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Peptides in human blood extracts were separated and identified by HPLC. The processes of
peptide formation under energy deficient conditions, which develop during blood storage, were
studied.
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The problems of cell death provoke substantial inter�
est, because they are related to aging of organisms, patho�
logical changes of tissues and organs, regeneration, and
carcinogenesis.1—3

Mammal erythrocytes, in particular, human erythro�
cytes are cells unique in their way because their apoptosis
(cell death) program may be switched on even at the
maturing state.4 This program is implemented during func�
tioning of erythrocytes.

Having entered the bloodstream, erythrocytes are
gradually disintegrated while performing their functions.
The rates and mechanisms of disintegration cannot be
defined as mere wearing of the cell caused by the lack of
protein renovation and intensification of denaturation
changes. The presence of diverse types of reception on
erythrocytes and the possible endocrine5 and, perhaps,
also the autocrine activity of erythrocytic cells prompt the
idea of execution of a definite disintegration program
whose mechanism depends on the conditions of func�
tioning.

This communication presents a chromatographic study
of the extracts of peptides from human blood carried out
within the framework of the research into degradation of
human haemoglobin. About 200 endogenous haemoglo�
bin fragments have now been isolated from various
sources, about 50 of these peptides being biologically ac�
tive both in vivo and in vitro.6—8 Meanwhile, the forma�
tion of biologically active fragments of this protein has
not been adequately studied. The analysis of the peptide
composition of the erythrocyte lysate carried out in a
known work9 has shown that red blood cells contain sub�
stantial amounts of haemoglobin fragments comprising
mainly about 30 amino acid residues.

The purpose of this study is chromatographic separa�
tion and identification of peptides in extracts obtained
from fresh blood and from blood stored for 3, 5, and
7 days and analysis of peptide formation processes under
energy deficiency arising during incubation of the whole
blood.

Experimental

The chromatographic experiment was carried out at ∼20 °C
on a Waters 600S liquid chromatograph with a Waters 2487
spectrophotometric detector (λ = 254 nm). A 150.0×4.6 mm
Althech steel column with silica gel (5 µm) with grafted octadecyl
groups was used. The mobile phase was prepared using acetoni�
trile (chromatographic grade) and doubly distilled water. The
elution rate was 1 mL min–1 and the sample volume was 10 µm.
The results of the chromatographic analysis were processed by
the Millenium software32 (Waters). As a result of the study, we
chose the optimal mobile phase and the gradient elution mode
for the separation of peptides. In order to suppress peptide ion�
ization, CF3COOH was added to water (0.1% v/v).

Time The composition of the mobile phase (% v/v)
/min

H2O + CF3COOH (0.1% v/v) MeCN

0—5 100 0
5—10 90 10
10—15 50 50
15—20 0 100

Identification was carried out using commercial peptides
(Aldrich, Sigma). The samples were prepared by reported pro�
cedures8,9 using Sigma commercial chemicals (analytically pure).

The study was performed with donor whole blood either
fresh or stored for 3, 5, or 7 days at 283—285 К. The erythrocyte
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lysate was prepared in the following way. Erythrocytes
were washed three times with a cold 0.154 M solution of NaCl
(283 К) and centrifuged (600 g) on a refrigerator centrifuge
(Micro 17M+, Korea) for 10 min at 277 К, and the supernatant
liquid was discarded. The suspension of erythrocytes was sub�
jected to deproteinization with a 15% aqueous solution of
CCl3COOH (1 : 3, v/v). The mixture was centrifuged (1000 g)
for 15 min at 298 К and the supernatant liquid (below referred to
as the extract) was separated. The resulting extracts were ana�
lyzed by reversed�phase HPLC.

Processing of the results of the chromatographic experiment
was carried out by mathematical statistics techniques.10 The
relative error of a single measurement did not exceed 5%.

The retention factors of the peptides (k) were calculated
from the formula

k = (tr – tm)/tm,

where tr is the peptide retention time, tm is the retention time of
a nonsorbed component; tm was determined from the retention
time of sodium nitrite.

Results and Discussion

Chromatography is often used to study peptides. Nu�
merous chromatographic procedures for proteins and pep�
tides have been reported in the literature.11,12 However,
theoretical grounds for the separation of complex com�
pounds such as those of the peptide origin have not yet
been developed. The known classical models of chroma�
tography are designed for idealized cases and prove to be
of low use in practice. In most cases, when peptides and
proteins are chromatographed, one has to be guided
by general recommendations and empirical consider�
ations.13,14

The key problem in our chromatographic study was to
attain reproducibility of the results. Therefore, consider�
able attention was paid to sample preparation, because
the resulting extracts were to be free from proteins and
high�molecular�weight peptides.

The chromatograms of the peptide extracts obtained
from blood stored for different periods of time are shown
in Fig. 1, a and b. It can readily be seen that the composi�
tion and gradient of the mobile phase chosen for the
experiment allow one to analyze peptides over an accept�
able time and provide a satisfactory separation. The gradi�
ent was formed by increasing the elution strength and
decreasing the polarity of the mobile phase during the
analysis, which was attained by increasing the content of
acetonitrile. Therefore, peptides were apparently eluted
from the column in the order of increasing hydropho�
bicity.

