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Studies on Interactions Between Metmyoglobin and Heparin 
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Abstrac t . The complex formation between metmyoglobin and heparin was investi
gated by absoibance and fiuoiescence spectroscopy as well as differential scanning 
microcalorimetn In acidic pH legion, three distinct complexes detected by ab
soibance measurements are formed depending on pH and time of equilibration 
The kinetics of the conformational transition of metmyoglobm-hepann complex 
equilibrated at neutral pH observed after pH change to acidic region comprises 
two steps During the first step, characterized by rapid changes of the absoiption 
spectra (approxmratelj 5 minutes) as well as fluorescence interisrties reversible 
transition with pK = 6 5 ± 0 1 occurs and the first type of the complex forms 
Below pH C 2 the transition with pK = 5 7 ± 0 1 is observed and the second type of 
the complex is formed During the second slow step, the third type of the complex 
formed after 30 mmutes of equilibration is characterized b> a spectrum correspond
ing to low-spin form without protein axial hgand bound At neutral pH and 25 °C, 
the interaction between metMb and heparin only slightly alters absorptron and 
fluorescence spectra On the other hand the formation of metMb-heparrn complex 
is c stabhshed from the decrease of the transition tempeiature fiom 80 4 ± 0 5°C 
to 74 7 ± 0 5°C Moreover, the binding of heparin pi events the aggregation of the 
protein at isoelectric point resulting m a considerable increase in the ieversibiht\ 
of thermal denatuiat ion 

K e y words: Metmyoglobin Polyamon binding Optical spectroscopy Flu

orescence spec troscop\ — Miciocalonrnetry 

Abbrev ia t ions : metMb metmyoglobrrr, Trp tryptophan, DSC-drfferential scan

ning unci ocalonmetry, As W (KAs4Wi4o)2 7~ SbW (NaSbqW 2 i0 8 6) 1 8 , HPR 
heparin 

Correspondence to M Antahk Department of Biophysics, Institute of Experimental 
Physics Slovak Acadenry of Sciences, Watsonova 47, 043 53 KOSICP Slovakia Fax (+421 
95)763 754 E mail antalikSsaske sk 



118 Foduno\a and Antahk 

Introduct ion 

Myoglobin (Mb) is an oxygen-bmdmg heme piotein found m the heart and skeletal 
muscle trssue The ferrous form of Mb rs required for reversible oxygenation to 
occur However the mac tive metMb form rs generated m the- presence of oxidants, 
therefore a mechanism foi reducing metMb is necessary It has been shown that the 
metMb reduction system requnes cyt 1>3 as an election trarrsfer medrator MetMb 
and cyt b^ form a l l complex through clectiostatic mteiac tions Computer rrrod-
clmg reyeals three posrtrvely charged residues of Ľys of metMb and negatrveh 
charged car b o w l íesrdires and heme propionate as contact points in the c oinplex 
(Lningston et al 1985) Absoiption spectioscopic studies can piovrde insight into 
the molecular structure of these complexes but difficulties arise when similar chio-
mophonc groups of both piotems contrrbute to the measuied spectia The use of 
p o h a m o n s as models of natural basic iedo\ partners appears achantageous because1 

the p o h a m o n s contain no absoiption bands in the visible region (Chottard et al 
1987, Hrldebrandt 1990, Antahk et al 1994 Sedlak 1997) 

Chottard et al (1992) have observed the binding of seveial polytungstates 
to metMb (as an example of neutral protein) wrth association constants and stor-
chiometrv comparable to those of the cy t b^-metMb complex 

Heparrn rs one of the stiongest p o h a m o n s that occurs naturally nr oigamsms 
(Jacques 1980, Fronrnr et al 1995) The chain of the free molecule is hydiophihc 
and unfolded due to the electrostatic repulsion between the negatiyely chaigecl 
groups Heparin forms complexes with basic piotems by means of electrostatic 
mteiac tions (Jacques 1980) Binding of hepairn to these piotems induces confor
mational rearrangement and alteis then activity (Antahk et al 1992, Fromm et 
al 1995) Compaiing with polytungstates, the poh anion heparin lacks the gieat 
disadvantage of them namely low stabrlrty in wide pH range 

