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L. Introduction
~ In earlier experiments it was shown that.in the -

ration value of the oxygen. bmdmg curve of hemo-
globm is’ slufted to higher partial pressures but also

the high spin form in the high—low-spin equilibrium
of methemoglobin (Met-Hb) is increased [1, 2. As
revealed by electron spin resonance measutements,
“allosteric. effectors are able to change the ligand field
of the iron by means of a conformational change of
the protein structure in which a weakening of the .
bonding between iron and proximal histidine is involv-
ed [2, 3]. The conformational changas induced by the
allosteric effectors have only little influence upon the
absorption bands at 545 nm and 575 nm that are char-
acteristic of the low spin form [3]. By means of the
magneto-optical rotation (MOR} method, however, we

_ _can slmw that the Q—bands at 545 nm and 5758 am con-

stroma- removed by centnfugat:on. In order to remove
phosphates, about 200 ml of the hemolysate was con-

_ o ccntratedhtoAO mlby: ult.acentnfugatlon (Diaflo mem-
‘presenoe of allcsteric effectors not only the half-satu- ' b "

47, diluted to 400

“mlby: nddmg a solution of 130 mM KCl and 20 mM -
NaCl pH 7.2, and subsequently re-concentrated by ul-
 trafiltration under O This. procedure wasTepeated

six times. ‘The concentration of total phosphate in the
supematant on precipitation with trichlnroacetlc acid
using the ascorbic acid method [6] was determined to
be <0.02 M of phosphate per mole of hemnglnbin
The solutions containing about 3 mM of Met Hb were
stored in liquid N; untiluse,

The concentratmn of Met—Hb was determmed as
Met-Hb cvanide using €gannm = 44.0 ci™ mM™t,

The calcium salt of inositol hexaphosphate (1HP)
(Koch Light Laboratories Ltd., Colnbrook) and the
cyclohexylammonium salt of 2 3-dtpho3pho D-glycerol

ac:d (2 3-DI’G) (Calbiochem) were t:ansferred mto




" Volume '32, mn:mben 1

MOR measitements were perfmnned with Ihe sp»e::-
iral polarimeier, Spemmpol 1-B mode) 60000 B{FICA), -
imﬂa 2 magnet of 0,63 Tesla. The layer thickness was
3 mm: for all experiments, In the speciral region from
&00 nm 10 450 nm the Hb solutions were meamred al
a goneeniration of 1 X 107 M per heme; in the speciral
region from 450 nm to 350 nm, at 2 concentration of
5% 107° M per heme. All MOR data are given in units
of the molar rolation » according to the following equ-
atipin:

™ o

M =
ey B-c°H

where @ is the angle of rotation, 1 = layer thickness in
dm, ¢ = concentration in M, and H = the magnetic
field in gnass. i :

3. Resulis

The MOR spectrum of Met-Hb, in the specirai te-
gion from 350 nm to 600 nm, is characterized by the
three Q-bands al 494 rum, 540 nm and 575 nm as well
by the B-band at 420 nm {7]. Fig. 1 shows the influen-
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ce cd THP on the MDR—specﬁmm of MetFb. With in-
_creasing concentration of IHP the magnitude of afl

_M@R bands decreases; this being mosi pronounced

at the band 21 375 nm. The seme effect, though to a.

. lower extent, is performed by ATP and 2,3-DPG

{iakle 1).
© " In order to delermine the larges& difierence in the

- magnitude of the MOR-bands at 545 nm and 575 nim

between the high and low spin form, the pure high

 spin and low spin form of Met-Hb was measured {fig. 2).

This was performed by measuring Met-Hb 2t different

- pH {pH =< 6.5, high spir form; pH = 9.0, low spin form)

thus avoiding complivating sifects of ligands because
these produce specific MOR-spectra 8], From fig. 2

it may be seen the largest difference in the magnitude
of MOR-specira ocours ai the band at 575 nm, corre-
sponding io the changes observed in depsndence on
dlfosteric effectors. Plotiing the MOR-magnitude versus
pH, the half-iransition-peint has been evaluated, corre-
sponding saiisfactorily with the value determined by
spectral photometric iitrations.

