus
(mouse). zinc finger y-chromosomal prote 496 
ZFY2_MOUSE PYECQYCEYKSADSSNLKTHIKSKHSKEI P20062 mus musculus (mouse)-
zinc finger y-chromosomal prote 553 
ZFY2_MOUSE THQCSI~CNHKSSNSSDLKRHIISVHTKAY P20062 mus musculus (mouse).
zinc finger y-chromosomal prote 610 
ZFY2 MOUSE MHQCRHCDFNSPDPFLLSHHILSAIHTKNV P20062 mus musculus (mouse).
zinc finger y-chromosomal prote 667 
ZFY2_MOUSE VYQCEYCEYSTKDASGFKRIIVISIHTKDY P20062 mus musculus (mouse).
zinc finger y-chromosomal prote 724 
ZFY2_MOUSE PHRCDFCKKGFRRPSEKNQHIMRHHKEVG P20662 mus musculus
(mouse). zinc finger y-chromosomal prote 753 
ZFY HUMAN MHKCKFCEYETAEQGLLNRHILLAVHSKNF P08008 homo sapiens
(human). zinc finger y-chromosomal prote 514 
ZFY_HUMAN PYQCQYCEYRSADSSNLKTHIKTKHSKEM P08008 homo sapiens (human).
zinc finger y-chromosomal prote 571 
ZFY HUMAN THQCLHCDHKSSNSSDLKRHVISVHTKDY P08008 homo sapiens (human).
zinc finger y-chromosomal prote 628 
ZFY_HUMAN MHQCRHCDFKIADPFVLSRHILSVHTKDL P08008 homo sapiens (human).
zinc finger y-chromosomal prote 685 
ZFY_HUMAN VYQCEYCEYSTTDASGFKRHVISIHTKDY P08008 homo sapiens (human).
zinc finger y-chromosomal prote 742 
ZFY HUMAN PHRCEYCKKGFRRPSEKNQHIMRHHKEVG P08008 homo sapiens
(human). zinc finger y-chromosomal prote 771 
ZG17_XENLA PFSCSECGKCF ARSSDLTVHRRRSHTKEK P18713 xenopus laevis (african
clawed frog). gastrula zinc f 145 
ZG26 XENLA PFSCTECGKCFTIKSTLQSHLKRTHTGEK P18715 xenopus laevis (african
clawed frog). gastrula zinc f 285 
ZG62 XENLA PFTCTDCGKCFSVKSILNHHRQAIHSGEK P18731 xenopus laevis (african
clawed frog). gastrula zinc f 89 
ZG66 XENLA HDFCSECGKCFATSSQLIAHQQQVHIEVK P18733 xenopus laevis (african
clawed frog). gastrula zinc f 383 
ZG66_XENLA PYSCSECGKCFASSSHLIGHRQQVHMEGK P18733 xenopus laevis (african
clawed frog). gastrula zinc f 440 
ZG66 XENLA PYSCSECGKCFATSSQLMAHQQQVHIEVK P18733 xenopus laevis (african
clawed frog). gastrula zinc f 497 
ZG66 XENLA PDFCFECGKCFATSLQLIAHQQQVHMEVK P 18733 xenopus laevis (african
clawed frog). gastrula zinc f 554 
ZNFP_LYCVA PLSCKSCWQKFDSLVRCHDHYLCRHCLNL P18541 lymphocytic
choriomeningitis virus (strain Mmstrong) 29 
ZNFP_LYCVP PLNCKSCWQKFDSLVRCHDHYLCRHCLNL P19326 lymphocytic
choriomeningitis virus (strain pasteur). 
ZNFP_LYCVT PLNCKSCWQKFDSFSKCHDHYLCRHCLNL P19325 lymphocytic
choriomeningitis virus (strain traub). zi 29 
Z0Z2 XENLA LHSCSQCGKCFSSSSDLLAHRRQSHTREK P18745 xenopus laevis (african
clawed frog). oocyte zinc fin 96
Z022 XENLA PYSCSECGKSFVTSSQLAVllRRRTHTGEK P18745 xenopus laevis (afriCarl
clawed frog). oocyte zinc fin 321 
Z022 XENLA LFSCSECGKSFVTSSKLASHQRQTIITGEK P 18745 xenopus laevis (african
clawed frog). oocyte zinc fin 378 
Z06 XENLA GFICSKCGETFTVNSHLLTIILCGKHERIY P18749 xenopus laevis (afriCarl
clawed frog). oocyte zinc fin 5 
Z071 XENLA PFCCSECGKCFSSSSGLTAIHQQRTHMKVK P18751 xenopus laevis (african
clawed frog). oocyte zinc fin 537 
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Z071 XENLA PISCPECEECFVSSSQLTAHQQQAHRMVK P18751 xenopus laevis (afriCarl
clawed frog). oocyte zinc fin 734
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¶ÚÔÁÚ¿ÌÌ·Ù· Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó Û’ ·˘Ù‹Ó ÙËÓ ÂÚÁ·Û›·