In the present work yve studred the complex formation between metMb and 
heparrn m neutial and acidic pH legions The1 resulting structural modifications 
upon hepairn addition weie investigated by optical absoiption spec troscopy, fluo
rescence, and diffeiential scanning mrcrocalorrmetrv 

Mater ia l s and M e t h o d s 

Heparrn, sperm whale and horse skeletal muscle tissue metMb weie obtained from 
Sigma Chemrcal Co (St Louis USA) MetMb was used without furthei purifica
tion Befoie eveiy measurement, 18 /jmol/1 K i Fe(CN)( ) was added to the sample 
to keep metMb fully oxich/ed 

H E P E S and phosphate buffers weie obtained fiom Serva (Herdelberg, Ger
many) The pH values were changed by addrtion of concentrated HC1, and were 
measuied yvith a Sensoiex glass electiode 
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The concentration of metMb was determined spectrophotometncally (£409 = 
157 l/(mmol cm) for sperm whale and £408 = 188 l / (mmolcm) for horse heart) 
(Antonmi and Brunoii 1971) In titration experrments the sample was equrhbrated 
prior to the measurements The equrhbration of the sample was determined bv 
monitoring the evolution of the absorption spectra Typical incubation times for 
complex formation yveie 2 hours, and 30 mm for pH ti tration of the complex 

Absorption measurements were made on a SHIMADZU UV 3000 spectropho
tometer, and fluorescence measurements on a SHIMADZU-5000 The excitation 
wayelerrgth foi Tip was 290 nm The piotem concentration was about 5 /jmol/1 
Differential scanning caloiimetric measurements weie carrred out using a highly 
sensitiye DASM-4 nnciocaloirmeter with a heating rate of l ° C / m m and a temper
ature range from 18°C to 110°C All the experimental curves were calibrated to 
the base line obtained by heating of the buffer solution The p io tem concentration 
was about 90 /iinol/1 

The enthalpres of denaturatron were eyaluated from the experimental curves 
of the heat absorption according to the following equations 

-^Hcai ^ a s dcteimined from the theimal effect Q t of denaturatron by relating 
the area of the heat absorption peak to the area of the cahbratron peak 

The van't Hoff enthalpy was calculated fiom the equation 

AHlH=4B(Tin)
2CpuiAX/Qt 

where A Í Í V H IS the van't Hoff enthalpy, R is the gas constant, C p r n a x is the height 
of the heat capacity curve for T = Tm (Prívalov and Kheclnnashvrh 1974) 

The p/v values of transrtion were obtained from the change of the maximum 
position of absoiption bands at 505 535 11111, from the change of the intensity of 
the band at 535 nm and from the change of the fiaetion of fluorescence intensity 
and optical absoiption at 395 410 nm, where zero value corresponds to the native 
state and value 1 to the state when conformational changes caused by polyamon 
binding are fully saturated 

Resu l t s 

Spectral properties of heparin binding to metMb 

Optical absoiptiov 

Upon stepyvise addition of hepaim to the solution of metMb at pH 6 2 after 30 
mm equilibration and aftei each addition of hepaim the following changes were 
observed the Soret peak yvas shifted from 408 nm to 395 nm arrd its intensity de-
cieased the bands at 505 arrd 635 nm \yeie weakened and a band was formed at 535 
nm (Fig la , b) No additional changes weie obseived above heparin concentration 
1 5 mg/ml Since the molecular yyeight of heparrn cannot be evaluated exactly due 
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Figure 1. Absorption spectra of free sperm whale metMb (4 //mol/1) (solid line) and its 
complex with heparin (1 5 mg/ml) (dashed hne) m Soret (o) and in 480 700 nm legion (b) 
m 10 mmol/1 HEPES buffer solution pH 6 2 Inset in b the plot of the complex metMb-
hepaim fraction detected bv absoibanco change at 408 440 nm \s heparin concentration 
Value 0 of the optical absorbance fraction e orresponds to the native state and value 1 to 
the state when conformational changes caused by heparin binding are fullv saturated 

to the various lengths of the chain and the molar association constants could not be 

precisely deteimmed, the complex foimation was quantitatively chaiactenzed only 

m terms of gram per millilitei As can be seen from Fig 16 (mset), the complex 

foimation betyveen metMb and heparin is not a simple piocess Only small changes 

of the Soret absorbance change appeal up to heparin concentration of 0 4 m g / m l 

