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SUMMARY

The use of anion-exchange high-performance liquid chromatography columns
for the analysis of plasma proteins has been investigated. Mono Q and Polyanion SI
were used as anion-exchangers. Several factors, including solvent composition, pH,
flow-rate, sodium chloride linear concentration gradient and sample loading capacity,
were examined for their effects on the resolution of protein standards and pooled
human plasma (PHP). PHP was separated into ten or more protein fractions by a
Mono Q column (50 X 5 mm I.D., flow-rate 2 ml/min) within 10 min. Components
analysis of each fraction was performed using immunochemical methods and size-
exclusion high-performance liquid chromatography. The Mono Q column was ap-
plied to the analysis of IgG myeloma and other patient plasma samples.

INTRODUCTION

Recent developments’-’ 2 of high-performance ion-exchange chromatography
enable us to achieve the separation and purification of proteins and other biopoly-
mers. The use of a rigid matrix, such as synthetic glycol methacrylate3  and glycer-
olpropylsilyl controlled-pore glass (CPG)4,  was effective in both high-resolution and
high-speed separations by allowing high mobile phase velocity and high-pressure
operations. Various applications have been investigated, for example, to proteins5-*,
enzymesg, peptides’ o-l 1 and amino acids. Chang et ~1.‘~ achieved separation of
human serum within 30 min by use of an amine-coated epoxy polymer.

Recently, new commercial “fast protein liquid chromatography” (FPLC) ion
exchangers have been introduced for analytical use13, which provide high resolution
and short separation time: Mono Q and Polyanion SI are anion exchangers, Mono
S is a cation-exchanger and Mono P is a chromatofocusing medium.

In this paper, the use of Mono Q and Polyanion SI in anion-exchange columns
has been investigated in the analysis of plasma proteins. In order to determine the
best separation conditions, the effects of solvent composition, pH, flow-rates, sodium
chloride concentration gradient and sample loading on the resolution and elution
profile of protein standards and pooled human plasma (PHP) were studied. The
elution profile of plasma proteins was analysed by immunochemical methods and
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size-exclusion high-performance liquid chromatography (HPLC) using TSK-
G~ooOSW columns’4-‘6.  Furthermore the Mono Q column was applied to the analysis
of immunoglobulin  G (IgG)  myeloma  and other patient plasma samples,
EXPERIMENTAL

Apparatus

Mono  Q based on monodisperse 10 pm spheres and Polyanion  ~1 based on
17-prn high porosity  silica were  employed as anion exchangers.  These  gels were sup_
Plied Packed  in HR 5/S ahmm (50 X 5 mm I.D.). Ion-exchange  chromatographic
eXphXntS  were performed with the Pharmacia FPLC system, consisting of a Gp-
250 gradient programer, a P-500 pump, a V-7 injection valve, a solvent mixer, a
prefilter, a sample loop of 50 ~1,  a UV-1 UV monitor with an HR low-dead-volume
flowcell, and a Ret-1 recorder, all supplied by Pharmacia (Tokyo, Japan).

Size-exclusion HPLC of plasma proteins was carried out with a high-perfor-
mance  liquid chromatograph  (Model HLC-802, Toyo Soda) equipped  with two
TX-G3000SW-type  columns (60 x 0.75 cm I.D.) in tandem.

Materials
Chemicals  for buffer solutions such as tris(hydroxymethyl)aminomethane

(Tris), ethanolamine, diethanolamine, sodium acetate, acetic acid and sodium &lo-
ride were purchased from Wako (Tokyo, Japan).

Human serum albumin (HSA), human serum immunoglobulinG  (IgG, Cohn
Fraction II), human fibrinogen, human transferrin and human antithrombin III were
fractionated by using Cohn’s method and other conventional methods at the Japa-
nese Red Cross Central Blood Center (JRCCBC) 1 7-1 8. Pooled human plasma (PHP)
was collected with acid-citrate-dextrose (A.C.D.).

Patient plasma samples were supplied by Drs. M. Inoue and H. Nakanishi,
Senko Medical Instrument Mfg. Co.

All samples were filtered through a Millex-GS 0.2-pm filter unit (Millipore,
Bedford, MA) prior to use.

Anti-sera and immunodiffusion plate (LC-Partigen) were purchased from
Hoechst Japan (Tokyo, Japan).