During storage, the whole blood experiences oxygen
deficiency, i.e., energy deficiency. Our goal was to trace
the changes in the qualitative and quantitative composi�
tion of the peptide extracts obtained from blood stored for
different periods and thus to collect information on the

energy dependence of peptide formation processes. The
dynamics of this process is shown in Fig. 2. It can be seen
that the contents of some peptides change during storage.

We identified six peptides, four of which were missing
from the extracts prepared from fresh blood samples. The
identification was based on the retention times of refer�
ence compounds. The chromatogram of an artificial mix�
ture of peptides of known structures is presented in Fig. 3.
The retention factors and the structures of the identified
peptides are listed in Table 1. It can be seen that some of
these compounds possess biological activities or are frag�
ments of haemoglobin α� or β�chains.5,15

The peptides identified in extracts obtained from fresh
blood were Ala�Leu�Trp�Gly�Lys�Val�Asn�Val (4) and
Val�Val�Leu�Ser�Pro�Ala�Asp�Lys�Thr�Asn�Val (5). The
latter was also found in extracts from incubated blood
(for 3, 5, and 7 days), its amount being higher for longer
storage periods. The other peptide (4) was found in blood
extracts only after 3� and 7�day storage and its content
decreased with time.

Peptides 1 (Thr�Ser�Leu�Tyr�Arg) and 2 (Val�His�
Leu�Thr�Arg�Glu�Glu�Lys�Ser�Ala�Val) were found in
blood extracts stored for 3, 5, and 7 days. The amount of

Fig. 1. HPLC data for the extract of peptides obtained from the
blood stored for 3 (a) and 7 days (b): Thr�Ser�Leu�Tyr�Arg (1),
Val�His�Leu�Thr�Arg�Glu�Glu�Lys�Ser�Ala�Val (2), Val�Val�
Ala�Gly�Val�Ala�Asn�Ala�Leu�His�Arg�Arg�Tyr�His (3),
Ala�Leu�Trp�Gly�Lys�Val�Asn�Val (4), Val�Val�Leu�Ser�Pro�
Ala�Asp�Lys�Thr�Asn�Val (5) and Val�His�Leu�Thr�Pro�Gly�
Glu�Lys�Ser�Ala�Val (6).
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Table 1. Structure, retention factors (k), and biological properties of the identified peptides

Peptide Incubation k Biological
time/days activity

Thr�Ser�Leu�Tyr�Arg (1) 3 0.27 Fragment of the
1 5 0.26 α�chain of human
1 7 0.26 haemoglobin
Val�His�Leu�Thr�Arg�Glu�Glu�Lys�Ser�Ala�Val (2) 3 0.71 Human growth
2 5 0.71 hormone factor
2 7 0.72
Val�His�Leu�Thr�Pro�Gly�Glu�Lys�Ser�Ala�Val (6) 3 1.21 —
6 7 1.21
Ala�Leu�Trp�Gly�Lys�Val�Asn�Val (4) —* 6.62 Fragment of the
4 3 6.62 β�chain of human
4 7 6.63 haemoglobin
Val�Val�Ala�Gly�Val�Ala�Asn�Ala�Leu�His�Arg� 3 1.68 —
Arg�Tyr�His (3) 7 1.69
Val�Val�Leu�Ser�Pro�Ala�Asp�Lys�Thr�Asn�Val (5) —* 1.06 Hemopoietic
5 3 1.05 activity
5 5 1.05
5 7 1.05

* Fresh blood.

Fig. 2. Dynamics of excretion of low�molecular�weight peptides
1—6 with cells of a survival culture of erythrocytes.
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Fig. 3. HPLC data for an artificial mixture of standards of pep�
tides 1, 2, 4—6.
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peptide 2 increased during storage, while the content of
pentapeptide 1 remained virtually unchanged.

The blood stored for 3 and 7 days was found to contain
two peptides that were missing from fresh blood and from
the 5�day�storage blood, namely, Val�His�Leu�Thr�Pro�
Gly�Glu�Lys�Ser�Ala�Val (6) and Val�Val�Ala�Gly�Val�
Ala�Asn�Ala�Leu�His�Arg�Arg�Tyr�His (3), their con�
centration in the extracts decreasing.

Peptides 3, 4, and 6 were not detected in the blood
stored for 5 days but they can be found qualitatively in the

7�day storage blood. Currently we cannot interpret this
fact, because this requires further research.

The fact that the extracts obtained from incubated
blood contained four peptides that were absent from fresh
blood extracts points to an energy�dependent (depending
on the oxygen concentration in blood) nature of the for�
mation of low�molecular�weight peptides by erythrocyte
culture cells. The change in the amount of the material in
the samples taking place during incubation attests to a
specific character of formation of some peptides.
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