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Summary

Two acidic peptides corresponding to the first 10 and 20 preferentially to the deoxy (T) conformation of human Hb,
amino acid residues of the N-terminal, cytoplasmic probably at the organic phosphate binding site in the
fragment of rainbow trout band 3 (AE1) protein were  central cavity between the-chains, which is known to be
synthesised in order to study their interaction with trout  the binding site for the acidic N terminus of human band
and human haemoglobin (Hb). The peptides did not 3. In trout Hb IV, the presence of negatively charged Asp
influence the oxygen affinity of the main anodic trout Hb  at position NA2 of the 3-chains (in contrast to positive or
component (Hb IV) when tested at surplus peptide neutral residues in mammalian Hb) may weaken any
concentration ([peptide]/[Hb4]=16), at high and low ionic interaction with the highly negatively charged peptides.
strength and at pH values ranging from 6.5 to 7.6. With
human Hb, however, the 20-mer peptide markedly Key words: haemoglobin, band 3, anion exchange protein, allosteric
decreased the oxygen affinity and increased the Bohr effect. interaction, rainbow trout, Oncorhynchus mykiss human
These data suggest that the trout band 3 peptide binds haemoglobin.

Introduction

Haemoglobin (Hb) is known to bind to internal membraneseem to correspond stereochemically to the positive charges of
components of mammalian red blood cells (RBCs). Thehe organic phosphate binding site of the Hb.
interaction is predominantly electrostatic in nature, and band 3 The interaction between Hb and membrane proteins, and in
protein constitutes the main binding site (Low, 1986; Salhanyparticular with band 3, has not been investigated in lower
1990). Band 3 (also known as AE1) is the most abundantertebrates, but is of interest in evaluating the generality of the
membrane protein in human RBCs, being present ahteraction and in shedding light on its possible functional
approximately 1 million copies per cell. The protein consistsoles. Reversible binding of glycolytic enzymes, and
of a membrane domain and a cytoplasmic domain. Theompetition between Hb and glycolytic enzymes for common
membrane part mediates anion exchange (e.g. the 1:1 exchamgading sites, may be involved in the regulation of glycolysis
of HCGOs™ with CI") that is central to blood CQransport and (Walder et al. 1984; Salhany, 1990; Lowvet al. 1993).
pH equilibration across the RBC membrane. The cytoplasmi€urthermore, in fish RBCs, various ion transport pathways are
domain is anchored to the cytoskeleton and plays a structutaighly sensitive to the degree of oxygenation and to the
role by connecting the cytoskeleton to the membrane. loonformation of the Hb (Motaist al. 1987; Jensen, 1990). It
addition, the N-terminal fragment of the cytoplasmic domairhas been hypothesised that these effects could be mediated by
contains binding sites for glycolytic enzymes and haemoglobian oxygenation-dependent interaction between Hb and band 3
(for reviews, see Low, 1986; Salhany, 1990). (Motaiset al.1987), but direct evidence for such an interaction

Deoxygenated human Hb (T structure Hb) binds the Nis not yet available for fish. The nucleated RBCs of teleost fish
terminal cytoplasmic fragment of band 3 more tightly tharnpossess band 3, and the number of copies and the anion
does oxygenated (R structure) Hb (Waleleal. 1984; Chétrite  transport capacity of this protein are close to those found in
and Cassoly, 1985; Tsuneshigeal. 1987). The binding site anucleated human RBCs (Romano and Passow, 1984; Jensen
in the Hb is the central cavity between the fivohains, i.e. and Brahm, 1995). The primary structure of rainbow trout band
the same site as that to which the organic phosphate 2,3-has recently been determined from the complete cDNA
diphosphoglycerate (2,3-DPG) binds (Waldeal.1984). The sequence (Hubneet al. 1992). The amino acid sequence
N-terminal part of the human cytoplasmic band 3 domaimeveals a cluster of negative charges in the N-terminal part of
contains several negatively charged amino acid residues thée cytoplasmic domain (Hubnet al. 1992), suggesting that
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an interaction between Hb and the acidic N terminus of thw 10
cytoplasmic fragment of band 3 may be present in fish RBC— L Trout
as it is in human RBCs. \ .

