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A SIMPLIFIED METHOD FOR DETERMINATION OF OXYGEN AFFINITY
OF MEMOPROTEINS-ESTIMATION OF THERMODYNAMIC CONSTANTS

Oxygen affinity of respiratory '::otoznq ie cheracterized
by two psrsmeters: pg, and “n®, y are derived from so
cslled oxygen dissocistion curves detersined usually by the
spectrophotosetric msethed of Asskurs et sl. This pasper pre-
sents & considersbly simplified modificetion of this proce~
dure., The use of 8 pipette with mercury for messurement of
the introduced sir is eliminate and the equation for calcu=~
‘letion of partisl oxygen pressure in the tonometer is  sim=
plified, This convenient procedure cannot be applied, however,
to proteins of low oxygen affinity (e.g. hemocyanin),  From
the oxygen dissociation curves the oxygenation equilibrium
constant K can bs aleo derived which ensbles celculation of
thermodynsmic constants of the reaction.

Introduction

From the biologicsl stendpoint the primery featurs of re=
spirstory proteins is their cepscity for reversible oxygen bin-
ding. This reection doss not involve metsl oxidation but is eac-
companied by changes of molecular shape (“pulssting wmolecules”)
snd alterstions of spectral snd aognokocho-;cul properties of
respiratory proteins, Oxygen affinity of these proteins is che-
racterized by two psrameterss .p,°.<p3,2. logpgy. 19Pgp) 1.0,
partial oxygen pressure at which the protein ie half - ssturate
ed with oxygen, and n - exponent of the Mill equation.

 The relation bstween hemoglobin oxygenation and partisl o-
- xygen pressure (p0,) was given by Hill in the form of the eque-
tions : i

(79]
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Logarithming of this equation yields:

lgrL; = nlgp # 19K

where: Yy = % protein satursted with oxygen,
K = equilibrive constant, / , :

A plot of the latter equation gives s straight. line (y = ax
+ b) ensbling en easy estimetion of the interaction coefficient
n (ragression cosfficient & » n); 1gk(b) end pg, (1g 50/50). At
helf = saturation of the protein with the ligand: =1gK -
- nlgp_,‘o. ' L ' R ' i

Therefore, ostimation of the relationship between partisl o~
xygen pro.turo‘(poz) and per cent oxygenstion, e.g. HbO,, per=
mits calculation of the three paremeters of oxygen affinity of a
protein: K, pg,, end n (Fig, 1). A ' E '
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Fig. 1, Hypothetical oxygen dio-oétuttqn curves and their logari-
thaic trensformate. The curves were calculated for the same pg,
and various n velues %, oy b
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The capacity of respiratory proteins for oxygen binding is
conditioned by e lot of physico«chemical factors, including pH,
Coz (the Bohr and Root effects), temperature, concontration of
some salts (DPG, ATP, €17, Mg®*, ca®* and POZT)(1, 3], 1In
most vertebrates, especially mammala, e strict dopondcnca is ab~
served between the smount of liberated protons and the 0, bind-
ing: 0.7 mole of H* was found to be released per sach mol of oxy~
gen bound., The protons released within tenth and hundredth frac~
tions of s second ere called Bohr protons. It 4a known that the
reaction of hemoglobin with oxygen depsnds on the pH of the
medium end on the kind of animal, For example, oxygen effini-
ty curves of fish hemoglobin differ significantly from those of
other animale (the Root effect),

One way of Jetermination of the Bohr effect 18 a determina-
tion of oxygen diseociation et verious pH, and making ues of the
reletion: ¢ = Alg p_/ OpH,

