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A SIMPLIFIED METHOO FOR DETERMINATION OF OXYGEN AFFINITY 

OF HEMOPROTEXNS-ESTXMATXON OF THERMODYNAMIC CONSTANTS

Oxygen affinity of raapiratory proteins 1« characterized 
by two paraaeterei p50 and *n". Thay ara derived froa ao 
oallad oxygon diaaoelatlon curve* deteralned usually by the 
apactrophotoaetrlc aethod of Asakura at al. This paper pre- 
aanta a conelderabiy a&apl&fled aodlflcatlon of thla proce-
dure. The uaa of a pipette with aarcury for aaaauraaent of 
the introduced air la ellalnate and the equation tor calcu-
lation of partial oxygen pressure In the tonoaoter is sim-
plified. Thla convenient procedure cannot be applied, however, 
to protalna of low oxygen affinity lo.g. heaocyanln). Froa 
tha oxygen dlaaoclatlon curves the oxygenation equlllbrlua 
conatant K can bo alao derived which anablaa calculation of 
theraodynaaie constants of tha reaction.

Introduction

Froa the biological atandpoint tha prlaary feature of re- 

epiretory protalna ia their capacity for revaralbla oxygon bin-

ding. Thla roaotion doaa not involve aatal oxidation but ia ac- 
coapanlad by changea of aolecular ahapa ("puleatlng aolecules") 

and alteratlone of apactral and aognetochealcal properties of 
reaplratory protalna. Oxygen affinity of thaae proteins is cha-

racterized by two paraaetera» Pjq l°0P5O ‘ lsPi/2  ̂ 1,#* 
partial oxygen pressure at which tha protein la half - saturat-

ed with oxygen, and n - exponent of tha Hill aquation.
The relation between heaoglobin oxygenation and partial o- 

xygen praeaure (pOj) wee given by Hill in the fora of tha aqua-

tions



Logarithming of this aquation yieldst

lflt £  y - «Igp *■ *9*

«there: y » % protain saturated with oxygen,
K - equilibrium constant.

A plot of the letter equation givea a atraight. line (y - ax ♦

♦ b) enabling an aaay estimation of the interaction coefficient 

n (regresaion coefficient a « n)> IgK(b) and Pgg (lg 50/50). At 

half - saturation of the protein with the ligand 1 »lgK •

• nlgpgp.
Therefore, estimation of the relationahip between partial o- 

xygen pressure ̂ pOg) and per cent oxygenation, e.g. HbOg, per-

mits calculation of the three paremetera of oxygen affinity of a 

proteint K, P^g, and n (Fig, 1).

b)

Fig. 1. Hypothetical oxygen dlasoclatlon curves and their logerl- 
theic transformatę. The curvee ««ere calculated for the sane p50

and varloue n valuea

Hipotetyczne krzywe dyeocjacji tlenowej i ich transformacja loga-
rytmiczna. Krzywe wykreślono dla białek o tej samej wartości

p5 1 różnym n



The capacity of raapiratory protalna for oxygan binding is 
conditioned by a lot of phyeico-chemlcal factors, including pH, 

CO2 (the Bohr and Root affects), temperature, concentration of 

eome aalta (DPG, ATP, Cl", Mg2*, Ca2* and PO*“)[l, 3], In 
■oat vprtebratea, especially «annals, a strict dependence is ob-

served between the aaount of liberated protons and the O^ bind-

ing: 0.7 «ole of H* «as found to be releessd per each eol of oxy-

gan bound. The protona releaeed within tenth end hundredth free* 

tlona of a aacond are called Bohr protons. It is known that the 

reectlon of hemoglobin with oxygen depends on the pH of the 

nedlua end on the kind of animal. For exaaple, oxygen affini-

ty curvea of fish heaoglobln differ significantly fron thoae of 

other aninale (the Root affect).

One way of determination of tha Bohr affect la a determlna- 

tlon of oxygen diaaoelatlon at various pH, and naklng use of the 
relation i p ■ A lg p^/ ApH.