A preferential binding of the N-terminal fragment of band 3‘“ ' 1 100
to deoxyhaemoglobin will be reflected in a lowering of theg I I o
oxygen affinity of haemoglobin when the band 3 fragment is= ¢ |- ol 80
added to a Hb solution, as documented for human Hb (Waldc A )
et al.1984). We have used thisodus operandb gain insight S’r
into the potential interaction between trout band 3 and Hb. Twe
peptides comprising (i) the first 10 and (ii) the first 20 amlnc:
acid residues of the N-terminal cytoplasmic fragment of trou~
band 3 were synthesised, and their influence on the oxygtg
equilibria of trout and human Hb was investigated. <
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Peptide synthesis Fig. 1. Preparative separation of rainbow trout haemoglobin (Hb)
The following peptides were synthesised, corresponding tcomponents on a Sephacel DEAE anion-exchange column. Squares,
the first 10 and 20 amino acid residues, respectively, of the rabsorption at 540 nmAgag); circles, Ct concentration; fraction size
terminal cytoplasmic fragment of trout band 3 (Hiibetal. 1.1 ml. The major cathodic and anodic components are Hb | and Hb
1992): 10-mer, H-Met-Glu-Asn-Asp-Leu-Ser-Phe-Gly-Glu- IV, respectively. The horizontal bar marks the fractions containing
Asp-OH: 20-mer, H-Met-Glu-Asn-Asp-Leu-Ser-Phe-Gly-Glu- Hb IV that were pooled for dialysis and 2Oequilibrium
Asp-Val-Met-Ser-Tyr-Glu-Glu-Glu-Ser-Asp-Ser-OH. measurements.
Solid-phase peptide synthesis was carried out using
standard continuous flow Fmoc-chemistry (Atherton andib was dialysed overnight against 500 ml of 20 mrrioTTis
Sheppard, 1989) on a custom-made automatic synthesiséyffer (pH8.49 at 5°C). The main anodic Hb component (Hb
using NovaSyn KA resins as the solid support and FmodV) was isolated by anion-exchange (DEAE) chromatography
amino acid pentafluorophenyl esters or 3,4-dihydro-4{see Pelster and Weber, 1990) on a (27%2ctm) column,
oxobenzotriazin-3-yl esters (Ser) in the coupling reactionsapplying a Omof! to 0.3molf? NaCl gradient in the
The Fmoc-amino acid NovaSyn KA resins and Fmoc-amin@0 mmol ! Tris buffer (Fig. 1).
acid pentafluorophenyl and 3,4-dihydro-4-oxobenzotriazin-3-
yl esters were purchased from Novabiochem (UK). Thdiuman haemoglobin
peptides were cleaved from the resins using tetrafluoroaceticHuman blood was taken by venopuncture from a healthy,
acid:HO:thioanisole:phenol:ethane dithiol (82.5:5:5:5:2.5)non-smoking adult. The haemolysate was prepared and
and precipitated with ether. The crude peptides werstripped of salts and organic phosphates as described
dissolved in 1% ammonium acetate and isolated by freez@reviously (Weber, 1992).
drying. The peptides were further purified by size-exclusion The rainbow trout and human Hb samples were dialysed
chromatography (10-mer and 20-mer) followed byagainst three changes (500 ml) of 0.01 mbHepes buffer (pH
preparative  high-performance liquid chromatography7.6) containing 0.5mmot}t EDTA and frozen at-80°C in
(HPLC) (10-mer). The peptides were analysed by reversedb0ul samples that were thawed individually immediately
phase HPLC and mass spectrometry (FAB The before Q equilibrium curve determinations.
monoisotopic mass of the 10-mer was found to be 1156.5 Da Oxygen equilibria were measured using a modified diffusion
(MH*), and the calculated value was 1156.4 Da; the mass chamber (see Weber, 1981, 1992) and Wdsthoff (Bochum,
the 20-mer was found to be 2313.6 Da, and the calculatg@ermany) gas-mixing pumps to mix pure nitrogen (>99.998 %)
value was 2312.8 Da. with oxygen or air. Chloride was administered as KCI and
. , . assayed using a Radiometer (Copenhagen, Denmark) CMT 10
Preparation of haemoglobin and oxygen equilibrium ¢4 jometric titrator. ATP was used as its disodium salt, and its
measurements concentration was assayed using a Sigma (St Louis, MO, USA)
Rainbow trout haemoglobin test kit.
Blood was sampled by cardiac puncture of three specimensHill plots of the individual @ equilibrium curves (@
