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Human serum albumin consists of a single polypeptide chain of 585 residues,
containing 17 intra-chain disulphide bonds, a unique free cysteine and six methionine
residues'—3, Isolation of cyanogen bromide (CNBr) fragments from normal albu-
min?4-7 as well as from some of its genetic variants®—19 has so far been accomplished
by polyacrylamide gel electrophoresis or by conventional chromatographic tech-
niques.

The first procedure®!!, which has also been used on a preparative scale!®,
appears to be complicated by difficulties in isolating all the fragments in a pure form
and in a suitable amount for structural studies. The second method consists of a
multi-step procedure: CNBr cleavage, carried out on unreduced albumin, gives three
large fragments (named B, C and A, according to McMenamy et al.4, from the N-
terminal end of the molecule), which have been separated by gel filtration. Fragment
C consists of a single polypeptide chain while fragments B and A are made up, of
two and four chains, respectively, held together by S-S bonds. The peptides contained
in A and B can be obtained in a purified form only after reduction, carboxamido-
methylation and ion-exchange chromatography. The separation of all the CNBr frag-
ments from the reduced carboxymethylated albumin has been achieved, in this pres-
ent study, by a simple reversed-phase high-performance liquid chromatographic
(HPLC) method; the reported procedure has been employed to characterize a genetic
variant of this protein, the fast-migrating Mi/Fg albumin!2,

Our results illustrate the well known advantages of HPLC for the separation
of large fragments!3~2° and its specific suitability for the detection of amino acid
replacements within the primary structure of the proteins?!~27.

EXPERIMENTAL

Materials

Trifluoroacetic acid (TFA) (sequanol grade) was obtained from LKB (Brom-
ma, Sweden), acetonitrile (HPLC grade) was supplied by Merck (Darmstadt, F.R.G.)
and filtered through a 0.45-um Millipore filter (Millipore, Bedford, MA, U.S.A.)
prior to use. The distilled water that was used as the mobile phase for HPLC sepa-
rations was filtered through a LiChroprep RP-8 column (Merck). Cyanogen bromide,
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iodoacetic acid and dithiothreithol were purchased from Eastman Kodak (Rochester,
NY, U.S.A.). All the other chemicals were of analytical-reagent grade and were ob-
tained from Carlo Erba (Milan, Italy).

Purification, carboxymethylation and cyanogen bromide digestion of albumin

Normal human serum albumin and Mi/Fg variant were purified according to
Winter?8. Carboxymethylation was performed as described by Swenson er al.??. Al-
bumin at a concentration of 10 mg/ml was reduced under nitrogen at 25°C for 3 h
in 1 M Tris-HCI (pH 8.0) containing 6 M guanidine and a 10-fold molar excess of
dithiothreithol over the -SH concentration. Iodoacetic acid (1.3-fold molar excess
over total thiols) was added, and the mixture was maintained in the dark for 60 min
before the reaction was terminated by addition of 2-mercaptoethanol. Excess of re-
agents was removed by exhaustive dialysis against distilled water and the protein was
freeze-dried. Cyanogen bromide cleavage was carried out on 0.5 umol of carboxy-
methylated albumin at a concentration of 10 mg/ml in 70% formic acid; a 100-fold
molar excess of cyanogen bromide over the methionine residues was added and the
reaction was allowed to proceed for 24 h in the dark at 25°C under a nitrogen at-
mosphere. The mixture was then diluted 20-fold with distilled water and freeze-
dried3°,

HPLC separation of cyanogen bromide fragments

The separation was performed essentially as reported by Tarr and Crabb2°. A
Waters Assoc. (Milford, MA, U.S.A)) liquid chromatograph equipped with two
M6000 pumps, a USK sample injector, a Model 680 automated gradient controller
and a variable-wavelength detector (Japan Spectroscopic Co., Tokyo, Japan) was
employed.

A cyanogen bromide digest of serum albumin was dissolved in 0.05% aqueous
trifluoroacetic acid (TFA) (solvent A) and 100 ul of the solution (corresponding to
about 6 nmol of protein) were injected on to a Vydac C-18 column (10 ym, 25 cm
x 4.6 mm 1.D.) (Separations Group, CA, U.S.A.) equilibrated with 80% of solvent
A and 20% of acetonitrile-2-propanol (2:1, v/v) containing 0.05% of TFA (solvent
B). Elution of peptides was achieved by use of a 30-min linear gradient from 20%
to 60% of solvent B at a flow-rate of 2 m!/min.

Two fragments, which were coeluted under the above conditions, were sepa-
rated on a y~-Bondapak C,g column (10 um, 30 cm % 3.9 mm 1.D.) (Waters Assoc.),
washed with 0.05% aqueous TFA (solvent A) and equilibrated with 80% solvent A
and 20% of acetonitrile-0.05% TFA (solvent B). A linear gradient was run at 2
ml/min from 20% to 35% of solvent B over a period of 15 min; the concentration
of solvent B was then linearly increased to 60% in an additional period of 15 min.

