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EFFECT OF 2,3-DPG ON THE STABILITY
OF ISOLATED APO-a AND APO-(3
CHAINS OF BOVINE HEMOGLOBIN

The aim of this study was to investigate whether 2,3-DPG (in a
ratio of 2 molecules DPG per 1 molecule Hb-tetramer) exerts an analog-
ous effect on bovine globin chains as ATP. It was also intended to
check whether the fractions of free and loosely bound phosphates in-

fluence the oxygen affinity of bovine hemoglobin.

MATERIAL AND METHODS

Hemoglobin and globin, a- and @-chains of bovine globin
were isolated according to the methods described elsewhere [3]-

Spectrophotometric determinat -
ion of oxygen dissociation curves
of bovine hemoglobin. Determination of oxyg-

en dissociation curves was performed for:

1. Bovine hemoglobin containing free, loosely- and firmly
bound organie phosphates.

2. Bovine hemoglobin devoid of free and loosely bound orga-
nie phosphates.

3. Bovine hemoglobin devoid of free and loosely bound organ-

ie phosphates, added with 2,3-DPG in a ratio of 2 molecules
2,3-DPG per one hemoglobin-tetramer.

Distinction between free, loosely- and formly-bound phos-
phates followed that of Klinger et al. [4]. Preparation

of hemoglobin devoid of free- and loosely-bound organie phos-



phates was performed according to [4].- Bovlne hemoglobin, ob-
tained by the method of Drabkin was applied to a column filled
with Dowex 1X8 CI , 200-400 mesh Serva. The eluted Hb is devoid
of about 97% free- and loosely-bound organie phosphates.

Oxygen dissociation curves were determined according to A s a-

kKura etal. [1]- The measurements were performed on hemo-
globin solutions in 0.2 M phosphate buffer, pH 7.0. As a reduc-
ing agent NaBH” was used. From the obtained data, parameters of

a resulting straight Jline were calculated by the method of least

sguares, sihce the function

109 j- y =fl°gP°2

is a straight line, of a form: y = ax + b, where a 1is equal to
the interaction coefficient n, b = log K, and
an O2

Ten oxygen dissociation curves were obtained for each Kkind
of hemolysate i.e. 10 for hemoglobin containing free, loosely-
and firmly-bound organie phosphates, 10 for hemoglobin devoid of
free- and loosely-bound organie phosphates, and 10 for hemoglobin
devoid of free- and loosely-bound organie phosphates, added with
2,3-DPG, in a ratio of 2 molecules 2,3-DPG per one hemoglobin

tetramer,

Estimation of 2,3-DPG according to
Bartlett [2]- Principle: 2,3-DPG in a medium of con-
centrated H2S04 forms a colour complex with chromotropic (4,5-

-dihydroxy-naphthalene-3,6-disulfonic) acid. Absorbance of the
complex is measured at 695 nm.

Procedure: 4 ml of 0.01% chromatropic acid is added with
0.02 ml of 1 a sample and heated in a water bath for 2 h . In the
presence of 2,3-DPG the solution develops a blue-greenish colour.

For isolation of pure a - and (B-chains of bovine globin the
method of Clegg was follfiwed, with minor modifications. This
method if based on elution of the protein adsorbed on CM-32 cel-
lulose with an inereasing continous, linear concentration gradi-
ent of sodium ions. Then absorbance of collected fractions” is
measured at 280 nm. Profile of such chromatographic separation

is shown elsewhere ([3], Fig. 2) .



RESULTS AND DISCUSSION

Samples stored for 96 h showed distinct increases of absorb-
ance with respect to samples stored for shorter time intervals.
A similar phenomenon 1i.e. an apparent increase of the content of
a - and (3-chains after 96 h of storage, was demonstrated pre-
vlously ([3] , Table 2) . Since that may be due to denaturation
changes only, in this paper we limited ourselves to presentation
of re3ults obtained after 24, 48 and 72 h of storage. From ab-

Table 1

The content of a-and (3-chains (in mg, calculated from
absorbance measurements, assuming that the content of
a-chains after 24-h storage amounts to 30 mg)

Zawartos¢ +dancuchéw ot i @ (W mg obliczona na podstawie
ppmiaréw absorbancji przy zatozeniu, ze zawartosé
+ancucha ot po 24 godzinach przechowywania wynosi. 30 mg)