of rainbow trout Oncorhynchus mykismass 200-390Q). The saturations between 15 and 85 %) were used to evaluate the
red blood cells from the combined samples were washed thregygen affinity asPsg (the & tension at half saturation) and
times in 0.9% NaCl and lysed by adding 2 parts of distilledhe cooperativity of @binding asnso (the slope of the plot).
water and 0.2 parts of 1.0mo} Tris buffer, pH7.6. After The & saturation achieved with 1 atm (101.3 kPa) purev@s
rapid mixing, the lysate was kept on ice for 10 min and thetaken as 100% Hb f&saturation. In fish Hbs demonstrating
centrifuged for 10min at 14000 revs min The supernatant the Root effect, full saturation may not be achieved with 1 atm
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O2 at low pH values. This is, however, of no practicalstrength. Cooperativity was similarly not influenced by
importance for the present investigation, since the maiaddition of the peptide (Fig. 2). The 20-mer contains more
purpose was to detect differences in oxygen affinity in theaegative charges than the 10-mer and could be thought to be a
absence and presence of band 3 peptides. more potent effector of oxygen affinity. However, even at a
[20-mer]/[Hby] ratio of 16, the peptide exerted no significant
effect on the oxygen affinity of trout Hb IV (Fig. 2). The
Results addition of ATP (at [ATP]/[HR]=16), however, resulted in a
The major trout Hb component, Hb IV, was isolated bylarge decrease in oxygen affinity (Fig. 2), illustrating the
anion-exchange (DEAE) chromatography (Fig. 1). In contragpreferential binding of ATP to the low-affinity T structure of
with the cathodic component Hb I, which demonstrates a slighihe Hb.
inverse Bohr effect and shows no interaction with organic In contrast with the lack of an effect on trout Hb 1V, the 20-
phosphates, the anodic component Hb IV demonstrates a langeer had a large effect on the oxygen affinity in human Hb. At
Bohr effect and is greatly affected by organic phosphatea [peptide]/[Hh] ratio of 15.8, it caused a large increasedn
(Weberet al. 1976). The large effect of phosphate on Hb IVat both 15°C (the temperature used with trout Hb) and 37°C
implies that the phosphate binding site, and thus also th&ig. 3). The effect was present throughout the pH range
putative binding site for band 3, is present in this Hb. 6.7—7.4 (Fig. 3). The reduction in oxygen affinity was greater
The oxygen affinity of stripped trout Hb IV decreasedat low pH than at high pH, and the peptide therefore increased
strongly Pso increased) with lowered pH, and cooperativity the numerical value of the Bohr fact&¥dgPso/ApH). Thus,
(nso) decreased when pH fell below pH6.8 (Fig. 2). Theséinding of the peptide resulted in a decrease in oxygen affinity
results confirm the large Bohr effect and the presence of a Raatd in an increase in the Bohr effect. The influence of the 20-
effect in trout Hb V. mer onAlogPsp at constant pH was larger at 15 °C than at 37 °C
The two synthetic peptides correspond to the first 10 and 2&ig. 3). Cooperativity was not significantly affected by the
amino acid residues of the N-terminal cytoplasmic fragment gbeptide, butnsg tended to be higher at 37°C than at 15°C
trout band 3. The peptides are very acidic. The 10-mer contaifiBig. 3).
four negatively charged Glu or Asp residues and the 20-mer
contains eight such residues. Addition of the 10-mer peptide
to a concentration 16 times higher than the tetrameric Hb Discussion
concentration ([10-mer])/[Hf)=16) resulted in a relationship  The two peptides corresponding to the first 10 and 20 amino
between oxygen affinity and pH that could not be distinguishedcid residues of the N-terminal fragment of trout band 3 had
from that of stripped Hb (Fig. 2). The 10-mer had no influencao influence on the oxygen affinity of trout Hb IV (Fig. 2), but
on the oxygen affinity of trout Hb IV either at high ionic when the trout 20-mer peptide was added to human Hb, it
strength (in the presence of 0.1m@&IKCI) or at low ionic  produced a large decrease in oxygen affinity (Fig. 3). This

