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Abstract

A study of size exclusion and enrichment of proteins employing strong cation-exchange diol silica restricted access material (SCX-RAM)
under saturation conditions is presented. Experiments were carried out with bacitracin, protamine, ribonuclease, lysozyme and bovine serum
albumin as individual proteinaceous analytes as well as comprehensive binary mixtures and with human urine samples. Protein size dependent
capacity features of the SCX-RAM column was observed. Bacitracin demonstrated the highest capacity followed by protamine while adsorption
capacities of both ribonuclease and lysozyme were found smaller by a factor of 10. Applying binary protein samples occurring displacement ef-
fects were apparent: proteins with strong cationic properties displaced those already adsorbed by the bonded cation-exchange ligands. Bacitracir
was displaced in all binary mixture experiments in particular by protamine. Furthermore, the binary mixtures displayed increased adsorption for
some proteins due to complex formation. Lysozyme and ribonuclease showed double capacity values when paired with bacitracin. Both phe-
nomena, displacement and enhanced adsorption occurred in the saturated state and led to changes in the urine composition during sample prep:
ration. Injecting urine samples the relative proportions of fractions changed from 4 up to more than 20 times, due to the differences of the protein
adsorption capacities on the SCX-RAM column. Analysing urine samples the SCX-RAM column provided extensive long-term stability.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction have been used for the separation of large biomolecules and
extraction of the low-molecular weight analytes. A classifi-

The analysis of complex biological samples such as cation of different types of RAMs has been made by Boss
plasma, serum, saliva, urine, etc., requires robust, precise anénd Rudolph{11] according to the working principle. Prac-
fast method$1—-7]. The success of such analyses is largely tical aspects of using RAM as pre-column materials have
dependent on the quality of the sample preparddgn also been discussédti2,13]

During the last two decades, a variety of new sample In this work, a RAM was tested with external diol
preparation techniques have been develdgeg]. Among groups and internal sulphuric acid groups abbreviated be-
them, efficient solid phase extraction and pre-column tech- low as SCX-RAM (SCX: strong cation-exchange). This
nigues have become popular due to their high analyte re-silica-based RAM possesses pores of 6 nm with a molec-
coveries and reproducibility, together with the advantage of ular weight ;) exclusion limit of approximately 15,000.
automation8,10]. Thus, when a complex biological sample is injected into

Restricted access materials (RAMs) have been developedsuch a RAM column, the charged analytes small enough
for the clean-up of biological samples; in particular, RAMs to penetrate the pores will be trapped and enriched on the