In the sbove equation g = AH' denotes the difference in the
nuaber of protons betwesn the oxy end the deoxy form of & pro~
tein. When the oxygen dissociation curve is eymmetricel, p =
= Pggs - and theroforo g =A1g pgy/ ApH, The ¢ value denotes
the smount of H' relessed by mole of @ protein upon binding of a
mole of O,. In en equivalent form, ¢ = g/ LpH, where x =
= An 02/ Apoz. When ¢ = 0, the oxygen dissociation curve is in-
dependent of pH in the physiological range. Many vertebraste he~
moglobins end chlorocruorins end cephalopod hemocyanins have
norsel or negetive Bohr effect, indicating & decresse in the o-
xygen affinity with decreasing pH. A vslue of ¢ = =1 wee found
for numerous respiratory pigaont' studied, On the contrary, ree
verse or positive Bohr affoct was revealed in goatrcpod hemocya=
nins [4]. :

Determinstion of thermodynamic p.ro-otoro (AG, AS and AH)
is » fundemental method of estimation of effects of physico-che~
mical factors on the ipocial structure of macromolecules. In
érd.r to determine the free energy, enthalpy (AH) end entro-

by (AS), the valus of equilibrium constant K must be known, It
can be found from oxygen d:nooctatton curves obtutned at diffe-
rent temparstures. : ’

‘The hest of reaction of oxygon btndtng (- AH) ean be deter~

mined from the relattionship:



82 R, Gondko

AH = ART Alg K

wheres R -~ gas constant;
T « absolute temperature:;
K = squilibrium constant,
In the sbove equation, K may be substituted for Pso leading
to:

: B,
AN = < ART e "9 Pso
A lg pgy 2,350 RT

or 1lg Psp. = AH 2,3 RT, 2 :

The last equation can be procﬁntod gr.phsoally ss @ plot of
1g pgg = f(1/T) enasbling celoulation of H fron the relatiens AH =
= tg Q- 2.3 R (Fig., 2).
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Fig. 2. Temperature dopcndenco of oxygenation and oqutlsbriun com
nstant

Zsleznoéé utlenowsnis oraz stalej réwnowsgi K od temperatury

The temperature dependence bfvtntpractton'of respiratory proe-
tein2 with oxygen is chsracterized by so called temperature coef-
ficient
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KT = Alg ’50/ AT

It 18 known that the oxygen affinity decreases with increes-
ing temperature, according to the to the equation:

ey 0,0192 <%Tf_rf) 19(p;°/p§°)ka mo1™1

with: AH = heat of oxygenation:
1‘. T2 ~ lower end higher temperstures, respectively (in K);

Pgo‘ ':o ro}orring to respective temperstures (Tz'.nd Tzl

For majority of respiratory proteins, AH renges from =40 to
-65 k3 lol". Lower velues of AH indicate & more stable mole-
cular configuration upon transition from the deoxy to the oxy
form. The oxygen dissociation curves obtained at different tem=
peratures have the same shape indicating that the heat of oxyge-
nation is the same for all hemes in the molecule. Moreover, heme
groups of different hemoglobines have prnéttcul}y.'tho same va-
lues of the heat of oxygenation, Those dats ere importent for
understanding of the phenomenon of conordttvity.Protozns‘which
do not exhibit the intersction phenomenon have & value of n=1
and 8 hyperbolic oxygen dissociation curve, Sigmoidal curves are
characteristic for n > 1, up to a maximal value of 6,

The phenomenon of cooperativity is conetant under physiologi«
cal conditions end is typical only for those proteins which are
!ghrogpto- of at least 4 subunits, It is noteworthy that inter~
action not necessarily occurs in huge protein aggregates (hemocy=
anins), : RS, o L A ] ' 5

The vslue of entropy gives the due for explanstion of these
dtviroofboh-vaor. of respiratory proteins, At constant temperatu=
re, L S 5 ] ’ :
G As‘.‘_A._'.'L‘.'._A..G.‘ . .

gt T %

Introductipn of K into this equation yields:

As «BH L Rink
. ' % "k
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This formula persits plotting a linear relationships: .