All runs were performed at room temperature and individual peaks were col-
lected manually. Amino acid analysis was performed on a Beckman Model 120B
automatic analyser, equipped with high-sensitivity cuvettes, according to Dévényi3!.
N-Terminal amino acids were identified as the dansyl derivatives according to Hart-
ley32,
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RESULTS AND DISCUSSION

Seven fragments (ranging between 31 and 175 aminoacyl residues) were ex-
pected, from the known sequence of human serum albumin!—3, by submitting the
whole reduced carboxymethylated protein to CNBr cleavage. Several attempts to
separate all these fragments in a single run, using both yBondapak C, 5 or Vydac C,4
as reversed-phase supports, and various solvent conditions, were unsuccessful. How-
ever, their complete separation was achieved using a two-step method: in the first
step the CNBr digest of the reduced carboxymethylated albumin was passed through
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Fig. 1. Elution pattern of cyanogen bromide fragments of the whole reduced and carboxymethylated
normal human serum albumin. The digest was dissolved in 0.05% aqueous TFA (pH 2.3) (solvent A) and
100 gl (corresponding to about 6 nmol of protein) were injected on to a Vydac Cyg column (25 cm x 4.6
mm 1.D.) equilibrated with 80% of solvent A and 20% of acetonitrile-2-propanol (2:1, v/v) containing
0.05% of TFA (solvent B). The elution was performed at room temperature, using a 30 min linear gradient
from 20% to 60% of solvent B. Flow-rate, 2 mi/min; absorbance range, 1.28 full-scale.
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a Vydac C; column and in the second the mixture of two unresolved peptides was
purified on a yBondapak C,s column.

As shown in Fig. 1, five fragments are eluted as separate peaks when the whole
CNBr digest of human albumin is chromatographed on a Vydac C,g column. The
fragments eluted under each peak were identified by amino acid and N-terminal
analysis, and are designated by roman numerals starting from the N-terminus of the
molecule; the results in Table I show that these peptides are obtained in homogeneous
form. The fact that CNBr III gives a double peak may be due to the homoserine-
homoserine lactone equilibrium?3? or, possibly, to modifications of some aminoacyl
residues occurring on CNBr-acid treatment of the protein; such a conclusion is drawn
from the observation that the same amino acid composition and N-terminus are
found by analysing the separately collected material of the “‘two” peaks. As each of
the separated fragments is recovered in a good and very similar yield (about 70% as

TABLE 1

AMINO ACID COMPOSITION OF THE CNBr FRAGMENTS OF NORMAL SERUM ALBUMIN
SEPARATED BY HPLC ON A VYDAC C,3s COLUMN

Amino acid Amino acyl residues*

CNBr 11 CNBr HI CNBr IV CNBr VI CNBrvHI

A B A B A B A B A B

Lys 200 2 1872 19 292 3 1079 11 495 5
His 1.02 1 5.02 5 - - 299 3 - -
Arg 294 3 893 9 - - 384 4 - -
Asp 6.89 7 1406 14 48 S 710 7 402 4
Thr** - — 608 6 — - 88 9 103 1
Ser** - - 875 9 203 2 5.01 5 1.05 1
Glu 5.07 5 2415 24 208 2 15.06 15 5.01 5
Pro 398 4 5.10 5 207 2 5.05 5 - -
Gly 092 1 3.10 3 107 1 - - 205 2
Ala 2.03 2 2279 23 500 S 7.03 7 1781 8
Val** 2.86 3 5.00 5 279 3 1088 11 203 2
Met - 1 - | 1 - | -
Tle*** - - 38 4 - - 18 2 - -
Leu 291 3 1891 19 306 3 994 10 3.03 3
Tyr - - 6.01 6 097 1 18 2 - -
Phe 0.96 1 995 10 192 2 408 4 281 3
Cys? 2.87 3 1.7 12 0.78 1 587 6 279 3
Trp - - nd® 1 - - - — — —
Homoserine 08 — 091 — 08 -— 089 — - -
Total - 36 - 17 - 31 - 102 — 37
NH, terminus Ala Cys Pro Pro Asp

* A = Found values (the values are the means of five independent determinations); B = values
expected from the sequence?.
** Corrected for destruction during acid hydrolysis.
*** Corrected for slow release during acid hydrolysis.
§ Determined as S-carboxymethylcysteine.
% Not determined.
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calculated by amino acid analyses), any problem of limited solubility and/or irre-
versible interaction with reversed-phase support can be excluded. CNBr fragments
V and I are coeluted in a peak at 22-23 min; modifications of the steepness and/or
of the relative proportions of acetonitrile and 2-propanol in the elution gradient
failed to improve the resolution. However, the separation of CNBr V and CNBr I
was achieved by rechromatographing the mixture of the two fragments obtained
from the first run on a uBondapak C,g column (Fig. 2).
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Fig. 2. Elution pattern of cyanogen bromide fragments V and 1. The mixture of CNBr V and I, obtained
from a Vydac C,s column (see Fig. 1) was dissolved in 0.05% aqueous TFA (solvent A) and 100 ul
(corresponding to 5 nmol of peptides) were injected on to a uBondapak C,5 column (30 cm x 3.9 mm
L.D.) equilibrated with 80% of solvent A and 20% of acetonitrile-0.05% TFA (solvent B). The elution
was performed at room temperature, using a linear gradient from 20% to 35% of solvent B over a period
of 15 min; the concentration of solvent B was then linearly increased to 60% in an additional period of
15 min. Flow-rate, 2 ml/min; absorbance range, 0.64 full-scale.
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As shown by comparing the elution profiles in Figs 1 and 2, the retention time
of CNBr V on a uBondapak C;s column is slightly decreased, thus providing its
complete resolution from CNBr 1.