cation-exchange surface, while the large molecular weight

- . constitutes will be excluded with the dead volume of the
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for their analysis in complicated biological samples (i.e. grade (Fisher Scientific, Loughborough, UK). Water was
plasma). Réaityt et al.[14] coupled a SCX-RAM column  prepared with a water purification system model Milli-Q
to an HPLC—electrospray ionisation MS system. The plasma (Millipore, Bedford, MA, USA). Bovine serum albumin,
samples were injected without pre-treatment into this sys- initial fractionation by heat shock, was purchased from
tem. High sensitivity and short analysis time were the ad- Sigma—Aldrich (Steinheim, Germany); lysozyme, from
vantages of the developed method. chicken egg white and protamine, from salmon, were ob-
Wagner et al.[15] have also demonstrated that this tained from Sigma (St. Louis, MO, USA); bacitracin was
SCX-RAM can be successfully employed for the separa- purchased from Serva (Heidelberg, Germany); Ribonucle-
tion of the low-molecular-weight proteinaceous fraction of ase, from bovine pancreas, was purchased from Merck.
biofluids in order to obtain their protein map. A SCX-RAM  All samples were filtered through Millex-HV filter units of
column was incorporated for this purpose on-line into a 0.45um pore diameter (Millipore). All mobile phases were
chromatographic system. Extracted samples were separatedegassed by sparging with helium prior to use.
on two type HPLC columns and analysed off-line by MS. The SCX-RAM (25.m particle diameter and about 6 nm
Such a chromatographic system is useful for proteomics pore diameter) was a research product provided by D. Lubda
due to the fast analysis and high resolving power of small (LSP MDA, Merck). It was packed into 25 mm2 mm and
proteins(M; < 15,000) and can therefore complement the 4 mm i.d. stainless steel columns.
two-dimensional gel electrophoresis.
An analogue RAM to the one used in this work but with 5 5 | gtrumentation
alkyl functionalities on the inner surface (alkyldiol silica,
ADS), was characterised by several authors. Schaefer and A two-dimensional HPLC system, composed of an iso-
Lubda[16] stressed that the ADS column is a powerful tool  cratic and a gradient system equipped with a diode array
for the fast and efficient sample clean-up in an on-line mode, getector with the loop-transfer between the dimensions, was
which allows one to fully automate the chromatographic set-up Fig. 1). A micro-pump (Bischoff 2200 Micropump,
system. _ _ . Leonberg, Germany) was connected to a six-port injec-
Misl'anova and Huttg17] investigated the influence of o valve (Model 7125, Rheodyne, Berkeley, CA, USA)
direct injections of different bio!ogical samples onto the per- equipped with a 5ml injection loop for introducing the pro-
formance of an HPLC system incorporating an ADS and an ejn and salt solutions. The injection valve was connected to
analytical RP column. They observed that on-line extraction {he SCX-RAM column (25 mmx 2mm i.d.), which was in
of chiral drugs with the ADS column decreases the retention y,r, connected to a six-port switching valve (Model 7000,
times of the analytes up to 25% and increases asymmetryrnheodyne). The switching valve was equipped with @20

factors of the peaks by up to 5%. Nevertheless, peak areaggop, The eluate of the SCX-RAM column was transferred
and selectivity remain constant.

Yu et al. [18] compared the chromatographic behaviour
of an ADS and a semipermeable surface (SPS) precolumns
in the course of direct plasma injections. Both types of the
RAM demonstrated long life-times when they were properly
washed.

The objective of this study is to investigate the protein size
exclusion and enrichment of low molecular weight proteina-
ceous samples on the SCX-RAM. Phenomena which occur
in the SCX-RAM columns at high loads, i.e., protein—protein
displacement and protein—protein interactions are presented.
Standard proteins and peptides of different molecular
weights were chosen to investigate these phenomena by
frontal analysis. In addition, urine samples were utilised to
monitor these effects performing peptide mapping.

2. Experimental

2.1. Chemicals

C{Fig. 1. A scheme of the two-dimensional chromatographic set-up for RP
analyses of fractions of the SCX-RAM column eluate during its saturation

Potassium dihydrogenphosphate, orthophosphoric aci
o . . . . .
(85%), sodium chloride and trifluoroacetic acid (TFA) were and elution: position 1 of the switching valve: SCX-RAM loading and
purchased from Merck (Darmstadt, Germany). All chem- yashing as well as analysis of the sample on the RP column were
icals were of analytical grade. Acetonitrile was of HPLC performed. In the picture: 1, injection valve; 2, switching valve.
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by the isocratic pump via the switching valve to the waste Table 1

either through the 2Q| |OOp (position 1 of the valve 2) or Concentrations of the protein solutions used for saturation of the
directly (position 2 of the valve 2) SCX-RAM column and programmes of the linear gradients used for the

) . RP analysis of the column effluents
The gradient system (HP 1090 system of Agilent, Wald-