In the above equation p • AH* denotes the dlfferance In the 

nuaber of protona between the oxy end the deoxy for« of a pro-
tein. When the oxygen diaaoelatlon curve Is symmetrical, p^ «

■ PgQ, and therefore 0 • A lg p ^/  ApH. The 4 value denotss 

the aaount of H* releaeed by aole of a protein upon binding of e 

«ole of 02> In an equlvelent form, p ■ x/ ApH, where x ■

■ An Og/ Ap02* When 0 • O, the oxygen dissociation curve is In-

dependent of pH in the phyelologlcal range. Mar.y vertebrate he- 

■oglobine and chloroeruorlna and cephalopod henocyanlns have 

noraal or negative Bohr effect, indicating a decrease In the o- 
xygen affinity with decreasing pH. A value of p ■ -1 wee found 

for nuneroua respiratory pigments etudled. On the contrary, re-

verse or positive Bohr effect waa revealed in gastropod heaocya- 

nina [4].
Determination of theraodynaalc parameters (AG, As and Ah ) 

ia a fundamental aethod of estiaatlon of effects of phyeico-che- 

aical factors on tha special structure of nacronolecules. In 

order to deteraine the free energy, enthalpy (AH) end sntro- 
py (AS), the value of equilibrium constant K must be known. It 

Can be found fro« oxygan dissociation curves obtained at dlffs- 

rant temperatures.
The heat of reaction of oxygen binding (- AH) can be deter-

mined from the relatlonehlp:
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AH - ART Alg K

wheret R - gas constant;

T • absolute teapereturej 

K « equilibrium constant.

In the ebove equation« K nay be aubatltuted for pw  leading

to t

AM . _£8I _____ ^.la
A lg pw  2,3A RT

or lg Pjq ■ AH 2,3 RT.

The last equetlon can be preaanted graphically aa a plot of 

lg pgQ - f(1/T) enabling calculetlon of H froe the reletien» AH ■

■ tg a • 2,3 R (Fig. 2).

Fig. 2. Temperature dependence of oxygenation and equillbrlun co~
nstant

Zależność utlenonenle oraz etałej równowagi K od tenperatury

The temperatura dependence of interaction of reeplretory pro« 

teins with oxygen is characterized by so called teaperature coef-

ficient



^  - M g  Pso/ AT

It la known that tha oxygen affinity daeraasaa with lncraea- 
lng temperature, according to the to the equetlont

AH - 0,0192 r ) lg(pJ0/p|J)kO aol“1

with: AH - heat of oxygenationt

T1, T2 - lower and higher teaperaturea, respectively (in K );

p50* P50 referring to reapectlve tenpereturea (T1 end T2),
For majority of raaplratory proteins, AH ranges from -40 to 

-65 kO aol*1. Lower velues of AH Indicate a more atable mole-
cular configuration upon traneltlon from the deoxy to the oxy 

fora. The oxygen dissociation curvaa obtained at different tem- 

paraturea have tha aeme shape Indicating that the heat of oxyge-

nation la tha eaae for all haaea In the molecule. Moreover, heme 
groupe of different hemogloblnee have practically, the same va-

lues of the heat of oxygenation. Thoss data are Important for 

underatandlng of the phenomenon of cooperatlvlty.Proteins which 
do not exhibit the lnterectlon phenomenon have a value of n=l 

and a hyperbolic oxygen dlaaodatlon curve. Sigmoidal curvaa are 

characteristic for n > 1, up to a maximal value of 6.

The phenomenon of cooperatlvlty la constant under physlologl- 

cel conditions and la typical only for thoae proteins which are 

aggregates of at least 4 subunits. Xt Is noteworthy that Inter-
action not necessarily occura In huge protein aggregates (hemocy- 

anlna).
The value of entropy glvaa tha due for explanation of these 

diverse behevlore of reeplratory proteins. At conetent tsmperetu- 

re.

Introduction of K Into thla aquation yieldsj

AS «—  ♦ RlnK 
T



This formula permits plotting a llnaar ralatlonahipt

RlgK - <-$-)

from which As and AH can be calculated, alnce the elope of 

tha line gives AH, and y - intercept of the line la equel 
to AS (Fig. lb),

Zt was found that oxygenation la accoapenled by a considsreb- 

le decrease in entropy. Indicating that oxygen binding leada to 

a considerable decreese in the degree of freedoa of protein Mo-
lecules.