¶ÚfiÁÚ·ÌÌ· ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙˆÓ Û¯ÂÙÈÎÒÓ Û˘¯ÓÔÙ‹ÙˆÓ (R.O.) Î·È Ù˘ÈÎÒÓ
·ÔÎÏ›ÛÂˆÓ (e.s.d’s) ÁÈ· Ù· ·ÓÙ›ÛÙÔÈ¯· ˙Â˘Á¿ÚÈ·.

PROGRAM compar
INTEGER resocl, resoc2, occsum, respsl, resps2, comocc
REAL sdf n, a, b, c
REAL respcl, respcZ, combpc, norpc
CJIARACTER*l postpl, postpZ, anposl, anposZ, restyp, anresl, 
anres2 
CHARACTER*23 aares 
CHARACTER*80 filinl, filin2, cmpfil, outnl, outf1Z, inpstr
CHARACTER*122 outstr
DIMENSION respcl(20), respc2(20), combpc(20,20), comocc(20,20), sdf(20,20), 
resocl(20), resoc2(20) 
aares=’KEQDNRSTPGAYHLMWVFIC’

WRITE(*, *)' Please enter datafile #1 :’
READ(*, '(A80)')filinl OPEN(11,ERR=999,FILE=filinl,STATUS='OLD')

WRITE(*, *)' Please enter datafile #2 .
READ(*,'(A80)')filinZ OPEN(12,ERR=999,FILE=filin2,STATUS='OLD')

WRITE(*, *)' Now enter the file to be analysed
READ(*, '(A80) ')cmpfil OPEN(14,ERR=999,FILE=mlpfi1,STATUS='OLD , ,
- CARRIAGECONTR OL='LIST')

c Pass by headers in file 1

100 READ(11, '(A80)')inpstr
IF (inpstr(l:l).NE.'#') GO TO 100
READ(inpstr(8:8), '(Al) ')postpl

c Pass by headers in file 2
101 READ(12, '(A80)')inpstr
IF (inpstr(l.l).NE.'#')GO TO 101
READ(inpstr(8:8), '(Al)')postp2

c Pass by headers In file 3
102 READ(14, '(A80)')inpstr
IF (inpstr(l:l).NE.'#') GO TO 102 READ(inpstr(1:16),'(2(ZX,Al))')anposl, anpos2 
IF ((Posrpl.NE.anposl).0R.(posrp2.NE.anpos2)) - STOP'***Positlon mismatch
In 
the fi1es***'
WRITE(*,*) ' Doing the hard lob...'

c Read and normalise occurences in file 1 
occsum=0
200 READ(11, '(A80)',END=201)inpstr
READ(inpstr(8:8), '(Al))restyp
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respsl=INDEX(aares ,restyp) READ(blpstr(21:24), (I4)')resocl(respsl)
occsum=occsum+resocl(respsl)
GO TO 200 
201 DO i=1,20 
respcl(i)=FLOAT(resocl(i))/FLOAT(occsum)
ENDDO
c Read and normalise occurrences in file 2
occsum=0 
210 READ(12, '(A8O)',END~211)inpstr
READ(inpstr(8:8), '(Al)')restyp
resps2=INDEX(aares,restyp)
READ(inpstr(21:24), '(14) ')resoc2(resps2)
occsum =occsum +resoc2(resps2)
GO TO 210 
DO I=1,2O
respc2(i)=FLOAT(resoc2(i))/FLOA T(occsum) 
ENDDO
occsum=0 
300 READ(14, '(A80) ',END~3O1)inpstr 
READ(inpstr(1:16), '(2(7X,Al))')anresl,anres2 
respsl=INDEX(aares,anresl) 
resps2=INDEX(aares, anres2) 
READ(inpstr(21:24), '(I4)')comocc(respsl,resps2) 
occsum~occsum+comocc(respsl,resps2) 
GOTO 300 
301 DO i1=1,20 
DO i2=1,20 
n=FLOAT(occsum) 
c=FLOAT(comocc(il,i2)) 
a=FLOAT(resocl(il)) 
b=FLOAT(resoc2(i2))
combpc(il,iZ)=c/n 
IF ((a.NE.O.O).AND.(b.NE.O.O)) THEN 
sdf(il,i2)=(n*n)*( (c/(b*a))*(c/(b*a*a)) +
+ (c/(a*b))*(c/(a*b*b)) + + (c/(a*b))*(l/(a*b)) )
sdf(il,i2)=SQRT(sdf(il,i2)) 
ELSE 
sdf(il,i2)=-1.0 
ENDIF 
ENDDO 
ENDDO
WRITE(*, *) ‘ ............................’ 
WRITE(*, *)' That was easy.'
WRITE(*, *)' Output file for number of times:’
READ(*, '(A80)')outfll 
OPEN(15,ERR=998,FILE=outfll,STATUS=WEW'
CARRIAGECONTROL='LIST') 
WRITE(15, *)' Relative occurrence'
WRITE(*, *)' Output file for SDs .
READ(*, '(A80) ')outfl2 OPEN(16,ERR=99S,FILE=outfl2,STATUS=NEW' 
CARRIAGECONTROL='LIST'),
WRITE(16, *)' SD of Relative occurrence'
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DO il=1,122 
outstr(il:il)=’   ‘, 