bronn, Germany) was also connected to the six-port switch- Protein(s) Coycle”“a“"” Gradient conditiorfs
ing valve. Its eluents were transferred to a Chromolith S E)mg L) 5 ” .
M s BSA 5 min: 30% B; 2min: 45% B
S_pr(]eedlz_OD FP 18|e column (50 -6”“?‘ '(:] Me.er.) BSA-LYS 1.0 0min: 34% B; 2min: 45% B
either directly (va.\{e 2, posmon 1) or via the |nje_ct|on BSA-RNase 10 Omin: 25% B: 2 min: 50% B
loop (valve 2, position 2). In time the valve was switched Bsa-PROT 15 Omin: 7% B: 2.5min: 45% B
from position 1 to position 2, a fraction of the SCX-RAM  BSA-BAC 15 0min: 23% B; 3min: 45% B
eluate from the loop was transferred onto the Chromolith LYS 1.0 0min: 34% B; 2min: 45% B
- in- 0, . . 0, .
SpeedROD RP-18e. After a few seconds, the valve was-YS-RNase 1.0 3?“'?”'%305/%8' 1min: 33% B;
. . . . 0
§W|tched back for the loop loading vyh|le the transferred frac- | ys.prot 15 omin: 7% B: 2 min: 45% B
tion was analysed on the Chromolith SpeedROD RP-18e. |ys-BaC 15 Omin: 25% B: 0.1 min: 30% B;
2min: 33% B; 3.5min: 40% B
2.3. Chrornatographic conditions RNase 1.0 Omin: 25% B; 1.5min: 35% B
RNase-PROT 15 0Omin: 7% B; 1.5min: 40% B
. RNase-BAC 15 0min: 26% B; 3min: 28%°B
2.3.1. Saturation of the SCX-RAM colur_n_n _ PROT 15 omin: 7% B: 2 min: 30% B
The SCX-RAM column was equilibrated with potas- proT-BAC 15 0min: 7% B: 2 min: 45% B
sium phosphate buffer (15mM, pH 3). A solution of a BAC 15 0min: 23% B; 2min: 35% B

single protein or a mixture of two proteins prepared in the 2 RP analysis flow-rate was 2.0 ml/min. After each gradient analysis,

same buffer was pumped through the column at a constantihe column was flushed with solution B for 30s.

flow-rate of 0.3 ml/min. Once the front of the sample solu- b Programme used for RP analysis during the SCX-RAM column satu-

tion had reached a plateau, the non-adsorbed sample waétion step. Since the qoncentration of material eluted from the SCX-RAM

washed from the column with the buffer. After completion column was several _t|mes higher than that of loaded and peaks_wz_are

. . . overlapping, the gradient programme was prolonged from 3 to 5min in

of the washing, the adsorbed proteins were eluted with & yer 16 obtain a base line separation.

1M sodium chloride solution in the phosphate buffer at a

flow-rate of 0.1 ml/min. After introduction of the salt solu- )

tion, the isocratic pump was stopped every 30's (0.05 ml) to volume of the eluateHig. 2. The amounts of the proteins

transfer a fraction of the SCX-RAM column eluate to the 2adsorbed on the SCX-RAM column were calculated by inte-

Chromolith SpeedROD RP-18e column for analysis. After grat?ng these elution pro_files. Applying this method, elqtion

analysis of the fraction and column equilibration, elution Profiles for each protein in the mixture of two were obtained

of the proteins from the SCX-RAM column was continued. and the SCX-RAM column capacities for each protein sep-

After 0.5ml was eluted from the SCX-RAM column, the arately were calculated.

pump was stopped in time corresponding to 0.6, 0.7 and ) ) )

1.0 ml of elution volume, respectively. After this point, RP 2-3-3. Experiments with human urine _

analysis was performed every 5min (0.5ml) without inter-  Tentimes diluted, filtered urine samples Were.applled onto

rupting the protein elution from the SCX-RAM column. the SCX—RAM col'umn at a flow-rate of 0.3 ml/min. After an
Adsorptions of individual proteins were studied as well apPpropriate washing they were transferred by a salt gradient

as of mixtures of two proteins at equal concentrations (see!0 an analytical SCX column at a flow-rate of 0.5ml/min

Table . (BioAssist S, 50 mmx 4.6 mm i.d., Tosoh Biosep, Stuttgart,
Germany) and separated. A linear gradient was used from
2.3.2. RP analysis of the SCX-RAM column eluate 0 to 50% of 1 M sodium chloride solution in the run buffer