Methods
High-performance ion-exchange chromatography was carried out as follows.

The linear sodium chloride gradient system was prepared by combining the initial
buffer (solution A) and the final buffer (solution B) in prescribed ratios. For the
initial buffers, 0.05 M Tris-HCl (pH 7.0-8.6), 0.02 M acetate buffer (pH 4.@6.0)9
0.05 M ethanolamine (pH 8.6), and 0.05 M diethanolamine (PH 8.6) were  employed
in order to determine the best condition for the anion-exchange chromatography of
plasma  proteins. The final buffers (solution B) were prepared from solution A and
0.5 M sodium chloride.

The effects  of flow-rate, gradient time and loading capacity on the anion-ex-
change chromatography  were  evaluated by using a mixture of transferrin and album
min in a ratio of 2:5.  The resolution, R,(T,A),  was calculated according to eqn. 1

R,(T,A)  =  2( VA - vd/(wA + wd (1)
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where V is the retention volume, W is the peak width at the baseline and suffixes T
and A refer to transferrin and albumin, respectively. In order to determine the res-
olution, 0.7% of protein solution was injected at flow-rates of 0.5, 1.0, 2.0 and 3.0
ml/min, and linear gradient volumes (product of flow-rate and gradient time) of 5,
10,20,  30,40,45 and 60 ml. The influence of load capacity on resolution was inves-
tigated by using 50 ~1 of protein mixture, the concentrations of which were 0.188,
0,376, 0.940, 1.88 and 3.76%.

In the size-exclusion HPLC by two TSK-G3000SW  columns in tandem, 0.05
M sodium acetate (pH 5.0) containing 0.1 M sodium sulphate was used as an elution
buffer.  The flow-rate of the buffer solution was 1.0 ml/min  and the sample volume
was 500 pl14-16.

0 3 6 9 1 2

Time (min)
Fig. 1. The FPLC elution pattern of pooled human plasma. Anion exchanger, Mono Q, packed in HR
5/S column (50 x 5 mm I.D.). Elution buffer: 0.05 M Tris-HCl at pH 7.0 (A), 7.5 (B), 8.0 (C), 8.5 (D)
and 8.6 (E). Flow-rate: 2.0 ml/min.  Linear sodium chloride concentration gradient from 0 to 0.5 M, in 10
min. Sample: SO ~1 of 0.7% PHP. In E, numbers corresponding to each peaks indicate the fractions
collected and analysed  thereafter.
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All chromatographic analyses were carried out at room temperature and elutes
were detected by spectrophotometry at 280 nm.

The plasma protein fractions of high-performance anion-exchange chroma-
tography were analysed by the following immunochemical methods. Counter im-
munoelectrophoresis was carried out using 1% agar gel in 0.05 M Verona1 buffer at
pH 8.6. Samples and anti-sera were applied in volumes of 5 ,ul of each. Immunodif-
fusion was performed with LC-Partigen plates according to the instruction manual.

RESULTS AND DISCUSSION

Selection of elution conditions
The influence of various buffer species and hydrogen ion concentration (pH)

on FPLC chromatograms was investigated using PHP. Figs. 1 and 2 show the elution
patterns of PHP using 0.05 M Tri-HCl  buffer at different pH on Mono Q and
Polyanion SI, respectively. As shown in Fig. 1, when PHP was chromatographed on
the Mono Q column at pH below 8.5, some of the protein fractions were eluted at
void volume. However, at pH 8.6 most of protein components were sorbed on the
column and then eluted according to the sodium chloride concentration. The same
was true with the Polyanion $1 column, as is shown in Fig. 2. As in the cases men-
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Fig. 2. The FPLC elution pattern of pooled human plasma. Anion exchanger, Polyanion SI, packed in
HR 5/5 column (50 x 5 mm I.D.). Elution  buffer: 0.05 M Tri-HCl at pH 7.0 (A), 8.0 (B), 8.5 (C) and
8.6 (D). Flow-rate: 2.0 ml/min.  Linear sodium chloride concentration gradient from 0 to 0.5 M, in 10 min.
Sample: 50 ~1 of 0.7% PHP.
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tioned above, all other buffer systems gave poor resolution at pH below 8.5. This
may be due to the fact that at pH below 8.5 most plasma proteins do not have a
sufficient negative net charge to interact with Mono Q or Polyanion SI beads elec-
trostatically. These results, therefore, indicated that FPLC of plasma proteins should
be carried out at pH 8.6 or higher pH. However, chromatography at pH below 8.5
might be suitable for precise analysis of proteins of lower isoelectric points, such as
albumin and transferrin. At pH 8.6, analysis on the Mono Q column gave better
resolution and reproducibility compared to the Polyanion SI column. This might be
due to the nature of the column packing, because the polyanion SI column, consisting
of high-porosity silica, is unstable at high pH. At pH 8.6, any buffer system except
Tris-HCl gave unsatisfactory peak resolution. Therefore, the Mono Q column was
used with 0.05 A4 Tris-HCl buffer at pH 8.6 in further experiments.