ENDDO 
DO il=1,20 

outstr(il*6+2:il*6+2)=aares(il:il) 
ENDDO 
WRITE(15, '(A122)')outstr 
WRITE(16, '(A122)')outstr

DO il=1,20 
DO i2=1,122 
outstr(i2:i2)=’ ‘ , 

ENDDO 
outstr(2:2)=aares(il:il) 
DO i2=1,20 
IF ((respcl(il).NE.0.0).AND.(respc2(i2).NE.0.0)) THEN

norpc=ombpc(il,i2)/(respcl(il)*respc2(i2)) 
WRITE(outstr(i2*6-3:i2*6+2), '(F6.2)')norpc 

ELSE 
WRITE(outstr(i2*6-3:i2*6+2), '(A6)')' ---~
ENDIF 

ENDDO 
WRITE(15 '(A122)')outstr 
DO i3=3,122 outstr(i3:i3)=’  ‘ , 
ENDDO 
DO i2=1,20 
IF (sdf(il,i2).NE.-1.0) THEN 
WRITE(outstr(i2*6-3:i2*6+2), '(F62)')sdf(il,i2)
ELSE 

WRITE(outstr(i2*6-3:i2~6+2), '(A6)')' ----‘
ENDIF 

ENDDO 
WRITE(16 '(A122)')outstr 
ENDDO

CLOSE(11)
CLOSE(12) 
CLOSE(14) 
CLOSE(15) 
CLOSE(16)

STOP'Ok' 
998 STOP'***Error creating output file***'
999 STOP'***Error accessiog ioput file***' END

¶ÚfiÁÚ·ÌÌ· ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙˆÓ ·ÓÙÈÛÙÔ›¯ˆÓ ÔÛÔÙ‹ÙˆÓ ÁÈ· ÙÈ˜ ÙÚÈÏ¤ÙÂ˜ 

PROGRAM compar3
INTEGER     resocl, resoc2, resoc3, occsum, respsl, resps2, 
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resps3, comocc, ooozer , monii, moonj, monkk

REAL sdf, n, 8, b, c, d 
REAL respcl, respc2, respc3, combpc, norpc, monpin 
CHARACTER*1 postpl, postpZ, postp3, anposl, anposZ, anpos3, - restyp,
anresl, anresZ, 
8nres3 CHARACTER*20 8ares 
CHARACTER*80 filinl, filin2, filin3, cmpfil, outfl1, inpstr 
CHARACTER*24 outstr 
DIMENSION respcl(20), respc2(20), respc3(20), combpc(20,20,20), 
- comocc(20,20,20), sdr(20,20,20), resocl(20), 
- resoc2(20), resoc3(20), monpin(8000), monii(8000), 
monjj(8000),monkk(8000) 
aares='KEQDNRSTPGAYHLMWVFIC'