Analyses were performed on a Chromolith SpeedROD (19 MM sodium phosphate pH 2.5/methanol, 95:5, v/v) in
RP-18e column, using 0.1% TFA in water (solution A) 20 min, and then to 100% in _the next 5min. The analyti-
and 0.1% TFA in acetonitrile (solution B) at a flow-rate of €&l SCX column was reconditioned with the run buffer for
2ml/min. The gradient programmes chosen for each exper-° Min. The SCX-RAM column was used in the same system
iment are described iffable 1 After each run the Chro- ~ @nalysing urine samples for the period of 1 monttl§0
molith SpeedROD RP-18e column was washed for 0.5 min injections) with run-to-run reproducibility below 5% R.S.D.
with solution B and then reconditioned with the initial com- and below 10% R.S.D. for the relative fractions.
position of the mobile phase. UV detection was performed
at 214 and 275 nm wavelengths.

RP analyses of the SCX-RAM column eluate were per- 3. Results and discussion
formed during both its saturation and the elution steps. The
concentrations of the proteins in the SCX-RAM eluate were  Five proteins were chosen as model compounds: baci-
calculated from the peak areas and then plotted versus thdracin (BAC), M, = 1420, isoelectric poinpl) = 8.8, pro-
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Fig. 2. Elution profiles of individual proteins on the SCX-RAM column: (a) BAC; (b) PROT; (c) RNase; (d) LYS; (e) BSA. Elution profiles were obtained
by measuring the concentration of proteins in the effluent of the SCX-RAM column during the elution and plotting them versus the volume of the effluent.
The asymmetry factors?) of the profiles shown in the plots were calculated at 10% of their he@riditions: The SCX-RAM column (2.5-2mm i.d.)

was saturated with a protein solution (Seble 1) at a flow-rate of 0.3 ml/min and after this washed with 15 mM phosphate buffer, followed by desorption
with 1 M sodium chloride solution in the same buffer at a flow-rate of 0.1 ml/min. The elution profiles of the adsorbed protein were obtained performing
RP-analysis of separate fractions of the SCX-RAM columns eluate during desorption and then plotting these results versus the volume of the eluate.

tamine (salmine) (PROTW, = 4200, @ = 13.3 (calcu- The experiments were performed at pH 3. At such a
lated for salmine Al), ribonuclease (RNas&), = 13700, low pH, the molecular structures of LYS and RNase are
p/ = 8.0, lysozyme (LYS)M, = 14300, g = 10.5-11.0, stable[21]. BSA changes its conformation at pH below
and bovine serum albumin (BSA); = 68,000, @ = 4.8 4 [22]; the molecule partly unfolds becoming thinner and
[19,20] These proteins differ in their size anth@lues. The longer (the hydrodynamic axial ratio of 9). Thus, more
smallest ones are BAC and PROT. RNase and LYS are pro-functional groups of the molecule, including the hydropho-
teins of similar molecular weight, which is close to the ex- bic ones, become available for the interaction with the
clusion limit of the tested restricted access mateiid) ~ stationary phase and proteinaceous molecules. BAC is a
15,000). BSA was chosen as a model protein which should dodecapeptide and does not possess a complicated structure
not penetrate the pores of the SCX-RAM. [23].
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Table 2 _ ' tein capacity (i.e., from BSA and RNase to PROT and fur-
Basic properties of the proteirj20,23,24] ther to BAC). Nevertheless, in the case of RNase and LYS,
Protein Amount of basic amino acids RatitM, though the areas of these two profiles are almost equal, the
3 . . . . . .
Arg His Lys Total () (x107) RNase profile maximum is about five times higher than that

of LYS and the asymmetry factor of the LYS profile is more

EQ%T o v t 221 15'4 than 5.5 times higher as compared to the profile of RNase.
RNase 5 4 11 20 15 The L\_(S (o = 10.5-11) e_luti_on profile broadening may
LYS 1 1 6 18 1.3 be explained by a stronger binding when compared to RNase
BSA 26 17 60 103 15 (pI = 8), which depends on the number of charged func-

tional groups attaching the protein to the SCX-RAM in-
) ) . ner surface, theZ-value [26,27] Another reason for the

