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Abstract-l. In hypoxic conditions Artrmia solinn L. forms 3 hemoglobins, which until now had only 
been characterized by their electrophoretic mobility. 

2. We have analysed the oxygen-binding properties of these 3 hemoglobins. 
3. HbI shows the lowest oxygen affinity. has an almost negligible Bohr effect and it has no physiologi- 

cal adaptation to temperature changes. 
4. HbII shows an intermediate oxygen affinity and a pronounced positive Bohr effect. 
5. HbIII has a very high allinity for oxygen. an almost negligible Bohr effect and a good physiological 

adaptation to temperature changes. 
6. By combining the 3 hemoglobins in different proportions Arremia salina L. must be able to 

withstand diverging environmental conditions. 

INTRODUCTION RESULTS 

The brine shrimp, Artemia salina L., inhabits an eco- 
logical niche which shows a great diversity in some 
environmental factors like salinity, temperature, par- 
tial oxygen pressure, etc. to which this animal must 
show a variety of adaptations. One of these is the 
development of high concentrations of respiratory 
pigment in hypoxic conditions. Moreover. Bowen et 
al. (1969) have shown the existence in Artemia salina 

of 3 different hemoglobins which have been called 
HbI. II and III according to their electrophoretic 
mobility on cellulose acetate gel strips in 25mM 
sodium 5: Sdiethylbarbiturate-HCI at pH 8.6. 

1. Comparison of the oxygen dissociation curves cf 3 
pur$ed hemoglobins from Artemia salina L 

Hbl. II and III. dissolved in 0.1 M boric acid buffer. 
pH 8.5, with 0.6 M NaCl and 0.02 M KC1 at 25”C, 
show P,, values of 6.49, 3.99 and I.83 mm Hg re- 
spectively. They all have a typical sigmoid dissoci- 
ation curve (Fig. 1) with a Hill coefficient, tz, of 1.81 
(HbI), 2.00 (HbII) and 2.05 (HbIII). The hemoglobin 
concentration of the preparations used for the 
measurements, estimated from the extinction value at 
412nm, has no influence on the P,, value. 

This paper is a first effort towards the functional 
characterization of these 3 hemoglobins with regard 
to the influence of some environmental factors on 
oxygen affinity. 

MATERIAL AND METHODS 

Starting with a total homogenate (SlO5) from deep 
frozen Artemia salina L. (San Francisco) the hemoglobins 
were isolated by ammonium sulphate precipitation and 
further purified by stepwise and gradient elutions with 
NaCl in 50mM Tris-HCI. pH 7.5 on DEAE-Sephadex 
A50 (Waring et al.. 1970; Moens & Kondo, to be pub- 
lished). The separated Hbl, II and III were concentrated 
by ultrafiltration (Amicon Diaflo system with filter UM-IO) 
and desalted on Sephadex G-25 in 5 mM Tris-glycine, 
pH 8.3. Finally the purity was controlled by cellulose acet- 
ate electrophoresis (Bowen er al., 1969). The 3 separated 
hemoglobins were dialysed (Visking 18/32-20 hr at 3°C) 
against buffers with different pH and different ionic 
strength and subsequently frozen in small fractions and 
stored at -70°C until use. 

Oxyhemoglobin dissociation curves were determined 
with the diffusion chamber method of Sick & Gersonde 
(1969). The diffusion chamber was constructed by Esch- 
weiler & Co.. Kiel. 
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Fig. 1. Oxygen dissociation curves of HbI, 11 and III from 
Arremia saliva L. in 0.1 M boric acid buffer, pH X.5. with 

0.6 M NaCI and 0.02 M KC1 at 25 C. 
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P So values were determined in 50mM phosphate 
buffers. pH 7.5, with increasing NaCl concentrations 
from 0.7 up to I M and a constant concentration of 
0.02 M KCI. No significant difference in P,, value 
could be found. 

The 3 isolated and purified hemoglobins were dia- 
lyscd against 50 mM phosphate buffers or 0. I M boric 
acid buffers with different pH values. The buffer solu- 
tions always contain 0.6 M NaCl and 0.02 M KCI. 
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Fig. 2. Influence of the temperature and the pH on 
the P,, values of HbI. II and III from /Irfcvmu salir7a 
L. Symbols: ‘.. ~...~ average P,, value at 
pH 7.0; V-- ~ average P,, value at pH 7.5: 
~-.--o - .~ average P,, value at pH X.0: -~--- A-- -~ 
average P,,, value at pH X.5; -,,--m- .. ~--.. average P,, 

value at pH9.0. 