WRITE(*,*)' Please enter d8tafile #1 :,
READ(*, '(A80) ')filinl 
OPEN(11,ERR=999,FILE=filin1,STATUS='OLD')
WRITE(*,*)' Ple8se enter d8tafile #2 :, 
READ(*, '(A80)')filin2 
OPEN(12,ERR=999,FILE=fi1in2,STATUS='OLD')
WRITE(*,*)' Ple8Se enter d8tafile #3 ;, 
READ(*, '(A80)')filin3 
OPEN(13,ERR =999,FILE=fi1in3,STATUS='OLD')
WRITE(*,*)' Now enter the file to be ana1ysed .
READ(*, '(A80)')cmpfil 
OPEN(14,ERR=999,FILE=cmpfH,STATUS='OLD' 
- CARRIAGEC0NTROL='LIST') ,
c Pass by headers in file 1 
101 READ(11, '(A80)')inpstr 
IF (inpstr(l:l).NE.'#') GO TO 101 
READ(inpsfr(8:8), '(Al)')postpl
c Pass by headers in file 2 
102 READ(12, '(A80)')inpstr 
IF (inpsfr(l:l).NE.'#') 
GO TO 102 READ(inpstr(8:8), '(Al)')postp2

c Pass by headers in file 3 
103 READ(13, '(A80) ')inpstr 
IF (inpstr(l:l).NE.'#') 
GO TO 103 READ(inpstr(8:8), '(Al)')postp3

c Pass by headers in comp. file 
104 READ(14, '(A80) ')lnpstr 
IF (inpsfr(l:l).NE.'#') GO TO 104 
READ(inpsfr(1:24),'(3(7X,Al))')anposl, anpos2, anpos3 
IF((Postpl.NE.anposl).OR.(postp2.NE.anpos2).OR.(postp3.NE.anpos3)) – 
STOP'***Position mismatch in the files***'

WRITE(*,*)' Doing the hard job...’'

c Read and nonn81ise occurrences in file 1 occsum=o
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210 READ(11.'(A80)' END=211)inpstr 
READ(inpsrr(8:8), '(Al)')resryp 
respsl=INDEX(aares,resryp) 
READ(inpsrr(21:24), '(I4)')resocl(respsl) 
occsum=occsum+resocl(respsl) 
GO TO 210 
DO i=1,20 respcl(i)=FLOAT(resocl(i))/FLOA T(occsum) 
ENDDO

c   Read and normalise occurrences in file 2 
occsum=0 
READ(12, '(A80)',END=221)inpstr 
READ(inpstr(8:8), '(Al)')resryp 
resps2=INDEX(aares,restyp) 
READ(inpsrr(21:24), '(I4)')resoc2(resps2) 
occsum =occsum +resoc2(resps2) 
GO TO 220 
221 DO i=1,20 
respc2(i)=FLOAT(resocZ(i))/FLOAT(occsum) 
ENDDO

c  Read and normalise occurrences in file 3 
occsum=0 
READ(13, '(A80)',END=231)inpsrr 
READ(inpstr(8:8), '(Al) ')resryp 
resps3=INDEX(aares,resryp) 
READ(inpstr(21:24), '(I4)')resoc3(resps3) 
occsum =occsum +resoc3 (res ps3) 
GO TO 230 
231 DO i=1,20 
respc3(i)=FLOAT(resoc3(i))/FLOA T(occsum) 
ENDDO
occsum=0 
300 READ(14, '(A80)',END=301)inpstr 
READ(inpstr(1:24), '(3(?X,Al)) ')anresl,anres2,anres3 
respsl=INDEX(aares,anresl) 
resps2=INDEX(aares, anres2) 
resps3=INDEX(aares, anres3) 
READ(inpstr(29:32), '(14) ')comocc(respsl,resps2,resps3) 
Occsum=occsum +comocc(respsl,resps2,resps3) 
GOTO 300 
301 DO il=1,20 
DO i2=1,20 

DO i3=1,20 
n=FLOAT(OCCSUIO) 

d=FLOAT(comocc(i1,i2,i3)) 
a=FLOAT(resocl(il)) 
b=FLOAT(resoc2(i2)) 
c=FLOAT(resoc3(i3)) 
combpc(il,i2,i3)=d/n 
IF ((a.NE.0.0).AND.(b.NH.0.0).AND.(c.NH.0.0)) THEN 

sdf(il,i2,i3)=(n**4)*( (d/(b*a*c))*(d/(b*a*a*c)) + 
+ (d/(a*b*c))*(d/(a*b*b*c)) + 
+ (d/(a*b*c))*(d/(a*b*c*c)) +
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+ (d/(a*b*c))*( l/(a*b*c)) 
sd(il,i2,i3)=SQRT(sdf(il,i2,i3))
ELSE
sdf(il,i2,i3)= -1.0
ENDIF
ENDDO
ENDDO
ENDDO