All the proteins are basic except BSA. PROT is the most 3 broadening could be due to the unfolding of the LYS
basic among themTable 2. All the proteins have positive  mgjecules. Some proteins can unfold upon interaction with
net-charges at pH 3 and, they can be trapped electrostatlcalI){On_exchange supports and, therefore, attach more strongly

within the SCX-RAM pores. The negative charges of the 5 the surface via an increased number of accessible func-
proteins are negligible at this pH since th&,of the acidic tional groupg28—-31]

amino acids are about 4{35]. Sane et al[32] examined the chromatographic behaviour
of LYS and RNase at the surfaces of stationary phases. They
3.1. Loading and elution of solutions of individual found that rigid RNase molecules are stable and there was
proteins on the SCX-RAM column little perturbation of their secondary structure on a strong
cation-exchanger. LYS, in contrast, unfolds adsorbed on the
As is evident from the data presentedTiable 3 BAC stationary phase. The unfolding becomes stronger under

shows the highest capacity on the SCX-RAM column fol- the column saturation conditions. This occurs due to in-
lowed by PROT. The adsorption capacity of both RNase termolecular interaction or even aggregation of the protein
and LYS is by a factor of 10 smaller than that of the small [32;.

proteins. The adsorption of BSA is negligibly small, as ex- ~ protein molecules tend to unfold when their residence
pected. The same was found concerning ARS. The fact  time on ion-exchange columns is prolonged; this is accom-
that BSA unfolds below pH 4 could lead to the possibility panjed by peak broadeniri9,30,32,33] This may be also

that the molecule partly enters a pore and interacts with thene case in the present study, because loading and washing

cation-exchange groups of the inner surface of the RAM.  of the SCX-RAM column before the elution took approxi-
Fig. 2 displays the elution profiles of the individual pro-  mately 20-30 min.

teins obtained by eluting them with a 1 M NaCl solution in a

phosphate buffer at pH 3 after saturation of the SCX-RAM 32 | pading and elution of protein mixtures on the

column. Substantial tailing is observed as monitored by gox-RAM column

the asymmetry factor when measured at 10% of their peak

height. The asymmetry factor appears to be a function of the gy knowing the SCX-RAM column capacities for the sin-

protein capacity as well as the affinity of the protein to the gje proteins, one could assume that in binary mixtures they

SCX-RAM surface. Itincreases proportionally with the pro- || decrease to halves. The following experiments show
that in reality the picture became much more complicated

Table 3 due to the difference of the natures of the protein.
Capacity of different proteins on the SCX-RAM as a function of their
molecular weight 3.2.1. Proteins of the size close to the exclusion limit of
Protein M, SCX-RAM capacity the RAM: protein—protein interactions
mg/mi mmol/ml RNase and LYS exhibited a similar behaviour in pairs with

other proteins and peptides under the SCX-RAM column

BAC 1420 107.6 5.8 saturation conditionsg. ). In pairs with BSA, the amount
PROT 4200 71.0 16.9 D

RNase 13700 101 0.73 of a<_jsorbed LYS and RNase Qecreased S|gn|f|cgntly (see
LYS 14300 10.2 0.71 Section 3.2.R In the other experiments, the capacity of the
BSA 68000 0.3 0.004 SCX-RAM showed an increase. When the sample contained