The oxygen btnding propertIc\ (11 the 3 hcmo- 
globins were examined in ;I tt’mpcrdture range from 
IO to 35 C (intervals of 5 Cl and ;Lt pH values rangmg 
from 7 to Y (intervals of 0.5 pH un~tsi. 

In this way the mc’a~urcmc‘nt~ .iic ;ipproxunatcl) 
restricted to physiological ctmcl~t~cm. NC’ dctermmed 
the pH of the hemolymph to be h.5 the natural hahi- 
tat shows annual tcmper:lturc Huctuations from S to 
33 C (Baker. 19661. 

The influence of pH and tcmpet-ature on the P,,, 
values of the .J hzmogiobin~ i\ rcprescntcd 111 Fig. 
2. The Pi,, values plotted drc calculated from 5 
measurements each. 

The oxygen binding propcrtich of the .J hemo- 
globins in .-lrter77iu salina L. wcrc analysed by means 
of the diffuston-chamber technique. 

All 3 hemoglobins show a typical sigmoid dissoct- 
ation curve (Fig. I ). Their oxygen afinities arc moder- 
ate14 high and the) ditTet- as follows: HbIII ;> 
HbII > Hbl. This means that the ‘* hemoglobins arc 
adapted to cope with different cn\ironmental PO, 
values. Hbl being more efficient in oxygen richer 
water than the other hemoglobins and HbIII being 
most efficient in very poorlv oxygenated water. 

The P,, values were not ;nfluenced by the ionIcit 
nor by the concentration of the pigments. It is known 
that Arrr7niu c;1n adapt to media barying from one 
tenth of seawater. whereln It IS a bgpertonic regulator. 
to crystallizing brine. wherein the animal is a very 
effective hyporegulator. Nevertheless between these 
limits the osmotic pressure of the body Ruids and 
hemolymph may change conslderabl~ (Croghan. 
1958) and this does not seem to ;tlter the properties 
of the respiratory pigment<. 

The effect of temperuturc on the P,,, values is III 
general a decrease in hemoglobin Oz affinity (in- 
crease III P,, value) for ~111 incrcasc in hemolymph 
temperature. In ectothcrmlc animal5 adaptations to 
alter the temperature dependence of the oxyhcmoglo- 
bin dissociation cur\e arc‘ 1 erk important. In .Arrcku 
HbI shows no adaptation al all. HbII onI> a very 
slight one, while HbIII I\ less temperature sensitikc 
than the others and seems lo hc well adapted for 
adequate oxygen transport at high temperatures (Fig. 
2). 

The pH effect on the P50 values (or Bohr effect) 
seems to be tempcraturc-dependent above pH 8.5. 
and each hemoglobin shows a positive Bohr effect 
between I5 and 35 C. This positive Bohr effect is 
most pronounced for HbII which consequentI) seems 
to be less suited for oxygen loading in the gills at 
high environmental P, ,), pressures than the other 
hemoglobins (Fig. 2). 

Other important physiological propertics of resptr- 
atory pigments such as the Root ofkct and the capa- 
city cannot bc studied uith our diffusion chamber 
technique which onI> measures rclativc differences in 
extinction. 

A great deal of critical d~scusslon on the role ot 
the respiratory pigments centers around the relevance 
of irl rirro experiments. In the cast of .-lrtcvnia we 

arc dealing with a small animal and for the moment 
it seems impossible to do analogour ipl r,ic~ dctcr- 
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minations of oxyhemoglobin dissocation curves. We 
know almost nothing about the temperature and the 
pH variations in the hemolymph of these animals. 
Consequently, at this time, we can only deduce the 
function of the hemoglobins of Artemia from their 
oxygenation properties in vitro. Moreover the hemo- 
globins from Artemia are extracellular pigments and 
hence they are probably less influenced by specific 
local factors that may alter the properties of intracel- 
lular pigments. 

The ecophysiological role of these pigments is dis- 
cussed. 
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