R1gK = f(-})

from which AS and AM cen bes celouleted, since the slope of
the line gives AW, aend y ~ " intercept of the line 4is equel
to AS (Fig. 1b), ; :

It was found that oxygenation is accompesnied by a considersb-
le decreass in entropy, indiceting that oxygen binding leads to
s considerable decreasse in the degree of froodo- of protein mo-
lecules,

It results from the presented date that deterainstion i
xygen dissociation curves is indispensable for physico-chemicsl
characterization of respiratory proteins, '

Oxygen diseociation curves are u.uolly derived by tho spec~
trophotometric method, Recently, volumetric or polorogrcphzc
methods are also employed [1], L ‘ i

A convenient opcetrophoto-otrtc me thod of dotorninntton of o-
xygen dissociation curves was proposed by Asskuras et 01.
[2]. Introduction of slight modifications of this procedurs, e-
aspecially avoiding the pipette with mercury for measurement of
the air added, as well as neglecting one term of tho equation
led rendere this method more simple and efficient. &

Material and methode
]

Principle

Spectrum of hemoglobin devoid of oxygon'(dooxyhologlobtn.nbz’}
with one absorption peak st 560 nm differs from that of oxyholow
globin (HbO, ), with two absorption maxims et 540 and 578 nm,
end @ ninimun at 560 nm, J . :

In a tight veesel (modified Thunborg tubo) in the presence of
a reducing agent (NeBH,, or N8,S,0,) the solution of HbO, is de-
void of oxygen end converted into Hb with accompanying choroc-
teristic change in spectrum. The decrease of the sbsorption ma~
sima at 540 nm and 578 nm, and eppeerance of the  maximum
at 560 nm indicates 8 complete conversion, Readdition = of air
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leads to a gradual oxygenation of Hb to Hbo2 daco-pintod by re-
sppearance of the mexima at 540 and 578 nm, and disappearance
of the peak st 560 nm, . The smount of oxyhemoglobin formed
(% Hboz) is celculated on the bssis of increase in absorbance at
578 na, assuming the sbsorbence corresponding to complete Hb o~
xygenstion (open tonometer) as 100%,

Procedure

Hb solution of concentration of sbout 4 x 10™%M (A = 0.5-0.7)
in sppropriate buffer (e.g. 0.2 M phosphate, pH 7.,0) is placed
in 8 tonometer with spectrophotometric cuvette. A pinch (1.2
ng) of NeBH, is sdded and the solution is deasrated under a vae
cuus aspirstor until bubbling dissppears (3-5 min), During dese-
ration the tonometer is well shaken., Then the tonomater is clos~
ed by turning the side arm snd sbsorbance of the solution is
measured at 540, 560 and 578 om (ebsorption maxima) and at
565 and SBS nm (1cobo|t1c point)., = Appropiate values of
sbsorbence evidence a complete conversion of HbO, into Hb,
Changes in sbsorbance at isobestic point 1ndtcoto protein donutu-
- ration,

, Air (oxygen) prount in the udo arm of the tonometer {8 in~
troduced into the tonometer, This ia accomplished by a tight

closing of the inlet with a finger covered with a rubber thi-

mble end a turn of the side arm. The hemoglobin solution is ge=
natly but thoroughly shaken end its abeorbance is measured at the
ebovementioned ' wavelengths, This npnlﬁulatzon'il repeated 5-8
times. The smounts of sir introduced are dependent on the voe
Iu-o‘of the 1n10t'tubo‘ and Hb concentration. The following Tab.
1 1s useful for celculation and plotting of the dt.tociltion Cu=
rve according to the method of lesst oquaro..

Befors. ths messurasent, tho~vo}u-e'gf tha inlet tube sust - be

determined s et .corresponds to the volume of sir added ‘at
each stap (v =V, =V, ). This volume is deterained by weighing
the tononotor with the tnlot tube filled with water snd with eme
pty inlet tube. The weight of water davided by its density (p)
at the tempersture of aooouro-ent yioldc ‘the volu-- of eir 4intro-

duced (V Ve

-
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After the messurement the tonometer with the HbO, solution
ie weighed (la). The solution is poured off and the empty to-
nometer is weighed ('2)’ Then the tonometer is filled with wa~
ter and weighed again (l ). Total volume of the tonometer is
V = (mg = my)p. The dtfforonco (mg = my)p corresponds to V. (vo~
lume of the tonometer sbove the Hb lolutton). Volume of thl Hb
solution equals to V ;‘vc. Concentration of Hb in the solution
is estimated according to one of the known methods (1], The va-
lue of y 418 calculated from the relation '