The two fragments are recovered with the same yield and the data reported in
Table II indicate their homogeneity. As expected for a small-pore support, the uBon-
dapak C, 4 column is not very effective in separating all the largest, most hydrophobic
peptides from the whole CNBr digest of the albumin; under the conditions shown in
Fig. 2, CNBr VI (102 aminoacyl residues) is incompletely resolved from CNBr III
and CNBr V (175 and 117 aminoacyl residues, respectively), which are coeluted in
a broad peak. No improvement in the resolution on this support can be obtained by
replacing acetonitrile with a mixture of acetonitrile and 2-propanol as the eluent; in
contrast, the second solvent, particularly in acetonitrile-2-propanol (2:1), gives the
best resolution on Vydac C,s.

Characterization of Mi/Fg albumin
The above procedure was used for the characterization of Mi/Fg albumin, a
TABLE 11

AMINO ACID COMPOSITION OF CNBr FRAGMENTS I AND V OF NORMAL SERUM AL-
BUMIN SEPARATED BY HPLC ON A uBONDAPAK C,; COLUMN

Amino acid Amino acyl residues*
CNBr1 CNBrV
A B A B

Lys 6.83 7 11.72 12
His 3.81 4 3.06 3
Arg -2.04 2 5.87 6
Asp 8.92 9 7.06 7
Thr** 5.88 6 5.80 6
Ser*™* 3.00 3 4.05 4
Glu 13.06 13 17.12 17
Pro 1.02 i 6.80 7
Gly 292 3 3.04 3
Ala 8.94 9 8.06 8
Val*** 6.84 7 9.72 10
Met - 1 - 1
Tle*** 1.05 1 1.07 1
Leu 9.02 9 13.79 14
Tyr 1.88 2 6.85 7
Phe 5.87 6 5.07 5
Cys! 4.02 4 5.86 6
Homoserine 0.89 - 0.92 -
Total 87 117
NH; terminus Asp Phe

* A = Found values (the values are the means of two independent determinations); B = values
expected from the sequence?.
** Corrected for destruction during acid hydrolysis.
*** Corrected for slow release during acid hydrolysis.
§ Determined as S-carboxymethylcysteine.
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Fig. 3. Elution pattern of cyanogen bromide fragments of the whole reduced carboxymethylated Mi/Fg
albumin. Experimental conditions as in Fig. 1.

fast-migrating genetic variant of this protein, which was obtained from an apparently
healthy 15-year-old boy, homozygous for this variant. CNBr fragments were isolated
from the reduced, carboxymethylated protein; the chromatographic pattern in Fig.
3 shows that all the peaks except one are eluted with the same retention time as the
corresponding peaks from normal serum albumin. The abnormal peptide was iden-
tified by its amino acid composition and N-terminus (Table III) as the modified
CNBr VII (residues 549-585 of the sequence), which contains a glutamyl instead of
a lysine residue. Mi/Fg albumin can thus be added to the few!%28 among the several
reported genetic .variants of albumin34 that have been characterized at a molecular
level.

Although no disease has been associated with genetically determined variations
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TABLE III

AMINO ACID COMPOSITION OF CNBr VI FRAGMENTS ISOLATED FROM NORMAL AND
Mi/Fg ALBUMINS

Amino acid Amino acyl residues
Normal CNBr VII Mi/Fg CNBr VII*

Lys 495 3.95
Asp 4.02 4.06
Thr** 1.03 095
Ser** 1.05 1.09
Glu 5.01 6.03
Gly 2.05 2.08
Ala 7.81 7.79
Val*** 2.03 1.97
Leu 3.03 299
Phe 2.81 2.88
Cyst 2.79 2.79
NH, terminus Asp

* The values are the means of two independent determinations.
** Corrected for destruction during acid hydrolysis.
*** Corrected for slow release during acid hydrolysis.
§ Determined as S-carboxymethylcysteine.

of albumin, screening for variants could be of interest as albumin is the major carrier
of several physiologically active substances and drugs. Thus it is possible that some
variants exhibit different functional properties, as the decreased affinity of Naskapi
and Mexico albumins for warfarin®> seems to indicate.

Conventional methods of protein analysis are limited to the detection of charge
differences; the use of HPLC, as in the case of substituted haemoglobin?’, could help
in recognizing a new class of albumin variants.
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