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Physical Studies of Hemocyanins. IV. 
Oxygen-Linked Disassociation of LoEigo pealei Hemocyanin* 

H. A. DePhillips, K. W. Nickerson,? M. Johnson, and K. E. Van Holde 

ABSTRACT: The 59s hemocyanin from the squid can be dis- 
associated into 19s and 11s subunits in alkaline solution. We 
now find that such disassociation also occurs near pH 7, if 
the hemocyanin is partially oxygenated. The deoxyhemocy- 
anin remains in the 59s form from pH 6 to 10, in buffers con- 
taining 0.01 M MgZ+. Solutions equilibrated with air or pure 
oxygen exhibit disassociation at intermediate pH values. The 
disassociation is a function of the per cent oxygenation. At 
about 80% oxygenation only the subunits are observed ; 

F ollowing a series of investigations of subunit structure 
and association equilibria in the hemocyanin from the squid, 
Loligo pealei (Van Holde and Cohen, 1964a,b; Cohen and 
Van Holde, 1964), we decided to investigate the oxygen binding 
of this protein. We originally planned to  conduct compar- 
ative oxygen binding studies on the hemocyanin in various 
states of aggregation, for we had found that the 59s protein 
(mol wt 3.8 X loe) dissociated into particles one-fifth and one- 
tenth its weight in alka ine solution. These subunits have 
sedimentation coefficients of about 19 and 11  S, respectively. 
Earlier studies of oxygen binding by squid hemocyanin (see, for 
example, Redfield and Goodkind, 1929), while carefully con- 
ducted, had not taken the state of aggregation of the protein 
into account. In order to provide adequate controls, we car- 
ried out sedimentation velocity examinations of the solutions 
used for binding studies. These experiments yielded the sur- 
prising result that the state of aggregation at a given pH de- 
pended upon the degree of oxygenation of the hemocyanin. 
This development showed that the system was more complex 
than we had hitherto realized and that an investigation of the 
relationship between oxygenation and subunit aggregation 
was needed as a prelude to definitive binding studies. The 
results of such a study are detailed herein; preliminary reports 
have appeared elsewhere (DePhillips and Van Holde, 1968; 
Van Holde and DePhillips, 1968). 

Experimental Section 

Preparation of Solutions. The hemocyanin was obtained as 
described previously (Van Holde and Cohen, 1964a,b). In 
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higher oxygenation leads to reassociation. That these are 
equilibrium phenomena is demonstrated by kinetic experi- 
ments, in which the same mixture of species is approached 
from different initial conditions. Sedimentation with ultra- 
violet scanning indicates that the disassociated subunits bind 
more oxygen than the 59s hemocyanin, at least at low oxy- 
genation levels. The deoxy and oxy 59s species differ slightly 
in sedimentation coefficient and in the circular dichroism spec- 
trum in the neighborhood of 250-280 nm. 

all experiments fresh material which had been stored in the 
cold for no more than 1 week was employed. Tris, phos- 
phate, and bicarbonate buffers of ionic strength 0.1 were pre- 
pared according to the Biochemist's Handbook (Long, 1961). 
Hemocyanin concentrations were determined spectrophoto- 
metrically in bicarbonate buffer at pH 10.6, as described in the 
earlier publications in these series. 

Deoxygenation of solutions was carried out in two ways. In 
the earlier experiments, and in all oxygen-binding experiments, 
solutions were evacuated as quickly as possible and flushed 
with argon; the process was repeated until absorption at 345 
nm was negligible (see below). While effective, this procedure 
usually produced a small amount of denatured hemocyanin, 
and slightly increased the concentration. It was later found 
that directing a slow stream of water-saturated argon over the 
solution for a few hours produced effective deoxygenation 
with neither appreciable evaporation nor denaturation. This 
technique was used in about half of the experiments; no over- 
all difference in results was observed. In a few experiments 
nitrogen was substituted for argon to test for any specific inter- 
action with argon. No significant difference in behavior was 
found. 

The apohemocyanin was prepared as described by Cohen 
and Van Holde (1964). Atomic absorption studies (Takesada 
and Hamaguchi, 1968) have shown this procedure to actually 
remove the copper atoms and not just make them unavailable 
for oxygenation. 

Oxygen-Binding Studies. The measurement of oxygenation 
of the hemocyanin was based on absorbance of the 345-nm 
band, since this band disappears on deoxygenation (Cohen 
and Van Holde, 1964). The all-glass tonometers, with fused- 
quartz cuvets attached, resembled those used by Spoek ef a/. 
(1964). These tonometers have a side arm with two stopcocks, 
between which there is a small length of capillary. The volume 
of this capillary was determined by mercury weighing; the 
volume of the tonometer was determined from its weight when 
filled with water. A solution of hemocyanin was placed in the 
tonometer and deoxygenated by successive evacuation and 
argon flushing until the 345-nm band was essentially removed. 

P H Y S I C A L  S T U D I E S  O F  H E M O C Y A N I N S .  I V  3665 