Any subsequent mciease of heparrn concentration results m an abrupt increase of 

the Soiet absorbance change, whrch is fully saturated at 1 5 mg/ml 

At pH 7 3, the spectium of metMb in the piesence of sa tmat ion amounts of 

hepaim aftei 2 hours of eqmlibiation (Fig 2 solid line) was piactically identical 

to that obseived for native metMb Only the intensity of the Soret band shghtlv 

decreased (by about 8% not shown) It should be pointed out that the binding of 

hepaim had no overall effect on metMb structuie m the heme moiety at neut ia l 

pH This foim of the complex should be classified as type N Fig 2 also shovys the 

spectia obtained upon changing the pH fiom 7 3 to 6 7 arrd 6 2 after 30 mmutes 

of eqmlibiation until no additional changes of absorbance occuned The mtensrtres 

< 
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Figure 2. Iunuene e of pH on the visible spec trum of sperm whale metMb-heparm c omplex 
m Soiet {a) and m 480 700 nm region (b) m 10 mmol/1 HEPES pH 7 3 (bold solid line) 
C 7 (dashed hne) 6 2 (solid line) Piotem concentration 4 /nnol/1 hepaim concentration 
1 5 mg/ml The spectra weie obtained b\ changing pH from 7 3 to C 7 and 6 2 aftei 30 
minutes of eqmlibiation until no additional changes of absorbance occurred Inset m b 
acid denaturation eui\es of free sperm whale metMb (•) and metMb heparin complex 
(o) at the same conditions \ alue 0 of the optical absorbance fraction c oi responds to the 
natne state and \alue 1 to the state when conformational changes caused bv pH change 
aie fulh satuiated 

of the bands decieased yyith the loyyermg pH The bands at 505 nm arrd 635 nm 
typical of high-spin form decieased a band occiuied at 535 nm and the Soret band 
slightly shifted from 408 nm to 395 nm E\en though the decreases of sewral bands 
could indicate the formation of low-spin species the deciease of the intensity and 
the blue shift of the Soiet band apparently reflected a partial exposure of the heme 
horn the cay íty when the piotem axial ligand was not yet bound to the heme This 
partially low-spin foim should be classified as type H The acid-unfolding profiles 
of metMb and the iiietMb-hepaim complex shown in Fig 2b yyere obtained fiom 
the absorption spectia íeeoided in the Soie^t legion The pA" constant of na tne 
me t Mb is 4 1 ± 0 1 In the piesence of hepaim the trarrsrtron \yas shifted to a highei 
pH y alue pA = 6 2 ± 0 1 It yvas not possible to eonve it the H form to \ foim by 
changing pH hour acidic to neutial íegron 

The kinetics of the conformational transition of the metMb-heparm complex 
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Figure 3. \bsorption spectrum of sperm whale metMb-heparm complex in 10 mmol/1 
HEPES pH 7 3 (solid line), 6 2 (dashed line) obtained after 5 minutes upon pH change 
from 7 3 to 6 2 Protein concentration 3 //mol/1, heparin concentration 1 5 mg/ml Inset 
Dependence of the absoibanee maximum position m 505 535 nm region on pH 

