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Dear Sir,

Characterization of Cyanogen Bromide Fragments of Reduced
Human Serum Albumin by Matrix-assisted Laser
Desorption/Ionization Mass Spectrometry

Human serum albumin (HSA) is the most abundant protein in
the circulatory system. HSA consists of a single, non-
glycosylated, polypeptide chain of 585 amino acid residues,
and has many physiological functions. However, the peculiar
property of this protein is its unique ability to bind many
endogenous and exogenous ligands, which range from inorga-
nic cationic species to a large variety of organic molecules.1

Methods for the structural characterization of HSA appear
of interest in view of possible applications, including the struc-
tural characterization of genetic variants, the characterization
of chemical modiÐcations following exposure to xenobiotics,
the determination of the nature and topology of binding sites
for ligands and the standardization of analytical procedures
for the validation of HSA preparations obtained from genetic
engineering techniques. For these reasons, di†erent
approaches for HSA mapping have been reported, based upon
combination of chemical and enzymatic methods of protein
degradation with chromatographic separation procedures and
identiÐcation of the fragments.2h6

In recent years, the development of “softÏ desorption/
ionization methods of mass spectrometry, such as fast atom
bombardment (FAB) and more recently electrospray (ES) and
matrix-assisted laser desorption/ionization (MALDI), have
provided powerful tools for protein characterization.7h11 Pre-
vious work in our laboratory has been concerned with the
structural characterization of HSA by integration of chemical
and enzymatic degradation methods with chromatographic
separation and FAB/MS analysis.12,13 MALDI/MS appeared
of interest for the structural characterization of HSA because
of its high sensitivity and the possibility of analysing high
molecular mass fragments. The “micro-heterogeneityÏ of HSA,1
however, precludes a direct analysis by MALDI/MS of the
intact protein. The structural characterization of HSA by
combination of CNBr cleavage of the unreduced protein,
chromatographic separation of the fragments and MALDI/
MS analysis has been reported previously.14 In the present
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study we have characterized HSA by a combination of CNBr
cleavage of the reduced and carboxymethylated protein, high-
performance liquid chromatographic (HPLC) separation of
the fragments produced and MALDI/MS analysis.

HSA (Cohn Fraction V) was purchased from Sigma (St
Louis, MO, USA). The procedure employed for obtaining the
HSA fragments subjected to MALDI/MS analysis is sum-
marized in Scheme 1. The protein (2 mg) was Ðrst reduced
with dithiothreitol and the resulting thiol groups were blocked
with iodoacetic acid. Reduced and carboxymethylated HSA
was dissolved in 70% (v/v) formic acid at a concentration of
10 mg ml~1. CNBr (100-fold molar excess over protein
concentration) was added and the mixture allowed to react for
24 h at 4 ¡C in the dark under a nitrogen atmosphere. The
solution was then diluted 20-fold with water and lyophilized.
The latter procedure was repeated twice.

Because of the presence of six methionine residues in the
sequence, the cleavage with CNBr produces seven fragments.
The partial sequences and calculated average molecular
masses for the homoserine and homoserine lactone forms of
proteolytic fragments IÈVII are summarized in Table 1. Direct
MALDI analysis of the mixture arising from the CNBr cleav-
age resulted in a spectrum which showed only the signals for
the fragments II and IV, and not for the other fragments. The
seven fragments produced were then fractionated by HPLC
using an RP-Vydac column (25 ] 1.0 cm i.d.) equilibratedC18with 80% of solvent A (0.05% triÑuoroacetic acid (TFA)) and
20% of solvent B (acetonitrileÈpropan-2-ol (2 :1) containing
0.08% TFA). The column was eluted at room temperature
with a linear gradient of solvent B in A from 20% to 60% in
35 min ; the Ñow-rate was 3 ml min~1. Peaks were detected by
measuring their UV absorption at 224 nm. The resulting chro-
matogram is shown in Fig. 1. Complete isolation of Ðve frag-
ments (II, III, IV, VI and VII) was obtained, whereas
fragments I and V co-eluted in a single peak. Since the sub-
sequent MALDI/MS analysis did not require the complete
separation of the fragments, no further optimization of the
chromatographic separation was necessary.