Conditions: The SCX-RAM column (2.5-2mm i.d.) was saturated with both LYS and RNase, the amount of adsorbed RNase was
a protein solution (sedable ) at a flow-rate of 0.3mlmin and af-  47% of its SCX-RAM capacity, for it whereas the amount
ter this washed with 15mM phosphate buffer, followed by desorption of LYS dropped only 14% compared to its SCX-RAM ca-
with lM‘ sodium chloride solution in the same buffer at a _flow-rate of pacity. In the experiment with the pair RNase/PROT, the
i(;'; rg'é'f’;ﬂg ITy';?Sagf‘OS“e”ga(;;:L‘efri‘ifig;bse%fptrﬁ;e'g év)?_;‘/i?\;egl'ﬂfnisegﬁ;g adsorbed amounts of both proteins were about 80% of their
SCX-RAM capacities. In pairs with BAC, both LYS and

during desorption, then plotting these results versus the volume of the ) PN ) )
eluate and integrating the obtained elution profiles. RNase were adsorbed in amounts significantly higher than in
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Fig. 3. The changes in adsorption capacity of the proteins in binary solutions on the SCX-RAM column. The relative amounts of the capacities are given
in groups for each protein separately (abscissa axis). The second protein of the binary sample is written in brackets above the corresponding columr
The capacities of the RAM for each protein alone were normalised to 1@@#ditions: The SCX-RAM column was saturated with a solution of an
individual protein or a mixture of two proteins (s&able 1) at a flow-rate of 0.3 ml/min and after this washed with 15 mM phosphate buffer, followed

by desorption with 1 M sodium chloride solution in the same buffer at a flow-rate of 0.1 ml/min. The amount of the adsorbed proteins was determined
performing RP-analysis of separate fractions of the SCX-RAM columns eluate during desorption, then plotting these results versus the volume of the
eluate and integrating the obtained elution profiles.

the experiments with the single proteins (2.1 and 2.3 times, pared unmodified weak ion exchangers, as well as modified
correspondingly) Table 4. weak ion exchangers with different proteins. In their inves-
These experiments revealed the ability of the proteins to tigations, LYS especially showed a tendency for strong in-
interact with other proteins or peptides already adsorbed onteraction with the proteinaceous adsorbed on the stationary
the surface. Such a phenomenon of protein—protein interac-phases.
tion was observed in preparative chromatograf8438]
It is in the nature of proteins to form complex&s6], but in 3.2.2. Small proteins. protein—protein displacement
solution the probability of interaction is low. However, when Under the SCX-RAM column overloading conditions
the surface of a stationary phase is saturated, the concenPROT and BAC, the two smallest of the tested proteins,
tration of proteins there is high. Then the proteins present behaved very differently in the binary solutions with other
in the solution can form complexes with the molecules al- proteins. The amount of adsorbed BAC in the presence of
ready adsorbed on the stationary phase. Xu and Ref@®fr  other proteins decreased compared to the capacity of the
have shown that proteins can interact more strongly with column for this peptide: 1.9, 2.6 and even 3.1 times in
molecules of different species than with their own. They pre- the experiments with BSA, RNase and LYS, respectively
(Table 4. The amount of adsorbed PROT, in contrast, var-
ied insignificantly when compared to the experiment with

Table 4 the single peptideFig. 3)
Comparison of individual protein capacity on SCX-RAM column 9 _p P 9. e
(2.5-2mm i.d.) to their capacity in pairs with BAC PROT interacted with SCX-RAM stronger than other
. : tested proteins. It even displaced BAC when the column was
Second Capacity for Capacity for Excess of the turated with ixt f two: th t of adsorbed
protein  single protein  proteins in binary second protein Saturated with a ml)f ure of two, e amount o . aasor ,e
(mol) mixture (mol) (mol) BAC was almost 80 times lower than in the experiment with
Second protein  BAC the single peptide. In the presence of PROT, the amount of
adsorbed LYS was 35% of its column capacity. Such an
Efg 8'2214 c())fgos 172'75 ’0'00229 effect of competitive adsorption and exchange processes
RNase  0.23 0.53 92 0.30 at a surface is also observed for the blood proteins and is
PROT 53 4.7 03 -06 called the Vroman effedt0]. If the most abundant proteins

Capacity for BAC alone on SCX-RAM column was 23.8 mGbnditions: Interact Weakly with the surface of the blood vessels they
The SCX-RAM column was saturated with a solution of an individual &N be displaced by the less abundant but more strongly
protein or a mixture of two proteins (seEable 9 at a flow-rate of interacting protein$40].