eqmhbiated at pH 7 3 obseryed after pH change to acidic region compnsed at 
least two steps (rrot shown) The fust step was chaiacteiized by very rapid changes 
(appioxnnatelv 5 mm) m spectia The second step was a slow ielaxation of the 
metMb heparrn complex to unhganded heme H foim (Fig 2) Wheieas in the 
Soiet legion the absorbance only decreased with the decreasing pH, significant 
shifts of maxima positions weie observed withm the 500 700 nm regrorr Frg 3 
shows the absorption spectrum of the metMb-heparm complex at pH 7 3 and the 
spectrum obtained aftei 5 mmutes upon pH change fiom 7 3 to 6 2 The band at 
505 nm shifted to 535 nm and its intensity increased, the shoulder at 545 nm shifted 
to 565 nm and the intensity of the band at 635 nm decreased This foim of the 
metMb heparin complex is classified as type I Fiom the plot of the shift of the 
maximum position at Am a x legion from 505 to 535 nnr vs pH we obtained the value 
of pA = 6 5 ± 0 1 of the1 transition between N and I form (Fig 3, inset) A decrease 
of pH to below 6 2 led to an additional shift of the band at 535 nm to 520 nm arrd 
an me lease of the 635 nm band (not shown) From the plot of the absorbance of the 
band at 535 nm we established the pA' constant for the trarrsrtron between I and 
II form p A = 5 7 (Fig 4) Frg 5 shows the spectra of metMb-heparm complex at 
pH 1 5 and fiee metMb at pH 2 The form of the complex piesent at pH 4 5 should 
be classified as tvpe II (Fig 5, solid line) The structure of the visible spec t ium in 
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Figure 4. Plot of absorbance of the band at 535 nm foi sperm whale metMb-heparm com
plex vs pH m 10 mmol/1 HEPES, protem concentration 3 //mol/1, heparin concentration 
1 5 mg/ml 
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Figure 5. absorption spectia of free speim whale metMb (4 //mol/1) in pH 2 (dashed 
line) and metMb-hepaim (1 5 mg/ml) complex at pH 4 5 (solid hne) in 10 mmol/1 HEPES 
buffei solution obtained after 30 minutes of eqmlibiation 
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Figure 6. Dependence of normalized fluorescence emission at 350 nm (•) (excitation 
wavelength Atx( = 290 nm) and normalized difference m absorption spectrum at 408 440 
nm (o) foi speim whale metMb (4 //mol/1) on heparin concentration (ÍH PR) m 10 mmol/1 
HEPES pH 6 2 

Soiet legion íesembles the spectrum ejf acid- denatuied metMb at pH 2 the slight 

differences of the position of bands at 635 nm and absorbance at 535 nm indicate 

that the weak influence of heparrn on metMb is still piesent at this pH and the 

complex is not bioken at this pH While m the ease of H type the mciease of pH 

did not lead to s t iuctuie renewal nr the heme legion, it is possible to convert type 

I to type N as yvell as t \ p e II to I by changing pH immedrately after complex II 

has foi med 

Fliioif sec/te c 

Two t iyptophanvl residues Trp-7 and Trp-14 are located irr the N-terimnal íe-

giorr (Takano 1977) In the ease of intact metMb, the mtimsic fluorescence of both 

tryptophans rs partially quenched due to the energy transfer to the henre group 

(Hcxhstiasser arrd Negus 1984) The coherency of the energy transfei depends on 

the distance and relatiye onentat ion betyyeen the heme giorrp and the t iyp tophan 

molecules Hence Tip fluorescence seems to be a suitable marker of s tructural 

changes in the N-teimmal region and the heme pocket Native metMb has a fluo-

icsceiice emission maximum neai 340 nm irr response to excitation at 290 nm, the 

maximum of the fluorescence mtensrty of the protem corresponds to 10% of the 

fluorescence intensity of free Tip in the same concentration 
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Figure 7. pH dependence of normalized fluorese ence emission at 350 nm (excitation 
waielength Aexc = 290 nm) for free sperm whale metMb ( • 10 mmol/1 HEPES T 

10 mmol/1 HEPES + 05 mol/1 NaCl ) and metMb heparin complex (o 10 mmol/1 
HEPES V 10 mmol/1 HEPES + 05 mol/1 NaCl) Protein concentration 4 ttmol/1, 
hepaim concentration 1 5 mg/ml 

