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ABSTRACT 

Purifications and crystallizations of two electron transfer 

proteins, azurin and cytochrome c', from Alcaligenes denitrificans 

and Alcaligenes sp� NClB 1 1 0 1 5  have been carried out. The azurin 

crystals from Alcaligenes denitrificans were found suitable for 

high resolution X-ray structure analysis. They are orthorhombic, 

space group C2221 (with marked tetragonal pseudosymmetry), cell 

dimensions a = 7s.oR, b = 74.li, c = 99.si, with two molecules 

per asymmetric unit. A 3i resolution electron density map of azurin 

was calculated. Four isomorphous heavy atom derivatives, prepared 

with KAu(CN)2, uranyl acetate, Hg(NH3)2cl2 and (KAu(C�)2 + uranyl 

acetate) (a double derivative) were used to calculate ?hases by the 

method of isomorphous replacement, giving an overall figure of merit 

of 0 . 6 14 .  The polypeptide chain could be followed una�biguously 

in both protein molecules in the asymmetric unit,with L�e aro�atic 

sidechains, in particular, readily identifiable because of their 

distinctive appearance. 

Kendrew skeletal models were built for both molecules, the poly

peptide chain(consisting of 129 amino acids) being found to be 

folded into an eight-strand B-barrel, with an additional flap 

containing a short helix. There is one disulphide bridge within the 

barrel. The topology of the molecule was found to be the same as 

that of plastocyanin, and a comparison of the three dimensional 

structures of azurin and plastocyanin allowed the sequences to be 

aligned on structural rather than purely statistical grounds. It 

also established the probability that the two proteins have evolved 

from a common ancestor. 

The copper atom has a highly-distorted tetrahedral co-ordination 

geometry, forming three shorter bonds (length approximately 2R), 

with a cysteine thiolate sulphur (Cys 1 12) and two histidine imidazole 



(Lii) 

n i t rogens (His 4 6  and 1 1 7) , as we l l  as a longe r bond ( ap proxima te l y  

3R) w i th a me thionine thioether sulphur (Me t  1 2 1) . A su rpris i ng 

resu l t  was the cl oseness o f  a pept ide carbony l oxygen , that o f  

Gly 45, t o  the copper a t om .  A t  this s t age o f  t he s t r ucture analysis 

i t  is not clear whe ther it should be  regarded as a l i gand , o r  no t .  

Red uc t ion o f  the pro te i n  cryst a ls wi th ch romo us i ons was 

a t t emp t e d , and the resul ts are d iscussed in terms o f  the poss i b le 

e lectron t ransfer mechan ism of  the p ro te i n .  

The cy toch rome c' crys t a ls f rom b o th spec i es o f  b ac t e r i a  

are hexago nal , sp ace group P 612 2  (or  P 6522), ce l l  d imensi ons 

a =  b = 54.7R, c � 185R y 120°, w i th one sub un i t  ( mo lecu l a r  we ight  

14,000) i n  the asymme t r ic un i t .  No  st ruc t ural work h as been ca rried 

out on th ese . 
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