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Removal of Endotoxin from Aqueous Solutions by

Affinity Membrane

Wel Guo,* Zhenhua Shang, Yinian Yu and Liangmo Zhou
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Endotoxin was removed by affinity membranes with histidine immobilized as affinity ligand. Macropore cellulose
membrane was prepared from filter paper by alkaline treatment and chemical crosslinking, and was used as
matrix for the immobilization of affinity ligand. The matrix membrane was derived by hexamethylenediamine
and activated by glutaraldehyde before histidine was immobilized. Membrane cartridges containing 40 or 80
sheets of affinity membrane were also prepared, which can be used to remove pyrogen from aqueous solutions.
Using a cartridge with 40 sheets of affinity membrane, the endotoxin content in solution can be reduced to a
minimum of 0.12 EU/mL. © 1997 by John Wiley & Sons, Ltd.
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INTRODUCTION

Bacterial endotoxins are the lipopolysaccharides (LPS)
derived from the outer membranes of gram negative
bacteria. The terms pyrogen, endotoxin and LPS are
commonly thought to be synonymous owing to their
pyrogenic nature. Endotoxin is known to cause febrile
reactions in mammals with symptoms of high fever,
vasodilation, diarrhoea and even fetal shock. Many methods
have been reported for removing or reducing the level of
endotoxin in fluids. The chemical decomposition of pyrogen
with acid, alkali, or oxidizing agent is commonly practised
in sterilizing the system. Filtration methods using ultra-
filtration membranes or depth type filters are popular means
of depyrogenating biological solutions (Hou and Zaniewski,
1990). However, none of the above methods has proved to
be perfect. During the last decade, more and more important
functional proteins and factors have been produced by
biological engineering, but these pharmaceutics seemed too
difficult and expensive to be used in practice because of the
difficulties in the purification procedure, especially the
depyrogenation procedure. An effective and economical
depyrogenation method is therefore urgently needed.
Affinity chromatography is a unique method in separation
technology since it is the only technique that allows
purification of almost any biomolecule on the basis of its’
own biological functions rather than individual physical or
chemical properties. The fact that affinity adsorption takes
place in mild conditions similar to the environment within
living beings and has a very large combined constant makes
it suitable for the removal of trace harmful impurities from
large quantities of medium. In fact, it is one of the few
methods that can remove pyrogen, in mild conditions, from
varied samples to a relatively low level (Minobe et al.,
1992). Several materials have been reported to be effective
affinity ligands for depyrogenation, such as adenine,
cytosine, histidine, histamine and polymyxin B. Among
these materials, histidine was thought to be the best ligand
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because it is safe and cheap.

In our present work, a new technique in affinity,
membrane affinity chromatography, was adopted for the
removal of pyrogen from aqueous solutions. This technique,
which combined the high flux of the membrane in addition
to the senmsitive selectivity of affinity, proved to be more
efficient and practicable than the classical column affinity
method, with greater processing speed and durability
(Klein, 1990).

In this paper, details for the preparation of histidine
immobilized affinity membrane as well as the preparation of
the membrane cartridge are described. Experiments in
pyrogen removal from aqueous solutions were also per-
formed.

EXPERIMENTAL

Materials, Quantitative filter-paper, Xinhua No. 1 was
purchased from Hangzhou Xinhua Paper Manufactory
(Hangzhou, China). Hexamethylenediamine and epichloro-
hydrin were analytical grade reagents from Tianjin Chem-
ical Plant (Tianjin, China). Histidine was purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Chromogenic
LAL reagents kit for the quantitative determination of
pyrogen was from Chinese Horseshoe Crab Reagent
Manufactory (Xiamen, China) and LPS (O55:B5) was a gift
from the Academy of Military Medical Sciences (Beijing,
China).

Apparatus, The experiments were performed on a Bio-Rad
antomated Econo System (New York, NY, USA). Chroma-
tograms were recorded and processed on a Hewlett Packard
Model 3394A integrator. The C, H and N element contents
of affinity membrane were determined on a Carla Erla 1106
Elemental Analyzer (Milan, Italy).