Zt results froa the presented data that deteralnatlon of o- 

xygon dissociation curves la indlapeneable for physico-chemical 
characterization of respiratory protalne.

Oxygen dissociation curves are usually derived by the spec- 

trophotometric aethod. Recently, voluaetrlc or polarographlc 
aethods are also employed Cl].

A convenient spectrophotometric aethod of deteralnatlon of o- 

xygsn dissociation curves wee proposed by A e e k u r e  et al.
[2]. Introduction of slight modiflcetlons of thle procedure, e- 

specially avoiding the pipette with mercury for meeaurement of 

the air added, as well aa neglecting one term of the equation 
led renders this aethod more simple and efficient.

Material and methods 

Principle

Spectrum of hemoglobin devoid of oxygen (deoxyheaoglobln, Hb2*) 

with one absorption peak at 560 nm differs froa that of oxyhemo-
globin (HbOg), with two absorption aaxlaa at 540 and 578 na, 
end a minimum at 560 nm. •

Zn a tight vessel (modified Thunberg tube) in the preeence of 

a reducing agent (NaBH4, or N a^O j) the eolutlon of Hb02 le de-

void of oxygen end converted into Hb with accompanying charac-

teristic change in spectrum. The decrease of the ebaorptlon me- 

¿ima at 540 nm and 578 nm, and eppeerence of the maximum 
at 560 nm indicates a complete conversion. Readdltlon of eir



leads to • gradual oxygenation of Hb to Hb02 accompanied by re-

appearance of the eaxlea et 540 and 578 nm, end dleappearance 
of the peak at 560 nm. The emount of oxyhemoglobin formed 

(3» Hb02) la celculatad on the beels of Increase In abuorbance at 
578 ne, assuming the abeorbence corresponding to complete Hb o- 
xygenatlon (open tonometer) aa 100%.

Procedure

Hb aolutlon of concentration of about 4 x 10“5M (A • 0.5-0.7) 

In appropriate buffer (e.g. 0.2 M phosphate, pH 7.0) l* placed 
in a tonometer »1th spectrophotomstrie cuvette. A pinch (1-2 

mg) of NeBH4 la added and the solution Is deaerated under a va-

cuum aaplretor until bubbling disappears (3-5 mln). During deae- 

ratlon the tonometer la well shaken. Than the tonometer is clos-
ed by turning the aide arm and absorbance of the solution is 

meaeured at 540, 560 end 578 nm (absorption maxima) and at 

565 and 585 nm (lsobestlc point). Approplate values of 

absorbance evidence a complete conversion of into Hb,

Changea in absorbance at leobestlc point lndlcete protein denetu- 

ratlon.
Air (oxygen) preesnt in the side arm of tho tonometer is in-

troduced into the tonometer. This is accomplished by a tight 

closing of the Inlet »1th a finger covered with a rubber thl- 

■ble end a turn of the aide arm. The hemoglobin solution is ge-

ntly but thoroughly shaken end Its ebsorbancs is measured at the 

abovementioned vwavelengthe. This manipulation is repeated 5-8 

times. The eeounts of air Introduced are dependent on the vo-

lume of the Inlet tube end Hb concentretlon. The following Tub. 

1 le ueeful for calculation and plotting of the dissociation cu-

rve according to the method of least squarss.
Before, the measurement^ the volume of t-he inlet tube must be 

determined as et correeponda to the volume of sir added at 

each step (V * V1 - V2 >. This volume is determined by weighing 

the tonometer with the Inlet tube filled with water and with em-

pty inlet tube. The weight of weter divided by its density (p) 

at the tempereture of measurement yields the volume of air intro-

duced (v0).
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After the meesurement the tonometer with the HbOg solution 

