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We have measured the intrinsic €O dissociabvion rates from the subunits of the
human hemoglebin tetramers {all BVL)? and {aNQO BCO}, using microperoxidase

and a stopped-flow spectrophotometer. The disscciation of NO is negljgible.
he ragf constants for the  and the uubunlg are,similar (0.014 s Tt ove,
0.011 s °, respectively, at pH 7, 20 O 1 for both in  the
presence of inositol hexaphosphate), indi: that they are equ1valen in
the first step of the CO *isgaﬁlqthi. Therefore, the chain uneguality ob-
served in the <¢hird and fourth steps {(Samaia, M., Rovida, E., Niggeler, M.,
ce :
i
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Perrella, M., and Rossi- Eernardi, L. J. Bicl. Chem. 262,
4323-4333) are not due tc the intrinsic propsrbies of the subunits, but te the
conformational state of the moleoule., o 1987 Academic Press, Inc.

Human hemcglobin may exis% in ten different forms during the reaction with
igands, becauze of its assembly with itwo O and two B subunits, and the pres-
ence of a symmetry plan between the dimsrs. We have recently reported that
the twe subunits dissceiate C0 av different rates in the intermediates with 1

and Z ligands [1], bu® since this {eabure was cbserved in the correspondence

of & copformaticnel switch of 4he molecule, it was difficult bto assigan this

h

heterogeneit

i
Vi

ferent intrinsic properties of the chains or to the dif-

ferent conforms ztates of the intermedistes. Frevicus work concerning

the ligand di from the isolated chains [2], oxyhemoglebin [33, and
was unable to distinguish the imtrinsic functional pro-

perties of the subunits within the tetramer.

The abbreviations uysed are: Hb, decxy {unliganded) hemoglobim; HB{CO
carbosyhemoglobin; He{NOj},, nitrosyl hemoglobing IEF, '=oe49C%rlc
focusing; IHP, inositol hexaphesphate; MP, microperoxidase. The notation
(L1/LZ), where LI and LZ represent twe different ligands, means that the cha-
ins of one genotype are bound tg the ligand L1, and those of the other geno-
type are bound to the ligand LZ.
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The aim of this work is to determine the kinetic properties of +the subunits
in the fully liganded tetramer. We have obtained the hemoglobin species with
the chains of one genctype (o or B ) bound to £0, znd those of the cther geno-
type bound %o NO. These species are then reacted with croperoxidase (MP)
under pseudemorcomolecular conditions with the rate limiting step represented

by +the dissociation of the ligand [1l. Eince the dissceiaticn of NG is 1000

rea

times slower than thabt of CO, the obsexved initial rates represent the disso-
ciation of CO from one of the subunits of the fully liganded tetramer. ¥We
will show that the chains of human hemcglobin are virtually similar in  the

first step of the dissociation of 0, both in the presemce and in the absence

of incsitcl hexaphosphate {(IHP), and ws will discuss the implications of  this
observation.
Materials and Methods

Reagents. We have used a 20 m¥ potassium phosphate / SO mM KC1 / 1 oM EDTA
buffer (g 7 at % “), equilibrated wit% "3=EJUS CC or N0 by cstirring in
cicsed vessels for 20 min at 20 C. The gas s ility £1.0 and 1.8 oM, res-
pectively) was measured from the =tclch14met1“ uf the binding to kaown amounts
of deoxygenated hemcglobin, Scdium dithionits (Carlo Erba, Italy) and micro-
peroxidase (Sigma Co., MC) were cbbtained as previously explained [13].
Hemcglsobin. The valence intermediates {+/0Z) were obtaiged from
nalf-oxidized hemoglobin at equilibrium with T, and potassium exacyancfer-
rata(III}{Z min incubation at O C), by chromatogFaphy w;t% CMSZ [83. The pyo-—
tein co "entratian was measured by the Drabkin’s method, and is expressed on a
moiar heme basis. The extinction ccefficients used at 580 nm for MFCD, MENG,
MF are 1.26, Z.%%, 0.88, 2.8, &.7% and £.31

P, Hb(FOSQ HE(ND) and Hb,
mM ~ cm °, fes pEHt1VE%

The {(CO/NQY speciec were chbtained carrying cut the follicwing operations at
0 . Load half miliiliter of i mM valence intermediate {+/0Z) in a tonometer,
and add 0.8 oM KCN to mask the cxidized hemes as  CN¥-met  hemes, Flush with
NZ at 300 mi/min for 30 min and check the complete removal of O, by a po-
larographic method [33., Add 0.8 ml of NG—buffer and remove igess NGO by
further S min ‘tonometry. Furge & 1 ml gas-% itcn-Bonaduz,

Switzerland: with CO-buffer containing 7 mg/ml
of buffer im +the syringe. Withdraw anserch
solubion by the same syringe, and gently mix %h
tion while warming 4o room temperature. By
that is eguimoclar to %he CH-met hemes, binds Lo the
are formed in the reaction of oyidized hemes with di
Data collection and analysis. The hemogiobin solut