Coflepvae-fHe uenen a u P (b nr noflICHMTaHa Ha ochobOhmh
aflcopbaHL(HM npn ycjioBHH, mto coflepwaHMe Lienefi a noc/ie
24 nacos XxpaH8HMR HacHMTUBaet 30 mt)

Time of Control samples Samples containing
storage (without 2,3-DPG) 2,3-DPG
® a+ @ ot P a+ @ a G
24 43.05 30.00 13.05 39.64 26.24 13.40
s = 4.9 s = 3.07 s = 2.25 s = 3.55
6 = 2.86 £= 177 E = 1.01 E = 1.58
v = 16.5% v = 23.5% v “  8.6% v - 26.4%
48 41.93 = 29.28 12.64 38.51 25.25 13.26
s = 1.82 s = 1.06 s = 3.12 s = 1.61
e = 1.05 1 = 0.61 £ = 1.40 t = 0.72
v = 6.2% v = 8.4% V = 12.4% v = 12.1%
72 33.35 21.67 11.68 36.80 24.45 12.35
s = 2.03 s = 2.06 s = 1.73 s = 1.92
1 = 1.17 t= 1.19 E « 0.77 E= 0.85
v = 9.4% v = 17.6% v = 3.2% v = 15.5%
s - standard deviation, £ - standard error of aritkimetic mean, Vv var-

iability correlation coefficient.



sorbance values, the content of a- and @G-chains were calcul-
ated. Appropriate arithmetic means, standard deviations and stan-
dard errors of arithmetic means (expressed in mg globin) as well
as variability correlation coefficients are shown in Table 1.
These calculations were based on the assumption that the content
of a-chain does not change with respect to the initial content
after 24 h incubation and is equal to 30 mg.

Table 2

The content of a-and @-chains (in control samples without 2,3-DPG
and in samples containing 2,3-DPG) and differences between
the samples

Zawartos¢ +dancuchéw a i1 @ (w prébach kontrolnych bez 2,3-DPG
i prébach z dodatkiem 2,3-DPG) oraz roéznice wystepujace
miedzy nimi

CoflepwaHMe yenBM a m @ (S KOHTpO/ibHbix npo6ax 6ea
2, 3-fIM-0-r/iHLiepaTa h npo6ax C flo6aanoM 2, 3-~m-0-r/iMijapaTa)
a TaKwe cymecTByiomMe nemfly hmmm pasneHMe

Time of a chain @Bchain
storage
® XDPG V*DPG \ XDPG V*DPG
24 30.00 26.24 3.76 13.05 13.40 -0.35
48 29.28 25.25 4.03 12.64 13.26 -0.62
72 21.76 24.45 -2.78 11 .68 12.35 -0.67
- control samples, XDPG ” samples containing 2,3-DPG.

+

It results from the data shown in Table 2 of the preceding
paper [3] that in both sets of experiments, where the initial
content of globin was egual to 60 mg 1in a sampler, the content
of a-chain decreased down to about 20-25 mg, and the content
of (B3-chain down to about 12-13 mg after 72 h storage at 4°C.

Mean content of a - and (3-chains in control samples (with-
out 2,3-DPG) and in samples containing 2,3-DPG 1is shown in Tab-
le 2 and in Fig. 1.

2,3-DPG has a slightly stabilizing effect on the a -chain
only after 72 h storage, while after shorter times it seems to
accelerate its degradation. Similar results had been obtained
previously for ATP (Table 2 of the preceding paper [3])- A



slight stabilizlng effect of 2,3-DPG on the (3-chain was detec-
table after 24, 48 and 72 h, but the differences 1iIn the protein
content between control samples and samples containing 2,3-DPG
are not statistically significant. This effect is considerably
smaller than the distinct sftabilizing action of ATP.

Fig. 1. Effect of 2,3-DPG on the content of globin a - and (3-chains (aura of
the contents of a- and (3-chains was asstuned as 100%)

Wptyw 2,3-DPG na zawartos¢ tancuchéw a i1 @ globiny (sume zawartosci tancu-
chéw a 1 @ przyjeto za 100%)

B/Z/iKHHHe 2 ,3-fIn-$-rnML(epaTa Ha coflepwaHne uenen a m (3 r;io6MHa
(cyMMy fCOflepwaHMfl ueneii a m (3 nNnpMHHTO csuTaTb aa 100%)

Per cent content of a - and |3-chains and of their sum with
respect to control samples (without 2,3-DPG) is shown iIn* Fig. 2.
Respective protein contents in control samples were assumed as
100%.