C Sort out numbers 
non.zer=l
DO il=1,20
DO i2=1,20 
DO i3=1,20 

IF ((respcl(il).NE.0.0).AND.(respc2(i2).NE.0.0) 
–                    .AND. (respc3(i3).NE.0.0)) THEN 
norpc=combpc(il,i2,i3)/(respcl(il)*respc2(i2)*respc3(i3))
monpin(non.zer)=norpc
monii(non.zer)=il
monjj(non.zer)=i2 
monkk (non.zer) =i3
if (norpc.NE.0.0) non.zer=non.zer+l

ENDIF
ENDDO
ENDDO
ENDDO
CALL sort(monpin,monii,monjj,monkk,anpos3,nonzer)
WRITE(*,*)' ............................ ‘
WRITE(*,*)' That was easy.'
WRITE(*,*)' Output file :’
READ(*, '(A80)')outfll 
OPEN(15,ERR=998,FILE=outfll,STATUS='NEW' 
CARRIAGECONTROL='LIST') ,
WRITE(15, '(3(lX,Al,lX),A21)')anposl,anpos2,anpos3, 
‘R-occ SD RO/SD'

DO il=l,nonzer
IF(monpin(il).NE.0.0) THEN
IF(sdf(monii(il),monjj(il),monkk(il)).NE.0.0) THEN 
WRITE(15,'(3(lX,Al,lX),3F7.2)') 
aares(monii(il):monii(il)),aares(monjj(il):monjj(il)), 
aares(monkk(il):monkk(il)),monpin(il),
sdf(monii(ll),monjj(il),monkk(il)), 
monpin(il)/sdf(monii(il),monjj(ll),monkk(il)) 

ELSE
WRITE(15, '(3(lX,Al,lX),2F7.2,3X,A4)') 
aares(monii(il):monii(ll)),aares(monjj(il):monjj(il)), 
aares(monkk(ll):monkk(ll)),monpin(ll),
sdf(monii(ll),monjj(il),monkk(il)), '----‘
ENDIF
ENDIF 
ENDDO
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CLOSE(11) 
CLOSE(12) 
CLOSE(14) 
CLOSE(15)

STOP'Ok'
998 STOP'***Error creating output file***' 
999 STOP'***Error accessing input file***' 
END

SUBROUTLNE sort(a,ii,jj,kk,gramma3,n}

CHARACTER*l gramma3
INTEGER bound,last,i,n,tempii,tempjj,tempkk
INTEGER ii, jj, kk 

REAL a, temp
DIMENSION a(*), ii(*), jj(*}, kk(*)

Bound=n 
1 last=0 
do 10 i=l,bound-l
if (a(i).lt.a(i+l)) then
temp=a(i) 
tempii=ii(i) 
tempii=ii(i) 
if(gramma3.ne.' ') tempkk=kk(i)

a(i)=a(i+l)
ii(i)=ii(i+l)
jj(i)=ii(i+l) 
if(gramma3.ne.‘ ’) kk(i)=kk(i+l)
a(i+l)=temp
ii(i+l) =tempii
jj(i+l)=tempjj 
if(gramma3.ne.’ ’) kk(i+l)=tempkk

last=i
endif

10 continue
bound=last

if (bound.ne.0) goto  1

return
end

¶ÚfiÁÚ·ÌÌ· ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙˆÓ Û˘¯ÓÔÙ‹ÙˆÓ ÂÓfi˜, ‹ ·Ú·¿Óˆ ·ÌÈÓÔÍ¤ˆÓ
ÛÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ı¤ÛÂÈ˜

PROGRAM taxinomhsh
INTEGER numpos, linpos, regstr , rawdat,str, thesh, vas
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INTEGER maxthesh,maxstr,secraw,rege,regl,numreg,pin2
INTEGER gnuml,gnum2,gnum3,pinak,rgstl,rgst2,rgst3
INTEGER monpin,monii,monjj,monkk,m 
CHARACTER*1 posryp,restyp,r,resl 
CHARACTER*1 rsrpl,rsrp2,rsrp3,grammal,gramma2,gramma3 
CHARACTER*23 aares 
CHARACTER*36 oursrr 
CHARACTER*80 inpstr, inpfil, ourfil,ourfiIl 
DIMENSION posryp(100),linpos(lW),rawdar(23,lW),pin2(24,24) 
DIMENSION man(23,100),srr(23,lW),rhesh(23,100), vas(lOO) 
DIMENSION secraw(23,100,100),rege(23,l00),pinak(24,24,24) 
DIMENSION monpin(l000),monii(l000),monjj(1000),monkk(1000) 
aares='KEQDNRPSTGAYHMLWVFICBZX' 
t=CHAR (9)

