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Effects of Hofmeister Salts on the Self-Association of Glucagont 

Silvestro Formisano,' Michael L. Johnson, and Harold Edelhoch* 

ABSTRACT: The trimerization constants of glucagon at  pH 
10.6 in 0.76 M K2HP04 have been calculated from circular 
dichroism data between 5 and 50 "C. The free energy, en- 
thalpy, and entropy of transfer have been evaluated from the 
current results and published data in 0.20 M phosphate. The 
free energies of transfer from 0.20 to 0.76 M phosphate are 
negative at  all temperatures investigated. The negative free 
energies of transfer are derived completely from an increase 
in the entropy of transfer, since the enthalpy of transfer is less 
favorable at all temperatures. These parameters are compared 

In dilute solutions glucagon is largely unstructured, with few 
intramolecular contacts (Blanchard and King, 1966). At 
moderate concentrations a largely cy-helical trimer is formed 
i n  alkali (Gratzer and Beaven, 1969). Cross-linking experi- 
ments with dimethyl suberimidate have demonstrated that the 
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with those of various model groups and compounds: CH2, 
peptide, methane, ethane, and the 1-1 3 N-terminal fragments 
of ribonuclease. The effects of fluoride and chloride on the 
self-association of glucagon have been compared with that of 
phosphate a t  25 OC. These effects are consistent with the 
binding of approximately one molecule of salt to the trimer and 
a systematic decrease in the number of water molecules bound 
to the trimer compared to the monomer for the series K2HP04, 
KF, and KCL. 

associated species is a trimer; no dimers or hexamers were 
found (Gratzer et a]., 1972). It is also known that glucagon is 
a trimer in its crystalline state (Sasaki et al., 1975). Previous 
measurements of the self-association behavior of glucagon are 
consistent with a monomer + trimer equilibrium ( Formisano 
et al., 1977). 

Since the self-association in alkali can be conveniently 
measured by several methods and the structure of the trimer 
is known from x-ray analysis (Sasaki et al., 1975), this asso- 
ciation can serve as a useful model to evaluate the influence 
of the solvent composition on the equilibria involved in protein 
interactions. Since the x-ray data reveal that the trimer is 
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