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"It s  a bit late in t he day to  introduce the idea now , but 

almost any mammal's milk would be easi er to modi fy than 

co w's milk . Pig's milk i s  ac tually nearest t o  hum an milk. 

Camel milk and mare's milk have a bet ter balance for 

humans . S heep's milk is OK and so is goat's .  Reindeer 

milk would be a bit fat , dog1s milk a bit  thin. Now, 

o t ter's milk could be just  righ t . Perhaps we shoul d look 

into it." 

M. Bateman ("Sunday Times" - London , 1 6  March 1 9 75) 



( i i i ) 

ABSTRACT 

Lactof errin ( L f) ,  iso l ated from human co lostrum , has 

b e en compl exed with  a vari e ty o f  transi t ion me tal i o ns .  I n  

addi tion t o  binding two iron ( III) o r  c o pper ( I I) i ons i t  

strongly and s peci fically binds t wo cobal t ( I I I) ,  

chromium ( I I I) and mangan ese ( I I I) i ons , i n  the presence o f  

bicarbonat e. Such strong , speci fic binding o f  co pper ( I I) 

t o  lacto ferrin will not  occur in t h e  abse nce o f  bicarbon

a t e, ins t e ad only a weak int erac t i on i s  o bserve d .  L acto

ferrin has also been shown to  weakly bind mangan ese ( !!) , 

co bal t ( I I) ,  nickel ( I I),  zi nc ( I I) ,  cadmium ( I I) , l e a d ( I I) 

and mercury ( I I) ,  t hough manganese ( !!) will und ergo aeri al 

o xidation in the prese nce o f  t h e  pro t ein and bind as 

manganese ( I I I). These metal i o n  pro t e in compl exes h ave 

b e en examined using the t echniqu es o f  fluorescence , 

el ectronic , e . s . r .  and Resonance Raman spectrosco py. The  

cl ose simi l ari ty be t�een the  spectra o f  the  comp l exes Fe2L f ,  

C u2L f ,  Co 2L f , Mn2L f  an d Cr2L f  wi th those o f  trans f errin and 

ovo trans ferrin reinforce the postu l a t e  that the me t al 

binding si t es in all thre e prote ins are simi l ar .  The si t es 

i n  all t hre e pro t e i ns are essentially rhombic i n  charact er 

and contain 2 - 3  tyrosyl resi dues and at l east o n e  hist idyl 

r�sidu e . A distinc t  h e t erogenei ty is evident from t h e  e.s . r . 

spectrum o f  Cr2 L f  and me t al i on replace�en t stu d i es 

i ndica t e  that chromium in one si t e  is more l abile t h an the 

o ther . In  additi on t o  t he s p eci fic si t es lact o fcrr i n  

app8ars t o  have a number o f  non-speci fic si t es o n  t h e  o u t

side o f  t h e  pro tein capabl e of weakly co ordinating m e t al 

ions such as chromium ( I I I) and cop p er ( I I).  Di f ferences 

evid e n t  in the non-speci fic si t es avail able to co p p e r  when 

manganese ( II I) is bound t o  l acto ferrin , to t hose avai lable 

wh en iron ( III) , co balt ( I I I) and chromium ( I I I) are bound , 

suggest t hat the stronger binding o f  manganese ( I I I )  resu l ts 

from i t  induci ng a di f fere nt conformational change in  the  

pro t e in t o  those o ther m e tals and one t hat f avours t he 

higher st abili ty o f  i ts m e t al-pro t e in comp l e x . 

A serj_es o f  small mo l ecul ar weight compl exes o f  i ron ( I I I) 

wi th bi- , tri- , t e tra- and hexadenta te ligands , cont ain ing 

phenol a t e  groups were prepared and examined by e l ectronic , 
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e . s . r . and Mossb au e r  spect ro s c o py . Compl exes o f  c o p p e r ( I I )  

wi th n i t rogen bns e s  and chloro- and bromo-subs t i t u t ed 

phen o l a t e s  we r e  prepared and exami n e d  by e l e c t ro n i c  and 

e . s . r. spec t ro s c opy . R e su l t s  from these s tudi es wou l d  

favou r  the involvement  o f  thr e e  t y ro syl r e sidu e s  a n d  t wo 

c i s  hi st idyl resi du e s  i n  the m e t al -binding si t e s  o f  l ac t o 

ferrin and from studi e s  on the c o pp e r  c ompl exe s i t  s e ems 

likely that o n e  hi s t i dyl and one tyrosyl are axi ally c o 

o rdinat ed t o  t h e  m e t al . Evide n c e  from a singl e c ry s t a l  

x-ray s t ru c t u re i s  prese n t e d whi c h  woul d  favo u r  t h e  i n t e r

ac t i o n  o f  bi c arbonate i o n  wi th i ro n ( I I I ) via a s o l ven t 

( wat e r )  mo l e c u l e. 
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