MALDI mass spectra were obtained with a Bruker BiÑex
time-of-Ñight spectrometer (Bruker-Franzen, Bremen,
Germany) equipped with a UV nitrogen laser (337 nm), a
dual-channel plate detector and x-mass data system for spec-
tral acquisition and instrument control. The instrument was
operated in the linear mode. Sample preparation was carried
out using the thin-layer method.15 Spectra were obtained at
an acceleration voltage of 20 kV using the minimum laser
power necessary to obtain the molecular ion signal (D5 ] 106
W cm~2) and a 10 Hz pulse frequency (3 ns). Spectra were

Table 1. Partial sequences, calculated average and determined by MALDIM
r

M
rof the CNBr fragments of reduced and carboxymethylated HSA

Calculated average M
r
(Da)

Homoserine Homoserine lactone

M
r

determined by

Fragment Partial sequence MALDI (Da)

I 1–87 10041.2 10 023.1 10 022

II 88–123 4354.8 4336.8 4334

III 124–298 20 699.3 20 681.3 20 704

IV 299–329 3372.8 3354.7 3357

V 330–446 13 905.9 13 887.9 13 902

VI 447–548 11 959.6 11 941.6 11 941

VII 549–585 4097.6 4097
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Scheme 1

calibrated internally or externally using insulin, trypsinogen,
lysozyme and cytochrome c as standards.

All fragments with their and partial sequences identiÐedMrare summarized in Table 1. The MALDI mass spectrum of the
HPLC fraction IÈV is reported in Fig. 2. A sharp molecular

ion signal corresponding to the calculated was obtainedMrfor the C-terminal fragment VII, which does not contain a
homoserine residue. The molecular ion signals for all other
fractions were broad and composed by overlapping of the
molecular ion signals of the homoserine and homoserine

Figure 1. HPLC separation of CNBr fragments of reduced and carboxymethylated HSA.
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Figure 2. MALDI mass spectrum of fragments I–V.

lactone forms of each fragment, which co-elute in a single
HPLC peak. The observed masses of the signals corresponded
closely to the homoserine lactone forms of the fragments,
probably because this is the most abundant species in the mix-
tures. The determined are in all cases almost coincidentMrwith the calculated values (Table 1), thus allowing an exact
characterization of the entire HSA sequence.

Moreover, these results show that the MALDI/MS determi-
nation of the of the seven CNBr fragments was notMra†ected by the intrinsic heterogeneity of the HSA molecule. In
fact, two major sources of the HSA heterogeneity are (i)
uptake of ligands (such as fatty acids and bilirubin) with the
formation of non-covalent complexes and (ii) covalent modiÐ-
cation of the HSA structure by formation of mixed disulphide
bonds between the free thiol group of cysteine-34 and other
thiol-containing molecules (free cysteine, glutathione).1 In the
procedure described here, reduction and carboxymethylation
of the protein eliminate heterogeneity due to the formation of
mixed disulphides and the formation of non-covalent com-
plexes, because the complex-forming capability of HSA is
almost completely lost upon destruction of the tertiary struc-
ture. Therefore, the present procedure appears suitable for the
fast detection of covalent modiÐcations of HSA originated by
site-speciÐc reactions or by exposure to xenobiotics, and also
for detecting genetic variants, provided that the mass shift
introduced by the structural abnormality is greater than the
accuracy of mass determination by MALDI/MS.10,11

The procedure described here presents several advantages
in comparison with the MALDI/MS analysis of the CNBr
fragments of unreduced HSA reported previously.14 In fact,
the HPLC isolation of the CNBr fragments is much faster,
produces purer samples and requires a much smaller amount
of protein with respect to the combination of gel permeation
and ion-exchange chromatography employed for the isolation
of the CNBr fragments of unreduced HSA. In addition, using
the procedure described here, fragments are produced without
the occurrence of side reactions, such as that observed
between the homoserine lactone end-groups and Tris in the
CNBr cleavage of unreduced HSA.
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