Statistical significance of the differences in the content
of a - and (3-chains between control samples (without 2,3-DPG)
and samples containing 2,3-DPG was estimated using the Stud-
ent-Fisher test. Results of these estimations are summarized in
Table 3.



\
The differences in the content of (3-chain are not statisti-
cally significant while in the case of a-chain are statistic-

ally significant for all times of storage.

Fig. 2. Per cent content of a - and (3-chains and their sum in samples
containing 2,3-DPG as compared with control samples (without 2,3-DPG) as-
sumed as 100%

Zawartos¢ procentowa #ancuchéw a i @ oraz ich sumy w prébach z dodatkiem
2,3-DPG, w stosunku do préb kontrolnych (bez 2,3-DPG), przyjetych za 100%

npoueHTHOs coflepmaHwe Lisnefi a u @ a TakKwe nx cyrwu b npobax
c floSaB/ieHMBM 2,3-FIn-(J)-r"MUBpaTa no oTHoiueHHio k KOHTponbHUM npo-
6aM  (6e3 2,3-FlH-i))-r/iMidepaTa) , npwHHTbtx aa 100%

It is necessary to obtain possibly equivalent amounts of na-
tive eypo-a. and apo-@ chains for further studies on the radio-
protective effect of hem on the primary structure of hemoglo-

bin.



Table 3

Statistical significance of differences in the content
of a- and (3-chains between control samples (without
2,3-DPG) and samples containing 2,3-DPG, from the
Student-Fisher t test

Sprawdzenie istotnosci statystycznej roéznic wystepujacych
w zawartosci #4ancuchéw a i1 @ pomiedzy probami kontrolnymi
(bez 2,3-DPG) a prébami zawierajacymi 2,3-DPG, wykonane
testem t Studenta-Fishera

11pOSepHa CT3TWCTHH8CKOM Cyi”~HOCTM paSJIMHMM
b coflepwaHHH LienePi a u @ Mewfly HOHTpo/ibHbiMH
npofiaMM (683 2,3-fIH-()-r/iHURpaTa) u npoflavM,
coflepwaiUMMH 2, 3-fIM-(ti-rnML(epaT , npOH3B8fl8Ha
MSTOFIOM t CTyfIBHTa-SiMUjepa

a chain @chain
Time of
storage ()
tO 2] tO P
24 2.593 < 0.05 0.266 > 0.7
48 3.633 < 0.02 0.754 > 0.4
72 2.718 < 0.05 0.648 > 0.5

Number of degrees of freedom = 6.

A s apo-@ chain is cconsiderably
less stable than apo-a c¢hain, uti-
lization of ATP is mor e suitable
than 2 ,3-=DPG is more prom ising for 1imp-
rovement of the y ield of isol g tewd
chains. As it was already mentioned [3], the content of

DPG is considerably Ilower in bovine than in human erythrocytes
(© times according to our data, some authors report a lack of
this compound in bovine red cells). Therefore 2,3-DPG cannot af-
fect the process of oxygen binding by hemoglobin in vivo in the
case of bovine erythrocytes unlike in human red cells.

In order to check whether the added 2,3-DPG binds to globin
chains, its content in control samples (without 2,3-DPG) and in
samples containing 2,3-DPG separated according to the method of
Clegog et al. (chromatographic profile 1like that shown in
Fig. 2 in the preceding paper [3]) was determined by the method



of Bartlett [2]1 - The estimations were performed for
first 10 fractions (non-globin protein) and for fractions conta-
ining apo-a and apo-(3 chains. Samples added with 2,3-DPG show-
ed a considerable level of this ester in initial 10 fractions
and smali Its amounts in fractions containing globin chains. It
was not possible to detect any preferentialbinding of 2,3-DPG to
any of the isolated proteins by the applied method.