The change m fluorescence rntensity versus hepaiin concentration at pH 6 2 rs 
shown m Fig 6 In the piesence of increasing amounts of heparin the fluoiescence 
intensity increases and the maxrmrrm of the emrssron spectrum rs red shrfted about 
10 nm, which suggests that hepaim binding lesults m the exposing of Tips to moie 
polar environments than m native metMb This Figure is a plot of the fiaction 
of fluorescence intensity and optical absorption, wlieie zeio yalue corresponds to 
the native state and yalue 1 to the state yvhen conformational changes caused by 
hepaim binding aie fully saturated Although both cuives are similar (Fig 6) 
shoiter time is needed to reach equilibrium m fluorescence measurements As a 
lesult of rompaiison of both cuives it may be concluded that perturbation due 
to hepaim binding is not localised but is sequentially dis tnbuted fiom the surface 
throughout globule In othei words, the binding of heparin comprises coopeiativelh 
the entire piotem molecule 

The l e l a t n e fluoiescent intensity of Mb and of the complex with hepaim as a 
func tion of pH and ronrc strength rs shown m Frg 7 After initial rapid equilibration, 
no additional c hanges of fluorescenc e intensity were observed The transition with 
pA = 4 1 ± 0 1 was typical for fiee metMb m 10 mmol/1 HEPES In the case of 
the complex the pA yalue was shifted to 6 5 ± 0 1 This pA yalue agiees with that 

T I i I i | i | i I r 
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Figure 8. Temperature dependence cuives of normalized difference in absorption spec
trum at 408 440 nm foi fiee (•) and complexed (o) sperm whale metMb as well as free (•) 
and complexed (0) horse skeletal muscle metMb m 10 iimiol/1 phosphate buffei solution 
pH 7 4 Protein concentiation 4 /tmol/1, heparin concentration 1 5 mg/ml 

obtained fiom absoiption measurements foi the rapid pioee>ss Howeyei the pA 
yalue of the tiausition established fiom absoibance spectia at lowei pH was not 
obtained by the fluorescence method In the presence of 0 5 mol/1 NaCl the pA' 
constant of the complex decreased to 4 8 ± 0 1 and approached the value of 4 4 ± 0 1 
foi natiye metMb 

Thermal stability of the heparin-metMb complex 

Fig 8 shows the temperature dependence < mves of the optic al absoibance change 

at the Soiet legion of native speim whale metMb and hoise skeletal muscle me tMb 

and then complexes yyith hepaim m 10 mmol/1 phosphate buffer, pH 7 4 It can 

be seem that similai t iausition midpoints weie obtained for both speim whale and 

horse skeletal muscle myoglobin The T,„ value was 82 4 ± 0 5°C and van' t Hoff 

enthalpy Arr \ H was 437+30 k l / m o l foi na tn e metMb Addition of heparin alteied 

the denatuiat ion piopeities of the piotem The transition temperature decreased to 

73 3 ± 0 5°C and the van t Hoff enthalpy to 349 + 30 kJ /mol The denaturatron was 

only paitially teveisible probably due to exposing of the heme fiom heme pocket 

Thus m the piocess of heat denatuiat ion, the presence of heparin irr the solution 

slightly decieased the theiinal stability of metMb 

For the precise thermodynamic analysis of heat denatuiat ion yve used the 
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F i g u r e 9. DSC- the imograms of fiee horse skeletal muscle m e t M b (curve 1) and m e t M b -
hepaim complex (curve 2) in 10 mmol/1 phospha te buffer solution pH 7 4 P ro t em con-
i entrat ion 90 /xmol/1 h e p a i m concentration 3 m g / m l 

< aloiimetric method One of its gieatest advantages compaied to othei methods 

is that not only ealoiimetiic, but also van't Hoff enthalpy of denatuiat ion can be 

obtained from the same expeimrerrtal curve of heat absorption 

Fig 9 shoyys the> DSC theimograms for native metMb and foi the comple>x with 

hepaim in 10 mmol/1 phosphate buffer solution at pH 7 3 The theimal t iansit ion 

of pure metMb was cliaiactenzed by a single peak at 80 4 ± 0 5°C ealoiimetiic 

enthalpy AHlM = 364 + 30 kJ /mol and effective enthalpy AHvli = 893 + 30 kJ /mol 

The latio of A_H\n to A_fica| was 2 44 In the piesence of saturation amount of 

hepaim, the tiansition tempeia tuie is shifted to 74 7 ± 0 5°C and the values of 

the enthalpies decieased to A # t a l - 282 ± 30 k J /mol and A i r v H = 590 ± 30 