& hemoglobin
in by rota-
v, in the buffer,
apzygenated hemes that
ioni

ion was immediately react-
ed at Z0C with 0.6 mM MF and 140 wmg/ml dithiconite in 2 Durrum-Gibson
stopped-flow apparatus (Dionex, Palc Altc, CA), equipped with & 2Z-cm  path
length cuvette, and with a reagents mining rati of 1:3.8, The x*netlcs Was
followed a% 5390 nm, the data were collected by a Nicolet 3091 4i
scope ({(Nicolet Instruments Corp., Madison, HMd), and transmitd
computer {Digital uqumeent Cotp., Maynard, Ma). A standard fi
atment of the data was used Yo calculate the values of the rate
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Results
The puri%y of the valence intermediates (+/0Z) procduced by icn-exchange chro-

matography is vroutinely better +than 93%, as checiked by IEF at -2

[}

Coiz.
Because of the impossikility to perform any such control on vhe final (CO/NC)
product  {all the four-liganded species have the same pl and thus they are not
resolved in an electric field), we have tected separately the varicus steps of
the protocosl to obtain the (CO/NO) species using appropriate sclubtions of pure
hemoglobin., These tests (mot shown) yielded a virtually complete recovery of
the final product. The abscrbance change for the dissociation of C0 from two
hemes of hemoglebin and ite binding to MP with nc resrrangement of NO is mani-
mal at 330 nm (0.240 units), as calculabed from the spectra of the pure compo-
nents. The observed zbscrbance change at the apparent end of the veaction

s 0,225 units,

1%
e
[}
[
ot
™Y
(==}
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ot
e

lightly smaller bthan predicted. The

diceocisticn of NO from

TIONU

ould produce an ad-

ditvional change of 0.070 units,

the and the chains, respectively. In the presence of IHP, both values in-

P

creazed Yo 0.016 = °. The timetices of the CO discsociation from Ht;(C-C?..\4
and from the species {@CO 8)2 and (© BCO), [1} are zdded in the figure for

=z
i

comparison.

Disguessicn
The main finding of this work is the subunit equivalence in the first step of
the (0 disscciation frem Hb(CO)§. This ig in contrast with previocus fin&—
ings on the isolated chains that the U0 dissocietion from the o chains is
twice faster thap +that frem the B chains [2Z1. The loss of the
pseudo-monomolecular character of cur kinetics after 40 s, likely due to 1li-
gand and dimer rearrangements, made it difficult Yo perform any imvestigation

on the second step of the CO disscciation.
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Figure 1., First order plot (Y=fractional CO saturation) of +the CO dissociation from
(o0 BCO)2 ( @) and (al0 BNO)z (M), in the absence (upper panel) and in
the presenice (lower panel) of IHP, The kinetics are obtained at [hemel=0.1 mM
(after mixing), pH 7, 20 C. The lines represent the CO dissociation (from
left to right) from {0CO B),, (@ BCO),, and Hb(CO)q, as in ref.l, under
the same conditions. The vdlues of the rate constants are 0.10, 0.049, 0.011,
and 0.15, 0.10, 0.017 s *, for {(aCC B),, (a BCO)Z, and Hb(CO)q, in the
absence and in the presence of IHP, reSpectively.

The possibility that the precence of two NO-hemes affects the reschbivity of
the CO~hemes in the same molecule is ruled out by the ohservabion that the ki-
netice of the CO dicsociation in the presence of IHF is virtually similar %o
that measured in its absence. Ia facts, IHP induces a conformational charnge
in Hb(NO)4 {63, but not in Hb(CO)Q 121, therefore the lack of effect of
IHP on the CO disscciation rates implies %that no NO-mediasted changes are pre-

sent.
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ers of magnitude slower than the disscciabtion of CO from Hb(CD)q
{k=0.011 s *) under similar, although not identical conditions; b) the ob-
sexved absorbance change at the end of the reaction is coasistent with the

dissociation of CO only from the (CO/NO) species.

Finally, the free dimers that are present at the start of the reaction do not
interfere with the measured vrate constants, even if their amount is 7% of
total protein, as calculated from the reported tetramer to dimer dissociation
constant (k=1x10—6 M, ([10]}), and the heme concentration. Free dimers can
affect the kinetics of CO dissociation in two ways: a) they may dissociate CO
slower Ythan the tetramers because of the lack of cooperativity, but the rate
constants were measured in the initial portion, where the CO dizsociation from
the tetramer is rate-limiting; b) they may rearrange tefore the reaction
altering the starting distribution of the hemoglobin species, but this is pos-
sible only for hemoglobin solutions containing relevant amounts of asymmetri-
cal species, that seems unlikely from the control experiments that yielded an
almost complete recovery of symmetrical species. No rearrangement of the 1li-
gands is possible when obtaining the (CO/NO) species because all the hemoglo-
bin species that are produced have no free sites for ligand binding. Ligand

rearrangement during the reaction is prevented by the presence of excess MP.

We can thus conclude that the first step of the dissociation of CO from
Hb(CO)4 is izndependent of the subunit, in comtrast to the third and fourth
steps, where the O chains dissociate CO twice faster than the B chains [1].
This finding indicates that the functional differences between the O and the
B chains in the intermediates with 1 and 2 ligands are due to different qua-

ternary conformations of such intermediates rather than to different reactivi-

ties of the subunits.
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