AA
Y “EA

where A. « increase in absorbence of the solution at 578 nm af-
ter addition of s portion of air, roforrod alwsys
to A, d.0, (AL = A ,
AA - 1ncro.oo in .boorbouco of the -olutton at 578 nm af="
ter complete axygenation (A = A - A));
A. - absorbence at 578 nm after complete deoxygenation.
All the asbove steps sre necessary to calculate pertial oxygen
pressure oecordtng to the formula:

paz._s_c_v__ - 7& 1. 36 x

with: PO, = partisl oxygen procsuro in the tonometor;
Py = oxygen pressure in the air (kPs at 20°C);
V, = volume of sir introduced (sum):
Vo - volu-o of the gas phase abovo the Hb solution (in aI%
y = % Hb0,;
K- o-ount of Hb (in c). ,

In this equation the fector 760 -+ 1.36 xy/1oo = 1.003 xy 1is
negligible with respect to othgr factors and may be = neglected
in the calculation which mskes the determination of the oxygen
diesociation curve much simpler,

Fros the obtained dats (Tab. 1) the plot of 1g y/1-y = f 1g
po2 is constructed, and the line is positioned by the method of
least equares, The slope of the line (tg a) corresponds to n.
The velue of n msy be also calculated from the relation
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The value 1g K is found as the y = intercept of the line, or
calculated as the value of b of the line.The retio y/i-y is equal
(1] at 50% oxygen saturation, i.e. ite logerithm eguale to O. The
value of lg p corresponding to this point represents lg Pso (x =
intercept of the line).

Therefore all values describing oxygon offtnsty of =& protein
may be read from the plot, ¢

The above procedure can be used without reservations for de=
terainaticn of oxygen affinities of elwost all hemoproteins, In
some cases the appropriate values of . eharoctor;atxo - absorption
maxima of oxy=- and deoxy~ forms must be taken into account [4],
The applicability of this procedure is limited in cases of pro=-
teins of low oxygen affinity. This concerns, among others, he~
mocysnins for which oxygen affinity is determined in large tono=-
meters (about 300 ml) containing more solution 10-20 ml portions
of air sre added. In this case, changes in sbsorbance are wo~-
nitored at 340 nw (ebsorption maximum for Heo, )s Moreover, the
buffer in which copper proteins are dtoonolvod must contein coz
ss its absence results in dissociation of the large aggregates
into much emsller components (5 S),
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UPROSZCZONY SPOSOB
WYZNACZANIA POWINOWACTWA TLENOWEGO HEMOPROTEIN,
OKRESLENIE STALYCH TERMODYNAMICZNYCH

W poszechnie stosowanej metodzie wyznaczania krzywych powino-
wactwa tlenowego hemoprotein metods spektrofotometryczng wg A~
sakury 4 wep., wprowadzono dwie zmiany. Zaniechano ucige-
tliwego odmierzanis powietrza przy uZyciu pipety z rtgcig., Wpro=
wadzono notosiast dodewanie etatej ilodci powietrza réwnej objge
;:6cs'rurk1 wlotowe] zmodyfikowanego komercyjnego tonometru Thune

rgas. : :
’Pon-dta pominigto cz@éc kotcows réwnania na obliczanie w y=
kiasdzie wertodci cidnienis parcjelnego tlenu, VWprowasdzone dwie
niewielkie zmiany upraszczaje niesiychanis wykonanie krzymych
dysocjacji, & tym samym wyznaczenie x nich parametréw powinowsc~
twa tlenowego, tJ. psp N &L K. Obliczenie wartodci K pozwe~
zl ponadto okrotlté state termodynswmiczne danej reakcji (AH, AG,

.