Table 4

Oxygen affinity parameters p50 and n of bovine
hemoglobin for three different hemolysates

Parametry pgq i n powinowactwa tlenowego hemoglobiny
wotowej dla trzech réznych hemolizatéw

IllapaMeTpbi p50 u n HMC/iopoflHoro cpoflCTsa
fibHbsro reMor/ioOMHa fl/in T_pex pa3Hbix rjiniiepaTOB

Hb containing free Hb devoid of free Hb devoid of free
and loosely and, and loosely bound and loosely bound
firmly bound organie organie phosphates organie phosphates
phosphates + 2,3-DPG
P50 n P50 n P50 n
[mm Hg] - [mm Hg] [mm Hgl
21.7 2.25 20.6 2.10 22.8 2.03
21.6 2.26 20.5 2.30 22.5 2.18
21.2 2.30 20.4 2.27 22.3 2.34
20.7 2.32 20.4 2.00 22.3 1.99
20.6 2.45 20.1 2.13 22.0 2.20
20.4 2.29 19.8 2.31 21.9 2.32
20.2 2.21 19.8 2.18 21.7 2.01
20.0 2.39 19.7 1.97 21.4 2.34
19.9 2.12 19.5 2.06 21.3 2.18
19.9 2.40 19.3 2.26 21.1 2.12
*
**50 s *50 s * P50 s
20.6 0.7 20.0 0.4 21.9 0.5
Xn s X n s X n S

2.31 0.08 2.16 0.13 2.17 0.13



Results of hieasurements of oxygen dissociation curves for
hemolysates of different content of phosphate esters are sum-

marized in Table 4.
Table 4 contains also raean values and standard deviationsof

P50 and interaction coefficient n for three kinds of hemoly-

sates.

Fig. 3. Oxygen dissociation curves of bovine hemoglobin for three different
hemolysates

Krzywe dysocjacji hemdalobiny wotowej dla trzech réznych hemolizatéw

HpusNB FIMCOUHUMM SbiHbBro rsiiorno6HHa p,n\ Tpex pa3Hbix r"Muepa-
TOB

Figure 3 shows oxygen dissociation curves of bovine hemoglo-
bin for three kinds of hemolysates. The curves are based on mean

values of and n iIn a system

log j-z-j = f(log p50)

Table 5 contains comparisons of significance of differences
in the p™0 and n values between 3 kinds of hemolysates, using

the Student-Fisher t test.



Table 5

Comparison of differences in the values of p50 and n
between three different hemolysates, by means of the
Student-Fisher t test

Poréwnanie réznic wystepujacych w wartosciach P50 i n
pomiedzy trzema réznymi hemolizatami, wykonane
testem t Studenta-Fishera

CpaBHBHHa paSHHLt, BHCTynaiQmMX B BB/IHMHHaX
p50 H n MBWFly TpBMa pa3HbIMM r/IMUBpaTaMM ,
npoaefleHa MBTOFfIOM t CTyfIBHTa-<t>muepa

Hb containing free,
loosely and firmly
bound organie phos-
phates /Hb devoid
of free and loosely
bound organie phos-

Hb containing free,
loosely and firmly
bound organie phos-
phates /Hb devoid
of free and loosely
bound organie phos-

Hb devoid of free
and loosely bound
organie phosphates

/Hb devoid of free

and loosely bound
organie phosphates

phates phates +2,3-DPG +2,3-DPG
%
P50 n P50 n P50 n
1.809 1.035 3.752 0.996 6.333 0.062
p > 0.05 p>0.3 p < 0.01 p > 0.3 p < 0.001 p> 0.9

Number of degrees of freedom = 18.

The obtained results indicate that removal of free and loos-
phosphates does not affect

The addition od 2,3-DPG in

ely bound organie significantly the

oxygen affinity of bovine hemoglobin.

a concentration exceeding tenfold physiological values, applied

results in a considerable decrease of oxy-

in the present study,
gen affinity.

CONCLUSIONS

lower stability than

1. B-chains of bovine globin exhibit a

a -chains, what is compatible with the data obtained previously

in studies of the effect of ATP on the stability of bovine globin

chains.



. 2. Addltion of 2,3-DPG does not affect the stability of G
-chaln so exhibiting a different action than ATP. As it was
found previously ATP stabilizes @B-chain, too.

3. Fraction of free and loosely bound phosphates does not af-
fect significantly the oxygen affinity of bovine hemoglobin.

4. Addition of 2,3-DPG in a ratio of 2 molecules 2,3-DPG per
1 hemoglobin tetramer (concentration exceeding tenfold the phos-
phate level in bovine red blood cells) results in a significant
decrease of the oxygen affinity of bovine hemoglobin.

