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Introduction

Two-dimensional gel electrophoresis (2-DE) is a wid-
ely ušed technique for the separation and characterization
of proteins from complex biological samples. The first
dimension separates proteins according to their relative
charges. The second dimension separates proteins accord-
ing to their apparent molecular weights. The use of immo-
bilized pH gradients (IPG) in the first dimension enables
a high reproducibility. Additional advantages of IPG in-
clude a high loading capacity and high resolution. This is
true for soluble proteins (e.g. biological fluids) or for whole
cell extracts where soluble proteins dominate, some prob-
lems are experienced when less soluble proteins are ana-
lyzed. In this čase, quantitative protein losses were ob-
served. This phenomenon has been attributed to insolubili-
zation of proteins at, or very close to, their isoelectric point
in the IPG matrix!. Protein solubility in the first dimension
and their transfer into the SDS gel could be improved by
the proper combination of chaotropes and detergents in
rehydration solution. Best results were obtained with dena-
turing solutions containing urea, thiourea and detergents
(both nonionic and zwitterionic)2.

We analysed by 2-DE with IPG the possible effect of
X-irradiation on the differentiation of human promyelo-
cytic leukemia HL-60 cells towards monocytic lineage. The
HL-60 cells were treated with 4(3-phorbol 12-myristate
13-acetate (PMA), X-ray irradiated and cultivated for ad-
ditional three hours. To improve the sensitivity of our 2-DE
approach, we tried to prefractionate HL-60 cells and ušed
two different solutions for IPG rehydration. The aim of this
study was to compare the influence of two various rehydra-
tion solutions on the solubility of proteins in tested mix-
tures.

Experimental part

S a m p l e p r e p a r a t i o n

HL-60 cells were incubated for 72 hr with 100 nM-
-PMA and subsequently X-ray irradiated with 2Gy and
incubated for 3 more hours. Afterwards cells were lysed in
Nonidet P40 lysis buffer (20 mM-Tris-HCl, pH 8.0, 137
mM-NaCl, 10 % glycerol, 1 % Nonidet P40, 2 mM-EDTA,
50 mM-NaF) to which protease inhibitors (10 ug.ml"1 leu-
peptin, 10 ug.ml"1 aprotinin, 1 mM-PMSF) and phosphatase
inhibitors were added and centrifuged (10 000 g, 15 min,
4 °C). Supernatants were recovered and frozen at -80 °C.
The remaining pellet was resuspended in 10 volumes of
urea lysis buffer (9 M urea, 2 % Nonidet P40, 3 % CHAPS,
70 mM-DTT, 50 mM-NaF) with protease inhibitors (1 ug.ml"1

leupeptin, 1 ug.ml"1 aprotinin, 1 mM-PMSF), phosphatase
inhibitors (0.1 mM sodium orthovanadate) and 10 mM sper-
mine base, centrifuged (200 000 g, 1 hr at ambient tempe-
rature) and supernatants were collected and stored as men-
tioned above.

2 - D E e l e c t r o p h o r e s i s

The determination of protein concentration was per-
formed by Bicinchoninic acid protein assay kit (Sigma,
Prague, Czech Republic). A commercial nonlinear immo-
bilized pH 3-10 gradient (Pharmacia-Biotech, Uppsala,
Sweden) was applied for the separation of proteins in the
first dimension. The immobiline strips were rehydrated
overnight in the standard rehydration solution: 8 M urea,
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4 % CHAPS, 10 mM-DTT, 1 % carrier ampholytes (Re-
solyte pH 4-8) and a trace of bromophenol blue or in
urea/thiourea rehydration solution: 5 M urea, 2 M thiourea,
10 mM-DTT, 0,4 % carrier ampholytes (Pharmalytes 3-10),
0,5 % Triton X-100, 2 % sulfobetaines (SB 3-10) (Ref.2)
and a trace of bromophenol blue. Samples containing 150
|ig of proteins were loaded on immobiline strips. The 2-DE
with IPG and silver staining of separated proteins were
performed as described earlier3. Silver-stained gels were
scanned using a laser densitometer (4000 x 5000 pixels, 12
bits/pixel; Molecular Dynamics, Sunnyvale, USA) which
generated 30-megabyte images. This scanner was linked to
SunSPARC Workstation S20 (Sun Mirosystems Inc.,
Mountain View, USA). The 2-DE image computer analysis
was carried out using MELANIE II package (Bio-Rad,
Richmond, USA).