0.3ml/min and after this washed with 15 mM phosphate buffer, followed PROT has the highest affinity for the SCX-RAM, because

by desorption with 1M sodium chloride solution in the same buffer this nuclear peptide is highly cationitfa(ble 3 Thus is due

at a flow-rate of 0.1 ml/min. The amount of the adsorbed proteins was . . -
determined performing RP-analysis of separate fractions of the SCX-RAM to the fact that Salmine A1, a PROT of Salmon, is built of

columns eluate during desorption, then plotting these results versus the32 amino acids and conjtains 21 arginine residypesa =
volume of the eluate and integrating the obtained elution profiles. 12) [20]. In contrast to bigger proteins, the PROT charges
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are neither distributed over the large surface, nor they canRNase, respectively. Most probably, the large molecules of
be hidden within the folded molecule. Therefore, a larger BSA block the entrance to the pores. As mentioned above the

number of its charges can interact simultaneously with the experiment with PROT was different due to protein—protein
stationary phase. interaction.

Both PROT and BAC formed complexes with RNase
and LYS (see previous section). Since the amount of PROT 3.2.4. Analysis of urine samples
adsorbed on the SCX-RAM column varied insignificantly Urine contains trace amounts of proteins and peptides
and was close to its column capacity, we suppose thatoriginating from blood plasma, the kidneys and the urogeni-
PROT exchanged considerably also RNase and LYS ontal tract. Excessive proteins in urine are usually indicative of
the SCX-RAM surface. But RNase and LYS could be ad- disease and can be classified in various Wag§ Therefore,
sorbed on the PROT molecules due to the protein—proteinurine has enormous potential for non-invasive detection of
interaction. PROT also interacted with BSA, the amount protein biomarkers for the diagnosis and clinical monitoring
of adsorbed PROT in the presence of BSA was 1.2 times of human disease.
higher than without it. Cation-exchange chromatography of urine samples was

performed after on-line extraction of the samples on the

3.2.3. BSA: blocking the access to the SCX-RAM pores SCX-RAM column.Fig. 4 presents several chromatograms

Frontal analyses and desorption of BSA in pairs with corresponding to different volumes of the urine samples.
LYS, RNase, PROT and BAC were performed. The amount The profiles of the chromatograms varied depending on the
of BSA adsorbed in pairs with PROT and BAC de- loaded amounts of the samples. These chromatograms were
creased approximately six and three times, respectively,relatively divided into fractions a, b and ¢, as shown in the
compared to the SCX-RAM capacity for BSA alone Fig. 4 The relative areas of these peaks were in the ratio
(Fig. 3. In the experiments with LYS and RNase, the of 1:4:2.3 when injecting 25@l of urine sample, 1:2.6:0.85
amount of adsorbed BSA was below the quantification when injecting 9Qul of urine sample, and went down to
limit. 1:1.1:0.11 when 10l of human urine was loaded. The pro-

Despite of the relatively low amount of BSA adsorbed portions changed from 4 up to more than 20 times because
on the SCX-RAM column, the adsorption capacities for of the differences in the SCX-RAM column capacity for
the other proteins/peptides in its presence also decreasegroteins of different size, probable protein complexation and
(Fig. 3: 1.9, 2 and 1.5 times in the case of BAC, LYS and displacement.
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Fig. 4. The dependence of the chromatogram fractions peak heights on the amount of urine sample Ggeditéohs: Ten times diluted urine samples
were purified and preconcentrated on the SCX-RAM column at a flow-rate of 0.3 ml/min then transferred by salt gradient to the analytical SCX column
at flow-rate of 0.5ml/min (BioAssist S, 50 mm 4.6 mm i.d., TOSOH BIOSEP GmbH, Stuttgart, Germany) and separated. A step gradient was used
from 0 to 50% of 1M sodium chloride in run buffer 19 mM sodium phosphate pH 2.5/methanol 5% (v/v) in 20 min, then increased to 100% in 5min
and reconditioned with the run buffer for 5min. Detection was performed at 214 nm UV.
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