However, 2,3-DPG is present in too low concentration in bov-
ine erythrocytes to affect the biological function of hemoglobin
in vivo. Moreover, in the (3-chain of bovine globin, valine in
position 1 is lacking, and methionine is present in position 2.
Therefore the lack of the N-terminal valine and of the subsegu-
ent histidine (in position 2) is of importance for the inter-
action of this chain with 2,3-DPG.
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WPLYW 2,3-DPG NA TRWALOSC 1ZOLOWANYCH APO-a i APO-@
£ ANCUCHOW HEMOGLOBINY WOLOWEJ

Uzyskane wyniki $wiadczg, ze oderwanie wolnych i stabo zwigzanych fosfo-

ranéw organicznych nie wpitywa w istotny sposéb na powinowactwo tlenowe Hb wo-



fowej. Zastosowany w pracy dodatek 2,3-DPG, dziesiyciokrotnle pr/okraczajAl
wartosci fizjologiczne, powoduje wéwczas spadPk powinowactwa tlenowego.
tancuchy (3-globiny wotowej wykazuja mniejszag trwatos¢ niz tahcuchy a-
-globiny. Dodatek 2,3-DPG nie wywiera wptywu na trwatos$¢ #+ancucha @-hemo-
globiny wotowej, ma wiec inne dziaktanie niz ATP, Kktdry jak stwi. rdzonow po-

przedniej pracy, ma dziatanie stabilizujace na ten +ancuch.

Bnprw/imuj flyfla, 3flHrHea Xpafieu, BaHfla Jlbwmo

B/IMRHHE 2,3-fIn-iJi-r/1HI4EPATA HA fIPOMHOCTb M3Q/||ftI?QBAHHUX
Ano-a M An0-|3 KEnER rEMOT/106MHA BUHDbEfl HPCBM

PacTsopu rna¢MHa xpaHM/iHCb a npHcyTCTBWH 2 ,3-fIM-iJ)-rnHi4BpaTa
npn HOHLieHTpauMM  2,3-fIM-(ii-r/iMuepaTa : TSTpanep Hb = 2 : 1 b FISHO-
HM3MpOaaHHOM , 0 M mohbbmhb, ¢ ,go6abnehhbm (3-mBphantoaTaHana, T *
= +4°C. npn TaHMX we yC/10BHHX XpaHH/IHCb KoHTpO/IbHbis npOChbl, T.B.
pacTBopbi r/iofiHHa 6b3 2,3-fln-$r. Paafle/ieHue r/iofiIHHOB o w (3 ripo-
BoflH/iM MBTOfIOM Knerra Ha Ko/ioHKax ¢ CM-32 agen/iio/io3DH, onpGfle.nafl
coflspwaHMB iisnefi a u (3 nocne 24, 48 u 72 Macob xpaneHnfl.

IlonyHeHHUe pesy/ibTaTbi oBHfleTe/ibCTByioT o tom, hto oTcoeflHHSHMe
CBoseoflHbix m " GJiaSo-CBti3aHHbix opraHHMBCKMX  $oot])alr)B hs b/ihfibt cy-
mecTBBHHO Ha cpoflOTBO k KMC/iopofly ebiMbero reMor nofiHHa. ,D,osaB jishho
2, 3-FIH-ip-r/inidepoi))ocOaTa, a 1D pa3 npesbiiuaiGiuBe ero itmaHo/torHHBCKoe
coflepwaHMe BbisbiBaeT yrieHbUjeHHe opofICTsa k kmcnopofly .

Usnw B CbiHbero reMornoGHHa xapan TepnayiOTCn nonHWBHHOH cta-
en/ibHocTbio no othoujbhhk3 h  ot-uanfiM reMornoCHHa.  flofiaB/iSHwe 2, 3-
-FIM-Cti-mMLiepo(tioc(tiaTa hb b/imhbt Ha. oTaen/ibHOoCTb | uenw SbiHbero
reMorjiofiHHa. Ta« 2, 3-fln -$-r/iHi(epo(@>oc()aT FledcTBye r no Flpyror-iy hbm
ATtP, HaTopbiw O0Ta6nnM3HpyeT 3Ty uenb, hto nonasaHo § npsflbiflymeH
cTaTbe.