Evaluation of the Mono Q column for albumin and transferrin
HSA and transferrin, which cannot be easily separated by size-exclusion HPLC

with TSK-G3000SW  columns because their molecular sizes are.similar14,  were chosen

I I I 1 Ill, I
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Fig. 3. (A) Effect of the sodium chloride concentration gradient on the resolution of transferrin and
albumin peaks at various Bow-rates. (8) Effect of the sodium chloride gradient on the peak distance A V
and the sum of peak widths A W.  Column: Mono Q packed in HR S/5 column (50 x 5 mm I.D.). Eluent:
0.05 A4 Tris-HCl buffer at pH 8.6. Gradient: linear from 0 to 0.5 M of sodium’chloride. Flow-rates: 0.5,
I .O, 2.0 and 3.0 ml/min.  Sample: 50 ~1 of mixture of 0.2% transferrin and 0.5% albumin.
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Fig. 4. The effect of flow-rate on the resolution of transferrin and albumin peaks at constant gradient
time. Gradient times: 10, 20, 30 and 60 min. Other conditions were the same as in Fig. 3.

Fig. 5. Effect  of sample loading on the resolution of transferrin and albumin peaks. At different con-
centrations of 0.188, 0.376, 0940, 1.88 and 3.76% (w/v), 50 ~1 of mixture was applied to the Mono Q
column. Flow-rate: 2.0 mljmin.  Gradient time: 10 min (= gradient volume of 20 ml).

for the evaluation of the Mono Q anion-exchange column. Chromatographic effi-
ciency was assessed using the resolution R,(T,A),  in eqn. 1 cited above.

Fig. 3A shows the effect of the sodium chloride concentration gradient on the
resolution of albumin and transferrin peaks at various flow-rates. The changes of
peak distance A V (= I’- VT) and the sum of peak widths A W (= W, - W,)
according to gradient volume are indicated in Fig. 3B. It was confirmed from Fig.
3 that at constant flow-rate, R,(T,A)  increased in proportion to (gradient volume)0.24,
and higher resolution was achieved with lower flow-rates at constant gradient vol-

TABLE I

RESULTS OF COMPONENT ANALYSIS OF FPLC FRACTIONS

Proteins were determined using immuno-electrophoresis. - = Negative, * = slightly positive, + = positive,
+ + = strongly positive, i + + = very strongly positive

Protein

Albumin
Transferrin
Fibrinogen
Ceruloplasmin
Haptoglobin
xi-Acid glycoprotein
al-Antitrypsin
al-Lipoprotein
%2-HS  Glycoprotein
a*-Macroglobulin
fi-Lipoprotein
C3Component
Prealbumin
IgG*

Fraction no
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l IgG was determined using immunodiffusion method
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ume. This is mainly due to the change of the A W value according to the flow-rate of
the eMion  buffer, because A V remains constant at different flow-rates when the
gradient volume is unchanged as shown in Fig, 31%

In order to obtain good resolution within a limited time, the effect of flow-rate
on resolution was studied at fixed gradient times. The results are shown in Fig. 4. It
was confirmed from Fig. 4 that the best resolution was attained with a flow-rate of
~a. 2 ml/min  at fixed gradient times. The maximum resolution thus obtained at fixed
gradient times  was due to the total effects on R,(T,A),  which increased  with  gradient
volume  and decreased with flow-rate at constant gradient volume.