WRITE(*,*)'Please enter the filename:’ 
READ(*, '(A80) ')inpfil 
write(*,*) ‘ ‘

OPEN(11,ERR=999,FILE=inpfil,STATUS='OLD’
c 1 CARRIAGECONTROL='LIST')

100 READ(ll, '(A80)')inpsrr 
IF (inpsrr(l:l).NE.'#') GO TO 100
numpos=0 
DO lcntl=2,80
IF (inpstr(lcnrl:1cnrl).EQ.' GOTO  199 
numpos=numpos+l 
postyp(numpos)=blpstr(lcnrl:1Q2rl) 
lfup 05 (n umpos ) =lcn t 1 
199 CONTINUE 
ENDDO
IF (numpos.EQ.O) STOP'***No posidon types read***' 
WRITE(*, *) 'Number of positions =',numpos 
write(*,'(Al)') , CHARACTERS . " (postyp(i),i=l,numpos) 
wrire(*, *) , , 
wrire(*,*) 'PLEASE ENTER 3 CHARACTERS (e.x. a,b,c)'
C
wrire(*, *) 'character number 1 ...….?????’
read(*,'(Al)') gramma1  
write(*, *) 'character number 2 ...….?????’
read(*,'(Al)') gramma2  
wtite(*,*) 'IF YOU WANT ONLY 2 CHARACTERS PRESS RETURN .....!!!! 
write(*, *) 'chartacter number 3 ....?????' 
read(*,'(Al)') gramma3
do 1199 i=l,numpos 
if(postyp(i).eq.grammal) gnuml=i 
if(posryp(i).eq.grammaZ) gnum2=i 
if(gramma3.eq.' ') goto 1199 
if(postyp(i).eq.gramma3) gnum3=i 
1199 continue 
write(*, *) 'POSITIONS OF CHARS : ',gnuml,gnum2,gnum3
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2001 READ(11, ‘(A80)', END=8900)inpstr 
rstpl=inpstr(linpos(gnuml):linpos(gnuml)) 
rgstl=INDEX(aares,rstpl) 
rstp2=inpstr(Ihlpos(gnum2):linpos(gnum2)) 
rgst2=INDEX (aares,rstp2) 
if (gramma3.eq.' ') then 
pin2(rgstl,rgst2)=1+pin2(rgstl,rgst2) 
goto 8000 

endif 
rstp3=inpstr(linpos(gnum3):linpos(gnum3)) 
rgst3=LNDEX(aares,rstp3) 
pinak(rgstl,rgst2,rgst3)=1+pinak(rgstl,rgst2,rgst3) 
8000 continue 
GO TO 2001
8900 continue

if (gramma3.eq.' ') goto 6012 
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

WRITE(*,*)' Please enter Jilename (1) for output:' 
READ(*, '(A80) ')outfill 
OPEN(25,ERR=998,FILE=outfill,STATUS='UNKNOWN#)
c write(*,*) , grammal 
m=l 
do 7800 i=1,23 
do 7801 j=1,23 
do 7802 k=1,23 
m onpin (m) =pinak (i,j, k) 
monii(m)=i monjj(m)=j 
monkk(m)=k 
if (pinak(i,},k).eq.O) goto 7802 
write(*,*) i,j,k,' ',pinak(i,j,k) 
m=m+l 
7802 continue 
7801 continue 
7800 continue

call sort(monpin,monii,monjj,monkk,gramma3,m)
write(25, *) ‘*************** TAXINOMHMENOS PINAKAS
*************’

write(25, '(3(7X,Al),5X,A3)')grammal,gramma2,gramma3, 'sum' 
do 7888 i=l,m 
if(monpin(i).eq.0) goto 7888 
write(25, '(3(7X,Al),I8) ') 
aares(monii(i):monii(i)),aares(monjj(i):monjj(i)), 
aares(monkk(i):monkk(i)),monpin(i) 
7888 continue
close (25)
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goto 6013
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 
6012 WRITE(*,*)' Please enter filename (1) Jor output:
READ(*, '(A80)')outfill 
OPEN(25,ERR=998,FILE=outfi1l,STATUS='UNKNOWN')
C write(*,*) , grammal gramma2 number' 
m=l 
do 7821 i=1,23 
do 7822 j=1,23 
monpin(m)=pin2(i,j) 
monii(m)=i monjj(m)=j 
monkk(m)=o 
if (pinZ(i,j).eq.0) goto 7822 
c write(*,*) i,j,' ',pin2(i,j) 
m=m+l  
7822 continue 
7821 continue