Results and Discussion

To sensitize the 2-DE protein patterns and to find out
which sort of cellular proteins is affected by ionizing radia-
tion, we pre-fractionated HL-60 cell lysates into two sam-
ples „1 % Nonidet P40 soluble fraction" containing mainly
membráně and cytosolic proteins and „urea lysis buffer
soluble fraction" containing chiefly cytoskeletal and nu-
clear proteins. Comparing the 2-DE protein patterns of
irradiated and non-irradiated cell lysates of either „1 %
Nonidet P40 soluble fraction" (data not shown) or „urea
lysis buffer soluble fraction" several faint proteins whose
production was either induced or declined by X-irradiation
were detected (Fig. 1 a, b). Since both nuclear as well as
cytoskeletal proteins are only moderately soluble and háve
a great tendency to aggregate, we modified the standard
rehydration solution by the addition of thiourea and by
replacing mild detergent CHAPS with a more efficient one
sulfobetaine SB 3-10. This alteration also required the
decrease in urea concentration2. The application of this
urea/thiourea rehydration solution led to the characteristic
2-DE protein pattern associated with the detection of nu-
merous acidic proteins that were not resolved previously.
On the other hand, the great deal of proteins whose solubil-
ity is probably dependent on the high urea concentration
was lost (data not shown). Nevertheless, the use of urea/
thiourea rehydration solution was beneficial for the separa-
tion of proteins whose production seems to be significantly
regulated by X-irradiation (Fig. la, b, c, d). We did not
identify these proteins so far but we assume that some of

a)

b)

c)

d)

Fig. 1. The magnified regions of silver-stained 2-DE gels of
urea-lysis-buffer-soluble fraction of HL-60 cells. IEF with
standard rehydration solution: a) The 2-DE protein pattern of
HL-60 cells incubated for 72 hours with PMA, b) The 2-DE
protein pattern of HL-60 cells stimulated for 72 hours with PMA,
irradiated with 2Gy and incubated for additional 3hours. IEF with
urea/thiourea rehydration solution: c) The 2-DE protein pattern of
HL-60 cells incubated for 72 hours with PMA. d) The 2-DE
protein pattern of HL-60 cells stimulated for 72 hours with PMA,
irradiated with 2Gy and incubated for 3 more hours. The identical
proteins are designated by numbers, proteins whose expression is
diminished after X-irradiation are indicated by arrowheads
[pI/MW(kDa)], and proteins whose biosynthesis seems to be
induced by irradiation are denoted by arrows [pI/MW(kDa)]
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them, according to the co-migration with the purified pro-
tein, correspond to actin isoforms. This finding is in accord-
ance with the anticipated effectivity of urea/thiourea rehy-
dration solution for the solubilization of cytoskeletal pro-
teins and with the presumed actin stress fibre changes in the
radiation-treated celíš4, as well.

Finally, it can be stated that the application of urea/
thiourea rehydration solution enriches the 2-DE protein
patterns about groups of proteins that are missed using
classical approaches. Since these proteins should belong to
nuclear and cytoskeletal constituents which participate,
e.g., in the development of anchorage independence and/or
tumorigenic phenotypes the analysis of their expression is
of the prime interest.
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An immediate advance of two-dimensional 2(DE) gel
electrophoresis with immobilized pH gradients is the prac-
tical feasibility of setting up very narrow pH gradients in
the most regions of the pH scale, with resultant dramatic
improvement in resolution for some applications. How-
ever, when less soluble proteins are analyzed by this tech-
nique, quantitative protein losses are observed. It was
shown that protein solubility could be improved by varying
the detergents and chaotropes ušed for rehydration of the
immobiline strips. Our results confirmed the high effecti-
veness of a modified urea/thiourea/sulfobetaines rehydra-
tion buffer in the solubilization of proteins occurring, espe-
cially, in acidic area of 2-DE gels in whích the presence of
cytoskeletal proteins can be anticipated. It was also found
that proteins requiring a higher amount of chaotropic sub-
stances to enter imobiline strips could be detected using
a standard rehydration solution and they are lost when the
urea concentration is diminished.
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