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Synthetic Dioxygen-carrying Hemoprotein. Human Serum Albumin Including Iron(II)
Complex of Protoporphyrin IX with an Axially Coordinated Histidylglycyl-propionate
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Human serum albumin incorporating the iron(Il) complex
of protoporphyrin IX having an axially coordinated histidylgly-
cyl-propionate formed a dioxygen-adduct complex in aqueous
media (pH 7.3). The O,-binding affinity (P;/,) was 0.1 Torr at
25°C.

Apomyoglobin spontaneously incorporates an iron(IIl)
complex of protoporphyrin IX (hemin) and enable the prosthetic
group to bind a dioxygen molecule (O,)."> Human serum albu-
min (HSA), the most abundant plasma protein in our blood
stream, also captures a hemin dissociated from methemoglobin
and accommodates it in the subdomain IB.3>* However, this
HSA-hemin hybrid cannot form the O,-adduct complex, even
if one reduces the central ferric ion of the hemin to the ferrous
state. We have shown that HSA including highly encumbered
tetraphenylporphinato-iron(I) (Fe>*TPP) derivatives can only
bind and release O, under physiological conditions similar to
hemoglobin (Hb) and myoglobin (Mb).> The prerequisites of
these stable dioxygenations were believed to provide the
Fe?+TPP structure with (i) steric hindrance around the O,-bind-
ing site to prevent proton access, and (ii) a covalently bound
proximal imidazole. More recently, we have found that the
iron(IT) complex of protoporphyrin IX having an axially coordi-
nated histidylglycyl-propionate is also included into the HSA
interior and forms an O;-adduct in aqueous media at 25 °C. This
communication reports for the first time the HSA hybrids incor-
porating natural protoheme IX derivatives as novel synthetic
O,-carrying hemoproteins.
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The free-base porphyrin of the pioneering Mb model, che-
lated heme 1a,° was synthesized by our one-pot reaction proce-
dure using benzotriazol-1-yloxytris(dimethylamino)phospho-
nium hexafluorophosphate (BOP) at room temperature in

pyridine. After the reaction, the mixture, when poured into ex-
cess water, led to precipitation of the crude product; the pyri-
dine, water soluble BOP, and formed hexamethylphosphor-
amide were easily filtered off. Compound 2a with an ethyl
propionate, and compound 3a having a histidylglycyl-propio-
nate were also prepared in the same manner (Yield: 30%).”
The iron insertion was performed using FeCl, in DMF to give
the corresponding hemin derivatives. The analytical data of all
compounds were satisfactorily obtained.?

The UV-vis absorption spectrum of the ferrous complex 3¢
(Amax: 423, 533, 555 nm) in DMF showed the formation of the
typical five-N-coordinated high-spin iron(Il) complex as well as
1c and 2¢. Upon the bubbling of O, gas through this solution,
the UV—vis absorption immediately changed to that of the O,-
adduct complex (Apax: 408, 540, 575 nm). The dioxygenated 3¢
transferred to the stable carbonyl species (Amax: 419, 537,
568 nm) after the exposure of carbon monoxide (CO). The
O,-binding affinity (P;/,) of 3¢ was determined to be 0.2 Torr
in DMF solution, which is slightly lower (high affinity) than
those of 1¢ and 2¢ (Py/>: 0.3 Torr) (Table 1).° The O,-binding
affinity normally elevates in proportion to an increase in the ba-
sicity of the trans-coordinated imidazole,’ but histidine in 3¢
showed a smaller pK, (6.0) in comparison to the value of 1-
(acetoamidopropyl)imidazole (pK, = 6.6) for 2¢. The high
0,-binding affinity of 3c is presumably due to a favorable geo-
metry of the imidazole bonding to the central iron, which was
supported by the preliminary results on our molecular simula-
tions of the dioxygenated 3¢ complex.'®

The hybridization of HSA and the protoheme IX deriva-
tives (molar ratio: 1/1) were carried out as follows. The ethanol
solution of the carbonylated heme (1.6 mM, 50 uL) was slowly
injected into the phosphate buffered solution (pH 7.3, 1 mM) of
the recombinant HSA (rHSA)'! (20 uM, 4 mL) under an argon
atmosphere. The obtained aqueous solutions were stable for a
few months without precipitation. The UV—vis absorption spec-
tra of the rHSA-heme hybrids showed formation of the CO-ad-

Table 1. O,-binding parameters of rHSA-protoheme IX deri-
vatives at 25°C

pKa P1/2 (Torr) Ti2 (mln)
. rHSA hybrid rHSA hybrid
in DMF in water in water
1c 6.6% 0.3 0.1 20
0.3b 1.0¢ —
2¢ 6.6% 0.3 0.1 50
3c 6.04 0.2 0.1 90

4pKa value of 1-(acetoamidoprpoyl)imidazole in water (Ref.
6b), "Ref. 6d, ©2% Aqueous myristyltrimethylammonium-
bromide suspension (Ref. 6¢). YpKa value of histidine in
water.
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Figure 1. UV-vis absorption spectral changes of rHSA-3¢ in
phosphate buffered solution (pH 7.3, 25°C); under Ar: ----,
under O,: —, under CO: ------ .

duct complexes (Figure 1). The binding number of protoheme
IX derivative in one albumin molecule was confirmed to be
one by assay of the each concentration and the relatively high
binding constants of the hemes for rHSA (K;: ca. 4 x
10° M~"). The isoelectric points (pI = 4.8) and circular dichlo-
ism spectra of rHSA-hemes were identical to those observed for
rHSA itself, which indicated that the surface net charges and
second-order structure of rHSA host did not change after incor-
poration of the heme guest. Light irradiation of the carbonyl
complex of rHSA-3c led to CO dissociation and a changing
of spectrum, in which two peaks appeared in the Q band region;
the resulting spectral shape resembles that of the six-coordi-
nated low-spin mesoheme derivatives.®® This result implies that
the sixth coordination site of 3¢ is occupied by some amino acid
residue of albumin. The spectral feature of rHSA—1c and rHSA—
2c also showed the same trend.

Upon exposure of the rHSA—3c solution to O,, the UV—-vis
absorption spectrum rapidly changed to that of the O,-adduct
complex (Figure 1). From the recent result on our crystal struc-
tural analysis of rHSA-hemin hybrid,* we infer that the proto-
heme derivatives 1e¢, 2¢, and 3¢ are also accommodated into
the hydrophobic site of the subdomain IB, and it may contribute
to their O,-adduct complex formation. The O,-binding affinity
(P1/2) of THSA-2¢ and rHSA-3¢ were determined to be both
0.1 Torr. Accompanying the autooxidation of the central
iron(Il), the absorption band (Amax: 540, 571 nm) slowly de-
creased, leading to the formation of the inactive protohemin.
The half life-times (T;/;) of the O,-adduct species for rHSA-
2¢ and rHSA-3c were 50min and 90min, respectively
(Table 1). We concluded that the axially bound histydylgly-
cyl-propionate to protoheme IX provided a more stable O,-ad-
duct compared to the imidazolyl one, and the ethyl propionate
on the other side also contributed the increased stability for the
dioxygenated complex relative to the methyl-propionate (T, of
rHSA-1c¢: 20 min).

In conclusion, rHSA successfully incorporated protoheme
IX derivatives with an intramolecularly coordinated proximal
base, giving rHSA-heme hybrids, which form O, adducts at
25 °C. These are the first examples of the synthetic O,-carrying
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hemoproteins containing the natural protoheme IX derivative as
a prosthetic group, which may also act as a very new class of
artificial hemoprotein enzymes as well.
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