1* weighed (mj). The solution Is poured off end the empty to- 

noaeter le neighed (n>2). Then the tonometer Is filled with wa-

ter end weighed egaln («j). Totel volume of the tonometer Is 

V » (»j - m2 )p. The difference Cm3 - m^p corresponds to Vc (vo-

lume of the tonometer ebove the Hb solution). Volume of the Hb 
eolutlon equels to V - VQ. Concentretlon of Hb In the solution 

is estimated eccordlng to one of the known methods [1]. The va-

lue of y la celculated from the relation

" s
V •1*'

wheret A^ - increase In abaorbanca of the solution at 578 nm af-
ter addition of e portion of air, referred always

to A i.e. (A - A )}o w o
Aa - lncraasa In absorbance of the solution et 578 na af-

ter complete a*ygenetlon (A ■ A - Ao);

Afl - abaorbanca at 578 nm aftar complete deoxygenation.

All tha above atape ara necessary to calculata pertlal oxygen 

proaaure eccordlng to the formula t

1_
vc 1.36 xy

P°2 ‘T F  * 760 — 100-
FoTo

with i pOj - partial oxygon pressure In the tonometerj

Pa “ oxygen preeaure In the air (kPo at 20°C)s

V - volume of elr Introduced (sum):
V - volume of the gaa phase above the Kb solution (In ml);

y - % Hb02;

x - amount of Hb (in g).
In thla aquation the factor 760 • 1.36 xy/100 - 1.003 xy is 

negligible with respect to other factors and may be neglected 

in the calculation which makes the determination of the oxygen 

dissociation curve much simpler.
From the obtained deta (Tab. 1) the plot of lg y/l-y » f lg 

p02 is constructed, and the line is positioned by the method of 

least squares. The slope of the line (tg a) corresponds to n. 

The value of n mey be also calculated from the relation



. . £ = J 5  
x'

Th« value lg K 1« found as the y - Intercept of the line, or 

calculated as the value of b of the line. The ratio y/l-y ia equal 
[il at 50% oxygen saturation, i.e. its logeritha eguala to 0. The 

value of Ig p corresponding to this point represents lg (x -

intercept of the line).
Therefore all values describing oxygen affinity of a protein 

stay be read froa the plot.

The above procedure can be used without reservations for de-
termination of oxygen affinities of elaost all heaoproteIns. In 

some cases the appropriate values of > cheracteristlo absorption 

maxima of oxy- and deoxy- forma aust be teken into account [4], 

The applicability of this procedure is llaited in cases of pro-

teins of low oxygen affinity. Thle concerns, aaong others, he- 

aocyanlns for which oxygen effinlty Is determined in lergs tono-

meters (about 300 al) containing aore solution 10-20 al portions 

of air are added. In this esse, changes In abeorbenee ere mo-

nitored at 340 nm (absorption maximum for HcO_). Moreover, the
24*

buffer in which copper protslns are dleosolved must oonteln Ce , 

as Its absence results in dissociation of the large aggregates 
into much smaller components (5 S).
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UPROSZCZONY SPOSÓB 
WYZNACZANIA POWINOWACTWA TLENOWEGO HEMOPROTEIN. 

OKREŚLENIE STAŁYCH TERHOOYNAMICZNYCH

W poszachnle etosowanej metodzie wyznaczania krzywych powino-
wactwa tlenowego hemoprotein metod« spektrofotometryczną wg A- 
e a k u r y 1 wap. wprowadzono dwie zalany. Zaniechano ucią-
żliwego odmierzania powietrza przy użyciu pipety z rtęcią. Wpro-
wadzono natoelaat dodawanie stałej ilości powietrza równej obję-
tości rurki wlotowej zeodyflkowenego koeercyjnego tonometru Thun- 
berga.

Ponadto poelnlfto część końcowy równania na obliczanie w u» 
kładzie wartości ciśnienie parcjalnego tlenu. Wprowadzone dwla 
niewielkie zwiany upraszczaj« niesłychanie wykonanie krzywych 
dysoclacjl, a tym samym wyznaczenia z nich parametrów powinowac-
twa tlenowego, tj, p50 n i K. Obliczenie wartości K pozwa-
la ponadto określić etałe tereodynaelczne danej reakcji (AH, AG, 
A S).