[ - 400 O Stripped
25 @ Trout Hb IV . v 0.1 mol X CI-
K o * — 200 ® [10-mer]/[Hu]=16
L "oy ¥ [10-mer]/[Hby]=16 +0.1 mol { CI-
2.0 v 719« 20-mernHb=1.6
2 r ® J. E W [20-men[Hbl=16
°  / - S * [ATPJ/[Hb4=16
1.5p~ 0 — 3
N ] o
= ® -1 20
i ®
3 —_ Fig. 2. The pH-dependence of oxygen affinity feg and
| ® Yi A cooperativity (Hill coefficient,nsg) of rainbow trout Hb IV in the
o v 8> n ‘ ® o0 -3 absence and presence of the 10-mer and 20-mer synthetic peptides of
g 2r e O < the N-terminal cytoplasmic fragment of trout band 3. The effect of
B T ATP is also shown. Cofactor conditions and symbols are explained
1 6IS e 7|0 1 7|5 ——— 8(% in the figure. Tetrameric haemoglobin @b concentration

0.094 mmoltl; temperature 15°C. The Hb solutions were buffered
pH with 0.1 mol 1 Hepes buffer. 1 mmHg=0.1333 kPa.
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1.5 =130 residues, and X-ray crystallographic studies showed that the
C ‘\\ Human Hb 450 binding site for the peptide extended deep into the central
B cavity between th@-chains of the Hb (Waldest al. 1984).
- The conformation of the peptide appeared to be extended, with
1.0 |- 10 only 5-7 residues in direct contact with the Hb (Waleteal.
A o 1984). Itis likely that parts of the 20-mer trout peptide (which
&8 - -5 :é contains eight negatively charged Asp or Glu residues) interact
2 - -1 £ with human Hb in a manner very similar to the human peptide.
=05 13 8 The human 11-mer used by Walé¢rl.(1984) is compared
- -2 with the two trout peptides in Fig. 4. Direct comparison reveals
B that negative charges are shared in three positions (i.e.
0 [ 41 positions 2, 9 and 10; see Fig. 4). The tyrosine in position 8 of
| human band 3 is important for its function, and it may be
positioned close to residues involved in binding.
0.3 = - Phosphorylation of the Tyr residue inhibits both the binding of
3 ° ) 3 Hb and the binding of glycolytic enzymes (Law al. 1987).
- s °o 0 n° If the human peptide is aligned to the trout 20-mer according
8 2 N o 2 3 tothe position of Tyr, negative charges are found to be shared
5 in four positions (Fig. 4), which is the the best charge
[T T T S TN NS NN S WA S S N T T ] alignment obtainable between the two peptides. A similar
6.5 7.0 7.5 charge agreement is obtained if the human peptide is displaced
pH farther to the right by one and two positions. However,

assuming a central position for the Tyr residue, then residues
Fig. 3. The pH-dependence of oxygen affinity fe@ and 9 15 16 and 17 in the trout 20-mer and residues 3, 9, 10 and
cooperativity (Hill coefficientnsg) of human haemoglobin (Hb) in 11 in the human peptide could be the important residues in the
the absence (open symbols) and presence (filled symbols) of the 30w i 14 Hpb. In each peptide, the four residues will come to
mer synthetic trout band 3 peptide at 15 °C (squares, solid lines) arlxlcé close to each other if the p1eptide assumes-aglix. An
37°C (circles, dashed lines). [20-mer]/[A#l5.8. Tetrameric Hb . . . S
concentration  0.157mmofl.  Hepes  buffer,  0.1motk. involvement of these residues would explain the swmlanty in
1mmHg=0.1333kPa. the effects of the trout 20-mer and the human peptide on the
O affinity of human Hb. A firm conclusion regarding the
amino acid residues involved in the interaction with Hb must,
indicates that the trout 20-mer peptide binds preferentially thowever, await further study.
the deoxy (T) conformation of human Hb, whereas this is not In addition to decreasing XOaffinity, the trout 20-mer

the case with trout Hb V. increased the Bohr effect of human Hb (Fig. 3). A similar
. _ augmentation of the Bohr effect is observed for 2,3-DPG
Interaction between peptide and human Hb binding to the organic phosphate binding site of the Hb. The

The magnitude of the effect of the trout 20-mer peptide oeffect of the peptide oAlogPso was larger at 15°C than at
Psoof human Hb is similar to that of the human 11-mer peptid@7 °C (Fig. 3). This temperature-dependency also corresponds
tested by Waldeet al. (1984) at pH 7.2. This 11-mer human to that observed with organic phosphates (Jensen and Weber,
band 3 peptide contained six negatively charged Asp or GI987).