kJ /mol respectively The AHva to AHÍA\ lat io was 2 0 The leveisibihty of heat 

denaturation of native metMb was only 10% clue to the aggiegation at this pH, the 

tiansition of the complex was 75% reveisible 

The obseiyed heat effect Tln and the shape of the melting curve detected by 

DSC did not depend on the heating i ate (0 5 2°C/mrn), wheieas heat denaturat ion 

momtoied in heme legion by Soiet absorbance change was slightly rate-dependent 

Thciefore, there was a chffeience in yaii't Hoff enthalpies obtained by the ealoii

metiic and the spectioscopic methods 
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D i s c u s s i o n 

In this papei we haye shown the e omplex foimation between metMb and polyairrorr 
hepaim not only in acidic but also m neutral pH region Even though the addition of 
hepaim to metMb solution at neutral pH left the spectrophotometry parameters 
piactically unchanged the formation of the N form complex was detected fiom 
its influence on thermal stability The pieserrce of the complex irr physiological 
conditions is of importance in the case1 of complex formation between metMb and 
its natuial ledox partner cvt b 5 Mauk and Mauk (1982) haye reported that rro 
difference spectrum was elicited upon mixing of these piotems We could show that 
eyen if heparrn brnding drd not affect the vrsrble spectrum at room tempeia tu ie it 
significantly decieased the t iansit ion temperatrrre of heat denatuiat ion of metMb 
at neutral pH 

It is generally known that m the pH range horn 5 5 to 9 (conditions near to the 
isoolee tire point) inyglobin has a strong tendency to aggiegate and piecipitate in 
the> piocess of heating Regaiding this fact yve observed low reveisibihty (only 10%) 
of the irrral denatuiat ion of native metMb as a consequence of aggregation Howeyor 
the complex foimation between metMb and heparrn was found to partially prevent 
aggiegation resulting m a sharp tiansition yyith 75% leveisibihty and a slight 
deciease of the van't Hoff enthalpy and c aloiimetiic enthalpy lat io fiom 2 4 to 2 at 
pH 7 The chain of hepaim is unfolded clue to the icpulsion of the negative charged 
giorrps Its interaction with metMb lesults irr a lowering of the ability of the piotem 
to form aggregates, probably due to the stene hmehance and repulsion of charged 
gioups on the hepaim (ham and metMb molecule Bagcľova et al (1994) have1 

studied hepaim binding to the basic piotem c ytoehiome e (isoelectiic point 10 3) 
In the piesence of satuiat ion amount of hepaim, a moie substantial deciease of 
transition tempeia tu ie of cytochrome e by about 20°C (fiom 84 1°C to 61 4°C) has 
been obseived at pH 7 \ 63% reversrbrlrty of heat denatuiat ion was achieved, arrd 
van t Hoff and ealoiimetiic enthalpy ratio was 1 22 As metMb is neutral whereas 
(ytoehiome ( is a basic piotem, the lower decrease of t iansit ion temperature of 
metMb by about 6°C (horn 80 4°C to 74 5°C) is piobably due to the lower content 
of ehaiged gioups at neutral pH However, the spatially displaced (haiged gioups 
on the suiface of the metMb molecule form the positively ehaiged regions Those 
(haiged areas enable1 eloctiostatic binding with negatively ehaiged gioups on the 
hepaim (ham 