call sort(monpin,monii,monjj,monkk,granHOa3,m)

write(25,*) ’*************88 TAXINOMHMENOS PINAKAS
***************’

write(ZS, '(2(7X,Al),5X,A3)')grammal,gramma2, 'sum , 
do 7898 i=l,m 
if(monpin(i).eq.O) goto 7898 
write(25 '(2(7X,Al),I8)') – 
aares(monii(i) :monii(i)),aares(monjj(i) :monjj(i)),monpin(i) 
7898 continue close (25)

6013 continue 
C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 
890 CLOSE(11)
goto 1000

998 STOP'~**EITor accessiog output file***'
999 999 STOP'***File oot fouod***' 
1000 STOP' *** SUCCESS ---- THE FILE IS READY ***, 
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE sort(a,ii,jj,kk,gramma3,n)
CHARACTER*1 gramma3
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INTEGER bound,la.~t,i.n,tempii,tempjj.tempkk
INTEGER a(lOW),ii(lOOO),jj(lOOO),kk(lOW),temp

bound=n 
C write(*,*) 'BOUND' bound
last=0 
do 10 i=l,bound-l

if (a(i).lt~a(i+l)) then 
temp=a(i) 
tempii=ii(i) 
tempjj=jj(i) 
if(gramma3.ne.’ ‘) tempkk=kk(i)

a(i)=a(i+l) 
ii(i)=ii(i+1) 
jj(i)=jj(i+l) 
if(gramma3.ne.’ ‘) kk(i)=kk(i+l)

a(i+l)=temp 
8(i+1)=temp8 
ii(i+l)=tempii 
if(gramma3.ne.’ ‘) kk(i+l)=tempkk

last=i 
endif

10 contblue 
bound=last 
if (bound.ne. 0) goto 1

return
end

¶ÚfiÁÚ·ÌÌ· ÁÈ· ÙËÓ ‰ËÌÈÔ˘ÚÁ›· ÙË˜ ‚¿ÛË˜ ‰Â‰ÔÌ¤ÓˆÓ ‰·ÎÙ‡ÏˆÓ „Â˘‰·ÚÁ‡ÚÔ˘

#include <stdio.h>
#include <stdlib.h>
#define BUFFSIZE 65535 
#define CODESIZE 12 
#define DESCRWID 60

char aacid[24]="ABCDEFGHIKLMNPQRSTVWXYZ".
main() 
{

int cnt0, cntf, cnt2, cnt3, cnt4, scntf, scnt2, wh;
int ofs f, ofs2, ofs3, flgx; 
int zinc fou, fing_fou; 
int indx();
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char namein[6]=”swiss”, nameout[9]=”zinc.out”.
char sbuf[BUFFSIZE] code[CODESIZE],

descripf[DESCRWID];
FILE "in , *out,;
inf chl='\n', ch2;

if ((in=fopen(namein,"r")) == NULL) 
[prinff("%s not found \n" namein); exit(l);}

if ((out=fopen(nameout,"w')) == NULL) 
[printf("Can not create %s \n",nameout); exit(l);}

flgx=0; 
while ((ch2=getc(in)) EOF {
/* 15 it code (>>>>) line ? */ 
if ((chl == '\n’ && (ch2 == '>')) {

/* If yes readln three lines */ 
buf[(cntl=1)]=ch2;
while ((ch2=getc(in)) !=’\n’
if ((++cntl) > BUFFSIZE) 

{printf("BUFFSIZE limit exceeded \n"}; exit(l};} 
buf[cntl]=ch2;

}/*endwhile*/ 
buf[cntl+l]='\n’;

/* Parse it and find code */ 
cnt2=1;
while (buf[cnt2] == ‘>’ cnt2++;  /* Pass by > signs */ 
if (buf[cnt2] == ‘’) , 
[while (buf[cnt2] == ‘’) cnt2++ ‘ } /* Pass by any possible spaces */ 
cnt3=0;
while ((buf[cnt2] !==’’) && (buf[cnt2] != '\n') && 
(buf[cnt2] != 0 ) && (cnt3 < CODESIZE)) 
[code[++cnt3]=buf[cnt2]; cnt2++;} 
while (cnt3 < CODESIZE) code[++cnt3]=’’;