1|12 | 3| 4| 5| 6| 7] 8] 9] 10 n| 12| 3] 4[1B5|16 |17 |18 |19 |D

Ac-
Met | Glu | Glu| Leu | GIn| Asp| Asp| Tyr | Glu | Asp| Glu Human 11-mer
Met| Glu [ Asn| Asp| Leu | Ser |Phe | Gly | Glu | Asp Trout 10-mer

Met| Glu [ Asn| Asp|Leu | Ser |Phe | Gly| Glu|Asp| Va |Met | Ser | Tyr | Glu| Glu | Glu | Ser | Asp| Ser | Trout 20-mer

Ac-
Met | Glu | Glu | Leu [ GIn | Asp| Asp| Tyr | Glu [ Asp| Glu Human 11-mer

Fig. 4. A comparison between the human 11-mer N-terminal band 3 peptide and the trout 10-mer and 20-mer N-terminal bagsl 3 peptid
Negatively charged residues are highlighted. The bottom row aligns the human peptide with the trout 20-mer on the lmsgiohtbgthe
tyrosine residue. See text for further explanation.
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Absence of a peptide effect in trout Hb IV at the cellular level to describe fully the interaction between

On the basis of the large effect of the trout 20-mer peptidelb and membrane proteins in fish red blood cells.
on Psg in human Hb, it is surprising that the trout band 3
peptides had no effect on the oxygen affinity of trout Hb IV. We thank Anny Bang for skilled technical assistance. The
The experimental conditions were chosen to maximise awork was supported by the Danish Natural Science Research
effect, if one were present. Oxygen equilibria were studie@ouncil (Centre for Respiratory Adaptation).
mainly at low ionic strength, where the effect of the peptides
on Psg should be greater than at high ionic strength (Wadtler
al. 1984). The peptide-Hb interaction was studied at References
[peptide]/[Hky] ratios which, by analogy with the human case,Ar1erton, E. anD SHEPPARD R. C. (1989).Solid Phase Peptide
can be expected to be close to saturation binding of the peptidesynthesis, a Practical Approac®xford: Oxford University Press.
and compatible with a maximal change ip &finity (Walder  CHETRITE, G.AND CAssOLY, R. (1985). Affinity of hemoglobin for the
et al. 1984; Tsuneshiget al. 1987). In addition, different pH cytoplasmic fragment of human erythrocyte membrane band 3.
values were tested, including low pH values, where the Equilibrium measurements at physiological pH using matrix-bound
Hb—peptide binding constant should be larger than at high pH. p.roteins: the effects of ionic ;trength, deoxygenation and of 2,3-
The possibility that the absence of a peptide effect in trout Hp diPhosphoglyceratel. molec. Biol 185 639-644.
IV was caused by either the Hb or the peptides being nofiUBNER: S- MCHEL, F., RUDLOFF, V. AND APPELHANS H. (1992).
functional can be ruled out. The presence of a large effect ofAmlno acid sequence of band.'?’ protein from rainbow  trout

. . e . erythrocytes derived from cDNAiochem. J285 17-23.

ATP _on Qafflnlty (Fig. 2) c.onf'lrms th_at the Hb was intact an_d JENnsEN F. B. (1990). Nitrite and red cell function in carp: control
functional with respect to binding of ligand at the central cavity tactors for nitrite entry, membrane potassium ion permeation,
between the tw@-chains, and the functionality of the peptide oxygen affinity and methaemoglobin formatigh.exp. Biol.152,
was verified by its large effect on human Hb (Fig. 3). The lack 149-166.
of an effect of the peptides on oxygen affinity in trout Hb IV JEnseEN F. B. AND BRAHM, J. (1995). Kinetics of chloride transport
suggests that an oxygenation-linked binding of band 3 peptidesacross fish red blood cell membranksxp. Biol198 2237-2244.
to the Hb does not occur and a that molecular explanation muNseN F. B.AND WEBER, R. E. (1987). Thermodynamic analysis of
be sought for this. precisely .measured. oxygen equilibria of tenckin¢a tincg

The binding site for organic phosphates in fish Hb is the nemoglobin and their dependence on ATP and protbnsomp.