Alkali treatment of filter paper. In 120 mL of distilled water,
24 g sodium hydroxide and 70 mL dimethyl sulphoxide
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were dissolved. The solution was heated to 60°C and 40
sheets of filter paper were soaked in the solution individ-
ually and allowed to react for 20 min. The sheets were then
removed.

Preparation of cellulose membrane. In 40 mL of water, 10 g
sodium hydroxide, 150 mL dimethyl sulphoxide and
100 mL epichlorohydrin were dissolved. At 60°C, the alkali
treated filter papers were soaked in the solution individualiy
and allowed to react for 3 h. After reaction, the product was
washed with water until neutral.

Preparation of aminohexyl(AH)-cellulose membrane. The
activation procedure of cellulose membrane with epi-
chlorohydrin was the same as the one used to produce the
cellulose membrane. Thus, 40 sheeets of activated mem-
brane were soaked individually in 400 mL aqueous solution
containing S g sodium carbonate decahydrate, 10 g hexame-
thylenediamine and 0.5 g sodium borohydride, the mixture
was heated to 60°C and allowed to stand for 1 h, with gentle
stirring every 10 min. After reaction, the product was
washed with 500 mi water.

Immobilization of histidine. Sixty sheets of aminohexyl
cellulose membrane were suspended in 100 mL 0.1 mol/L.
sodium chloride, 0.1 mol/L. pH 7.4 sodium acetate buffer, to
which 100 mL 25% glutaraldehyde was added. The mixture
was occasionally stirred at 30°C for a period of 150 min.
The resulting glutaraldehyde-activated membranes were
collected and washed with 0.1 mol/l. sodium chloride,
0.1 mol/L pH 7.4 sodium acetate buffer and then suspended
in 200 mL 0.1 mol/L sodium chloride and 0.1 mol/L pH 7.4
sodium acetate buffer, to which 0.5 g sodium borohydride
has been added, and the mixture was occasionally stirred at
40°C for a period of 30 min. After reaction, the product was
washed with 1.0 mol/L sodium chloride solution.

Endotoxin assay. (1) An 0.1 mL sample was mixed with
0.05 mL LAL reagent and the mixture was incubated in a
water bath of 37°C for 25 min. Then (2) 0.05 mlL of
chromogenic polypeptide solution was added, and the
mixture was incubated for further 3 min. After the incuba-
tion, the tubes were transferred to an ice bath, and (3)
0.5 mL sodium nitrite and 0.5 mL. ammonium sulphamate
solutions were added to the mixture. The mixture was
gently shaken for uniform mix before 0.5 mL naphthyl
ethylenediamine solution was added. Then (4) the mixture
was measured on a spectrophotometer at 545 nm.

Regeneration of affinity cartridge. The affinity membrane
cartridge can be regenerated by rinsing with twelve bed
volumes of 0.2 mol/L sodium hydroxide solution containing
20% ethanol, followed by 30 bed volumes of 1.5 mol/L
sodium chloride solution.

RESULTS AND DISCUSSION

One of the most important factors in affinity chromatog-
raphy is the development of solid supports. In the case of
column chromatography of which the column is packed
with particles, there will be a considerable empty volume
owing to the voids in the particle packing. This empty
volume does not contribute to the separation and even
prolongs the processing time (Stimpson, 1986). The major
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Table 1. The influence of ionic strength on the endotoxin

adsorption
Concentration of NaCl Endotoxin in effluent
{molfL) (EU/mL}
0 0.12
0.05 0.32
0.10 0.55
0.20 2.04

LPS (E. Coli 055:B5) was dissolved in sodium chloride solution
at a concentration of 1000 EU/mL, the solution was passed
through 40 sheets of membrane containing affinity cartridge at
the flow-rate of 5.0 mL/min. The endotoxin in the effluent was
determined by the method described in the text.

advantage of membrane chromatography over the classical
column method is that the stationary phase of the membrane
chromatography is a uniform integral unlike that in column
method, so the time consumed can be greatly reduced and
higher efficiency can be achieved.