/* Read the protein description line */ 
cntl=0; 
while ((ch2=getc(in)) != '\n') 
[ if ((++cntl) > BUFFSIZE) 
{printf("BUFFSIZE” limit exceeded “\n”); exit(l);} 
buf[cntl]=ch2;
/*endwhile */

/* Read the sequence line */ 
scntl=0;
while ((ch2=getc(in}) != ‘>’ ; { 
if(ch2 == EOF)flgx=1;
if ((wh=indx(ch2))!= 24) {
if ((++cnt1)>BUFFSIZE)
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{printf”BUFFSIZE” limit exceeded \n”);  exit(l);}
subf[scnt1]=ch2;
}*endif*/ 
}/*endwhile */ 
if (flgx == 0) {
ch1=’\n’;
lungetc(ch2,in);

ungetc(ch1,in);}
else { 
chl=EOF; 
ungetc(ch1,in);}

/* Try to find 'zinc' and 'fing' in the name */ 
zinc_fou=0;
fing_fou=0;
for (cnt2=1; cnt2<=cntl-3; cnt2++) { 

if ( ((buf[cnt2] == 'z’) || (buf[cnt2] =='Z’)) && 
((buf[cnt2+ 1] == 'i’) || (buf[cnt2+11 =='I’)) && 
((buf[cnt2+2] == 'n’) || (buf[cnt2+21 =='N')) && 
((buf[cnt2+3] == 'c') || (buf[cnt2+31 =='C')) ) zinc_fou=l;

if ( ((buf[cnt2] == 'f’) || (buf[cnt2] =='Z’)) && 
((buf[cnt2+ 1] == 'i’) || (buf[cnt2+1] =='I’)) && 
((buf[cnt2+2] == 'n’) || (buf[cnt2+2] =='N')) && 
((buf[cnt2+3] == 'g') || (buf[cnt2+3] =='C')) ) zinc_fou=l;
}/*endfor*/

if ((zinc_fou == 1) && (fing_fou == 1)) {

for (scnt2=l; scnt2<=scntl; scnt2++) { 
if (sbuf[scnt21 == 'C') { 
for (ofsl=3; ofsl<=5; ofsl++) {
if (scnt2+ofs1 > scntt) goto out_of_ran;
if (sbuf[scnt2+ofsl] == 'C’) {
for (ofs2=12 ofs2<=14; ofs2++) { 
if (scnt2+ofs1+ofs2 > scnt1) goto out_of_ran;
if (sbuf[scnt2+ofs1+ofs2] == 'H’ {

for (ofs3=4; ofs3<=5; ofs3++) { 
if (scnt2+ofs1+ofs2+ofs3 > scnt1) goto out_of_ran; 

if (sbuf[scnt2+ofs1+ofs2+ofs3] == 'H') {

cnt2=t;
while ((buf[cnt2] != 0) && (buf[cnt2] != '\n') && [while (cnt2 <= DESCRWID) 
{descript[cnt2]=buf[cnt2]; cnt2++;} 
while(cnt2 <= DESCRWID) descript[cnt2++1]=’ ‘;

for (cnt4= 1; cnt4<=CODESIZE; cnt4++) putc(code[cnt4],stdout);
for (cnt4=1; cnt4<=DESCRWID; cnt4++) putc(descript[cnt4] stdout);
fprintf(stdout” %d \n",scnt2);
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for (cnt4= 1; cnt4<=CODESIZE; cnt4++) putc(code[cnt4],out);
putc(' ',out);
for (cnt4=0-1; cnt4<=ofs 1+ofs2+ofs3+2; cnt4++) 

putc(sbuf[scnt2+cnt4-1],out);
putc(' ',out); putc(' ',out);
for (cnt4=1; cnt4<=DESCRWID; cnt4++) putc(descript[cnt4],out);
fprintf(out,” %d \n",scnt2);

}/*endif*/ 
}/*endfor*/

}/*endif*/ 
}/*endfor*/ 

}/*endif*/ 
}/*endfor*/
}/*endif*/
}/*endfor*/
}/*endif*/

out_of_ran: chl=’\n’;

}/*endif*/ 
else
chl=ch2;

}/*endwhile*/
fclose(in);
fclose(out);
}

int indx(ch)
int ch;

int cl, post=24;
for (cl=0;  cl<=22; cl++} { if (aacid[cl]==ch) return cl;} 
return post;
}
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