. ) ; ) . ~_Physiol.B 157, 137-143.

m in mammalian H few amin i ituti ' . . .
same as amma a. b, but a few a .O acid subst tqtoisow, P. S. (1986). Structure and function of the cytoplasmic domain
have changed the site from one that is stereochemical

Yof band 3: center of er i i
. 3 : ythrocyte membrane—peripheral protein
complementary to 2,3-DPG (mammalian Hb) to one that fitS ;o actionsBiochim. biophys. Act864 145-167.

ATP and GTP, the organic phosphates found in the red bloqd,, p s ALen, D. P., ZoncHeck, T. F., Giari, P., WLLARDSON,
cells of fish (Perutz and Brunori, 1982). Mammalian Hbs have B, M., GeaHLen, R. L. aND HARRISON, M. L. (1987). Tyrosine
His, GIn or Asn in position NA2 of the tw@-chains, whereas  phosphorylation of band 3 inhibits peripheral protein bindihg.
teleost fish Hbs commonly have either Glu or Asp (the latter biol. Chem 262 4592-4596.

applying to trout IV); in position H21 of thg-chains, Low,P.S., RTHINAVELU, P.AND HARRISON, M. L. (1993). Regulation
mammalian Hbs have His, whereas teleost Hbs have Arg. In fishof glycolysis via reversible enzyme binding to the membrane
Hbs, the substitution to Glu or Asp at N&allows a hydrogen ~ Protein, band 3J. biol. Chem268 14627-14631.

bond to be made with the adenine group of ATP (Perutz ar.IHOTAIS,+R.,+G\RCIA-ROMEU, F.AND BORGESE F.. (1987). The control
Brunori, 1982). The negative charges on the phosphates in ATPOf Na'/H* exchange by molecular oxygen in trout erythrocytes. A

are neutralised by positive charges on Val RARArg H21B3,, Eg?i";l; role of hemoglobin as a transdudergen. Physiol90,

Lys EF31and Lys EB> (Perytz and Brunori, 1982). Itis possible PeisTER B. AND Wemer R. E. (1990). Influence of organic

that the presence of negatively charged Asp atiNAZout Hb phosphates on the Root effect of multiple fish haemoglobiesp.

IV (in contrast to positive or neutral residues in mammalian Hbs) Biol. 149 425-437.

introduces electronic repulsion to the binding of the highlyPerutz, M. F. anp Brunor, M. (1982). Stereochemistry of

negatively charged peptides. This hypothesis would explain the cooperative effects in fish and amphibian haemoglobitasure

weaker (or perhaps absence of) peptide binding to trout Hb IV 299, 421-426.

and the stronger binding to human Hb. RomaNo, L. AND Passow, H. (1984). Characterization of anion
Although an interaction between band 3 peptides and trout transport system in trout red blood ceAlm. J. Physiol.246,

Hb could not be establishéul vitro, this does not exclude an _ C330-C338. )

interaction between Hb and band 3 in intact fish red blood celI@LHF’;gYISrJéST' (1990)Erythrocyte Band 3 ProteirBoca Raton, FL:

The cellular scenery is more Complgx thf’:m the gystem analy_sel" UNESHIGE A IMal, K. AnD Tyuma, 1. (1987). The binding of

here, a”,d the structure of the peptides in SOIUt'_O.n may C?ev"”uehaemoglobin to red cell membrane lowers its oxygen affidity.

from their structure when attached to the remaining portion of gischem., Tokyd01, 695-704.

band 3. An alternative conformation of the N-terminalywa per, J. A., GiaTTERIEE R., SECK, T. L., Low, P. S., Missqg G.

fragment of band 3 in intact erythrocytes may be compatible F., Kaiser, E. T., RGERs P. H.AND ARNONE, A. (1984). The

with an interaction with Hb. Thus, further studies are needed interaction of haemoglobin with the cytoplasmic domain of band 3



2690 F. B. ENSeEN M. H. :koBSEN AND R. E. WEBER

of the human erythrocyte membrand. biol. Chem. 259, Hepes) buffers in studies on hemoglobin functibrappl. Physiol.
10238-10246. 72, 1611-1615.

WEBER, R. E. (1981). Cationic control of Xaffinity in lugworm WEBER, R. E., WboD, S. C.AND LomHoLT, J. P. (1976). Temperature
erythrocruorin Nature 292 386—-387. acclimation and oxygen-binding properties of blood and multiple

WEBER, R. E. (1992). Use of ionic and zwitterionic (Tris/BisTris and haemoglobins of rainbow troul. exp. Biol.65, 333-345.