]} -10°

,Fig, 1 MO:R speem of Meﬁ-Hb in ﬂepmc ence ma mmeam:g IHP mn@ammimns. [~—3 cmnﬁm& {—~ —Ir 025 M Ii} P/M Hb:
B —m-) 0.5 M IHP/M Hb:foa s ) 1.DOM IHP/M Hb; {—) 2.0 M IHP/M Hb; Met-Hb stripped; pH 7.0; mo concentration 1 X 10 2

M per heme; inihe Soret region 3 X 10 5 M jper heme. {The iow»spm—banﬂs of the absorpiion spectrom of Met-H in pres:nce of
-j 2M IH'P ﬂegmasa at i um.:aasmw hagh-spm—hanﬁs.. The ﬂxﬁmzm:es ore less *han those of. m MDR-speﬂm [(3}.)
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Tlg, 2 MOR and =bsmp‘zmn specm of Mscl—Hb in; ﬂepenﬂence \on°p}3i Ia Sew ¢) pH 5 5 g ,-) pH uE,B (- - .-) pﬂ «b :S
| pTi 9 5, ;pH_a Justmf:nt by 150 mMTm bufﬁﬂe;r, Hb :

. 2 pH 7.4 ff—-——')[pHED,f(ﬂ'*‘}*DPHB.S {: .pHg‘Qg("
;mncemmtmn 1x 10‘3 M pes heme, in- ﬂxe Sorel regmn 5 %105 S'M. per 'heme,
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, T:ab]a 1 :
s ‘ﬁaagnem—npmcai acmuw of the 3 Q—bamis of mmhm{ﬁﬁn’bm in the pmsenos of allosseric efectors,

taiihs am % 107 {61830 nm % 107 o % 267
Met-ib, pH 7, stripped - S :
©=3 X 30> M per heme ~10.72 © 13,50 —11.11
+2 M 2,3-DPG o M Hb ~10.70 . -13,08 ~ 98.52
+2MATPper M Hb - D52 - —12.70 - 7.093
©+ 201 XMP per M Hb — 820 —-10.59 - - 188

4. Discussion

Met-Hb is knuwn 1o exist in iwo electronic confip-
urations in the basic state |9]; the configuration with
5 unpaired elecirons represents the high spin form,
and that with 1 unpaired elzctron, the low spin form.
In the visible absorpiion specirum the low spin form
is characierized by 2 bands al 540 nm zné 375 nm
110}, These 2 Q-bands correspond 1o the degensrated
17ansHIONS Ay, Ay > £, I the case of the low spin
form the symmetry of this 6-fold coordinated com-
plex is D,y . I the symmetry is lower {high spin fonnj,
the gegenerated transitions are lower or remcved. At
conversion from the high spin to the low spin form
the iron approaches the hems dise {11}, which causes
increase not only in the iron—porphyrin interaction,
but also in the symmetry. In the.di-cation of porphyrin
there exists symmetry because of the degensration of
transition corresponding 1o the Q-bands,

 Therefore in the MOR spestra of porphyrin bends
with A-ierm characier are observed 8], A-term orly
occur when the excited transition corresponding 1o
the optical transition is degenerated, Hence, the bands
2t 540 nm and 575 nm of the low spin form of Met-
Hb that are t¥pical forms of A-term indicaie that the
symmetry of this complex is similar to the di-cation
of porphyrin, Possibly the observed reduction of MOR.
magnitude of the A-term at the conversion fzom the
low spin 1o the high spin form 3 £ cansed partially by
'»‘hamges of the r;harge-—tmmfer ‘tmnm‘tmm which are
present berween jron and porphyrin system [12].
_ urnnirm'y 1o hemx::pmiems with reduced iron, ﬂlE -
“Fe**.in Me1-Hb 35 able to bind antons, Therefore it
had iL{) be excluded that the observed effects at Mm-

Hb being cansed by bmﬁmg of allosteric anions to ihe : N

 iron. The sesulis obteined justify the: asmxmpmm that -

?.he al]ostenr* anmns are bmmr} to ﬁw prmem mmety _ ; .

of Met-Hb. The MOR-effects can be explained by con-
formational changes triggered by this binding. :

Becanse of apparative limitazion in ony studies we
were not shle to analyze the high-spin-band at 630 nm.
This band is suggested 1o decrease at increasing low-
spin-character of the investigated Met-Ho-compounds,
This assumption has been shown to ke comect by li-
gand-binding at the iron of myoplobin by Atanasow
et al, [13].

The allosteric effeciors decrease the magni tude of
the bands with A-term charzecier. That does not mean
only a decrease in symmetry of the ron—porphyiin
complex bui also a decrease of the bonding streng hs
in this system, By means of other methods it conld
be observed according to these resulis hat the strength
of the ligend field of iron is decreased and the electronic
siructore of the ligand is changed in the presence of
allosteric effectors |2, 14]. Transfersing our resufts to

exy-Hb it may be supeested that allosteric effectors

enforce a state of lower symmetry in the ron—por-
phyrin—ligand comyplex and therefore the conseguence
is a facilitated release of oxygen, Further investigations
to prove this effect in oxy-Hb are in preparation.
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