Fig. 5 shows the effect of sample loading on resolution. It can be said from
these results that sample loads ranging from 0.1 to 0.5 mg should be applied to the
Mono Q column  in order to obtain better resolution. Below 0.1 mg sample  load, the
signal-to-noise ratio increased significantly.

I I

30 .“?.
Ret.ention timeWwW

Fig. 6. Size-exclusion WPLC of plasma protein fractions, eluted  from the Mono Q column. rracuon (Fr.)
numbers correspond to those in Fig. 1E. Two columns (TSR G-30OOSW, 600 x 7.5 mm) in tandem.
Eluent: 0.05 M sodium acetate (pH 5.0) containing 0. I M sodium sulphate. Flow-rate: 1 .O ml/min.

kethntion time (min)
. _.

Fig. 7. FPLC anion-exchange chromatograms of purified standard proteins and their mixture on Mono
Q column. 0.05 M Tri-HCI  buffer (,pH 8.6) at a Row-rate of 2.0 ml/min  and sodium chloride linear
gradient time of 10 min. A = Pooled human plasma, B = IgG, C = transferrin, D = fibrinogen, E =
anti-thrombin III, G = a mixture of 0.1% IgG + 0.1% albumin + 0.04% transferrin + 0.2% anti-
thrombin III.
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Fructionation of plasma proteins on the Mono Q column
Fig. 1E shows a typical anion-exchange chromatogram of pooled human

plasma on the Mono Q column with 0.05 A4 Tris-HCI buffer (pH 8.6) at a flow-rate
of 2 ml/min and a gradient time of 10 min (= gradient volume of 20 ml). The plasma
separated into fifteen protein fractions, representing much better resolution than by
cellulose acetate membrane electrophoresis. In the latter case the same sample was
fractionated into seven fractions such as prealbumin, albumin, al-globulin,  a*-glo-
bulin, B-globulin, fibrinogen and y-globulin.

Our results thus confirm that high-performance anion-exchange chroma-
tograph on a Mono Q column under the consitions determined here can be applied
to the rapid analysis of plasma proteins. The analysis time of about 10 min enables
us to perform comparative analyses during therapy. Furthermore, we also expect to
apply this technique to the inspection of protein fractionation processes and to the
quality control of plasma protein preparations.

Each fraction in Fig. 1E was collected and analysed by immunochemical
methods. The protein fractions thus identified are listed in Table I. Generally speak-
ing, proteins having higher isoelectric points were eluted faster from the anion-ex-
change column. Thus, IgG was first to be eluted (fraction 1), then transferrin (fraction
4). The highest peak of fraction 10 was attributed to albumin. The a-globulins were
eluted mainly in fractions 7-10, and the /?-globulins in fractions 8-13.

The second sharp peak (fraction 2) in Fig. 1E is unidentified, but not due to
a protein, This was confirmed by size-exclusion HPLC of fraction 2 on TSK-
G3000SW  columns. As shown in Fig. 6, fraction 2 is a low-molecular-weight com-
ponent of plasma.

The exact retention volumes of plasma protein components were then deter-

I

1 6 11
Retention time(min)

Fig. 8, Analysis of patient plasma on a Mono Q column. Conditions were the same as in Fig. 7. A =
pooled human plasma (normal), B = IgG-myeloma patient plasma, C = lung-cancer patient plasma, D
= lung-cancer patient plasma after membrane-plasmapheresis therapy.
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mined with highly purified proteins. The results are shown in Fig. 7. The  elution
volume of each protein was not affected by mixing, suggesting that there were no
significant interactions among the proteins, and separation mechanisms other than
anion-exchange interaction were not important under the present conditions.

Analysis of patient plasma with the Mono Q column
Mono Q column  chromatography was applied to the analysis of several plasma

samples by using 0.05 M Tris-HCl  buffer (pH 8.6) and a linear gradient from 0 to
0.5 M sodium chloride in 10 min. An abnormal pattern of IgG components was
detected  in the IgG myeloma plasma (Fig. SB) as compared with that of nomx4
plasma (Fig. 8A). Fig. 8C shows the chromatogram of plasma from a lung-cancer
patient. After treatment of the patient by membrane plasmapheresis  therapy, the
immunoglobulin fractions decreased in concentration as shown in Fig. 8D, suggesting
improvement of the protein profile as a result of the therapy.
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