In previous work, we had synthesized macro-pore
cellulose membrane by a pulp casting method (Guo et al.,
1994). The procedure for that method was very complex
and costly even though a finer quality membrane was
obtained. In this work, we~use quantitative filter paper
directly as the initial material from which the membrane
was synthesized by chemical crosslinking. Calculated from
elemental analysis results, the capacity of the cellulose
membrane for histidine immobilization is about 90 wmol/g.
Compared with the membranes synthesized from pulp
casting and from filter paper, both membranes have very
similar chromatographic characteristics, but the newer one
synthesized directly from filter paper is much cheaper and is
easily scaled up.

It is known that the affinity between endotoxin and
immobilized histidine is mainly contributed by ionic and
hydrophobic interactions. In this work, a hydrophobic
spacer with adequate length was. synthesized in the
immobilization of histidine according to Minobe (Minobe,
1982), and the influence of the salt concentration on the
endotoxin adsorption of affinity cartridge is shown in Table
1.

For different purposes, the permissible endotoxin content
in the product varies over a large range. In this work, a new
kind of cartridge shell was prepared. This cartridge contains
an adjustable cover from which membrane bundlings with
different thickness can be adopted in the same cartridge, so
that its capacity for the membrane media can be adjustable
to meet different demands. The construction scheme of this
new membrane cartridge is shown in Fig. 1 and the
influence of membrane quantities on the effects of endo-
toxin adsorption are shown in Table 2.

As mentioned above, the most important advantage of
membrane chromatography is its high processing speed. In

4
=5 - —
l]l 1 s
- ;\s
hil}

Figure 1. The construction scheme of the membrane cartridge.
The diameter of the membrane used was 47 mm. 1, Holder; 2,
cover; 3, gasket; 4, distribution plate; 5, affinity membrane; 6,
bonding part.
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Table 2. The influences of membrane quantities and flow rate
on the effect of endotoxin adsorption

Endotoxin in effluent Flow-rate imL/min)

(EU/mL) 2.0 5.0 8.0
40 sheets of membrane 0.20 0.32 0.55
80 sheets of membrane 0.18 024 037

LPS (E. Coil O55:B5) was dissolved in 0.05 molL sodium
chloride solution at a concentration of 1000 EU/mL. The sndo-
toxin in the effluent was determined by the method described in
the text.

this work, the endotoxin adsorption efficiencies of the
affinity cartridge under different flow-rates were measured
(Table 2). Compared with the results obtained from column
method (Minobe et al., 1983), the efficiency of membrane is
much superior.

For practical application, the cartridge should be required
to have enough capacity for endotoxin adsorption, i.e. it
should be able to process a considerable volume of sample
solution before it is saturated and regenerated. The capacity
of affinity cartridges was measured as follows. Pyrogen
solution (1000 EU/mL) was applied to a cartridge contain-
ing 40 sheets of affinity membrane at 5.0 mL/min, the
endotoxin levels in the effluent were detected by a LAL
reagent kit and the result was shown in Fig. 2. These suggest
that the cartridge can process as much as 4000 mL specified
solution under such conditions if the permissible endotoxin
level in product is stipulated as 0.5 EU/mL.

Restricted by the endotoxin detecting method, experi-
ments on endotoxin removal from high concentrations of
protein solution were not performed, but if the protein
content of the solution was lower than | mg/mL, which was
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Figure 2. The capacity of affinity cartridge for the adsorption of
endotoxin. Initial solution: LPS E. Coil 055:B85 dissolved in
0.05 NaCl solution, 1000 EU/mL. Cartridge capacity, 40 sheets;
flow-rate, 5.0 mL/min.

permitted by the detecting method, the characteristics of the
affinity cartridge for the endotoxin removal is similar to that
of aqueous solutions.

From the above results, this new kind of affinity cartridge
is considered to be useful and convenient as a tool for the
selective removal of endotoxin from aqueous solution as
well as low content protein solution.
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