Different foims of metMb-heparm complex aie obseived in acidic pH iegrorr 
I pon a íapiel pH change, the whole molecule gets rearranged as could be deduced 
fiom the eonrerderrce of pA constants (pA" = 6 5) obtained from the absorption 
spe<tia of home regron and the fluorescence spectia of t ivptophanyl lesidues lo-
c ated at a distant e fiom the heme1 plane This form of the complex is marked ty pe I 
\ decrease in pH induced additional rearrangement rrr heme regron and tiansit ion 
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from type I to II with p A' constant 5 7, which could only be seen from absoiption 
spectia Aftei the initial global change, the absorption spectia of the heme legion 
developed and the H type metMb-heparm complex was formed In tins fornr the 
heme is paitially exposed fiom the cavity and the axial protem hgand is not bound 
to the heme This corrformatronal change of the heme regron occurs slowly and is 
not seen m the Trp legion The high content of van dei Waals contacts of heme 
with the tightly packed nonpolai groups in the heme pocket is probably responsible 
foi the slow rearrangement of groups m the heme region (Takano 1977) A similai 
behaviour is obseived foi free metMb aftei pH titration Faster changes are notreed 
for Trp fluorescence tharr heme optrcal absorbance due to the gieater accessibility 
of Tip lesidues fiom the surface The transition between N form and H foim is 
ehaiae t en / ed by the appaient pA constant of 6 2 In contiast to the raprel oqm-
hbrated forms I and II which can be to converted to N type by ieveismg the pH 
value, no conversion of the H type complex to N is observed 

Livingston et al (1985) have shown that c vt b^-metMb complex is formed when 
piotem concentrations aie equal and the association appeals to be strongest at pH 
4-6 There is a physiological advantage of Mb-cyt br, binding at low pH because 
anaeiobiosis and lactate production results m the1 lowering of saicoplasmic pH fiom 
7 1 to 6 7 ( Ackeiman et al 1980) This pai t ia lh resembles our finding that evident 
e omplex is piesent withm tins pH rarrge Even thought the p A" constant of the 
transrtron for metMb-cvt br, complex has not been established, the pA" constants 
foi H and I metMb-heparm corrrplex (6 2 6 5 resp ) comcrde with the fact that 
the pH optimum foi en/ymatie reduction of metMb is 6 5 (Livingston et al 1985) 
Chot ta id et al (1992) have studied the1 binding of seveial heteiopolytungstates to 
metMb Diftoiont fiom our measurements they studied only equilrbrated complexes 
and did not analyse piocesscs oeeuimg before the equrlrbrrurrr The value of the 
pA constant of nieveisible t iansition foi slow equilrbrated H type of the corrrplex 
obtained m the1 present work partially coincides with the pA constant obtained 
by the above authois for metMb-SbW complex (6 5) and differs fiom p A' = 7 4 
foi metMb-AsW complex which has stiongei influence on metMb st iuctuie than 
hepaim, probably due1 to the rigid aiiangerneiit and a higher content of ehaiged 
gioups in the mteiaction space 

It rs apparent that negatively ehaiged partners bind more readrly in ac idle than 
m neutral pH regron In its native conformation at pH 7 the polypeptide chain 
of VIb ( inls into a spherical shape This compact tertiaiy structure is stabilised 
through cice trostatic ally interacting intramolecular ion pans , hydiogen bonds and 
hveliophobre interactions (Bagelova et al 1994) \ deciease of pH íesults in the 
neutiahsatrorr of negative chaiges on the1 e aiboxy he gioups and the unveiling of the 
counteracting posrtive chaiges on the ammo gioups which disrupts the ion pans 
and < arises the protein to unfold (Ghehs and Yon 1992) The relaxed Mb chain aftei 
de naf uiat ion exposes othei buired chargeable srtes, such as the interrral Hrs resrdues 
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foi protonation Hence the stiong negative ehaige of the heparin chain favours the 
uptake of H + ions and the unfolding of Mb at higher pH values than native1 p iotem 
as could be deduced fiom the me rease of the p A constant of transition from 4 1 + 0 1 
foi native metMb to highei values foi all thiee types of the complexes obseived 

The properties of the formed complexes also depend on the ionic s t iength as 
is expected foi electiostatic binding The1 electrostatic na tu ie of the mteiact ion 
between met Mb and heparin coincide with the fact that the formation of metMb-
cvt br, complex is assumed to be leahsed bv interactions between three positively 
ehaiged Lvs of metMb with negatively (haiged (arboxylate gioups 

\ s follows fiom previous lesults the polvamon hepaim appeals to be a suit
able model foi the study of the pioportios of me^Mb m complexes with systems 
which contain loi ally dis tubuted negatively ehaiged gioups such as cvt br, mem
branes chaperons, glycosrdre protems, not only m limited pH range as m the case 
of polytungstates but m a wide range of pH conditions 
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