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SUMMARY

Affinity membrane cartridges with histidine and polymyxin B immobilized as affinity ligands were
used for the removal of endotoxins from aqueous solutions. 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 or polymyxin B were
immobilized. Membrane cartridges were also prepared, which can be used to remove pyrogen from
aqueous solutions. By a cartridge with 40 sheets of affinity membrane, the endotoxin content in
solution can be reduced to a minimum of 0.04 EU/mL.

INTRODUCTION .
Endotoxins have potent biological effects in man as well as many animal species when administered
systematically. The removal of endotoxin from fluids has been greatly emphasized according to the
very developments of biological engineering in recent years. 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 practiced in sterilizing the system. Filtration using
ultrafiltration membrane or depth type filters are popular means of depyrogenating biological solutions.
Among the methods for endotoxin removing and minimizing, the affinity adsorption, which takes place
under a mild condition and with a strong interaction, was convinced to be the most adequate for the use
in biological samples [1]. In our previously work, a new technique namely membrane affinity
chromatography was adopted for the endotoxin removal. Membrane affinity chromatography, which
combines the advantages of membrane processing speed and affinity selectivity, proved to be a
effective and practicable tool for the depyrogenation of aqueous solutions [2].

In this paper, details for the preparation of affinity membrane as well as the preparation of
membrane cartridge are described, and experiments of endotoxin removal from aqueous solutions are
also performed.

EXPERIMENTAL )

Materials Quantitative filter-paper, Xinhua No. 1 was purchased from Hangzhou Xinhua Paper
Manufactory (Hangzhou, china). Chromogenic LAL reagents kit for the quantitative determination of
pyrogen was from Chinese Horseshoe Crab, Reagent Manufactory (Xiamen, China) and LPS (E.Coil
055: B35 and E.Coil 0111: B4) were gift from the Academy of Military Medical Sciences (Beijing,
China).

Apparatus The experiments were performed on a Bio-Rad automated Econo System (New York,
USA) and a 752C spectrophotometer (Shanghai, China).

Alkali treatment of filter paper  To 120 mL distilled water, were dissolved 24 g sodium hydroxide
and 70 mL dimethyl sulfoxide. The solution was heated to 60°C and 40 sheets of filter paper were
soaked in the solution individually and allowed to react for 20 min. The sheets were then removed.
Preparation of cellulose membrane To 40 mL water, were dissolved 10g sodium hydroxide, 150

mL dimethyl sulfoxide and 100 mL epichlorohydrin. At 60°C, the alkali treated filter papers were
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[image: image2.png]soaked in the solution individually and allowed to react for 3 hr. After reaction, the product was washed
with water until neutral.

Preparation of aminohexyl(AH)-cellulose membrane The activation procedure of cellulose

membrane with epichlorohydtin was the same as that the cellulose membrane was produced. Thus, 40

sheets of activated membrane were soaked individually in 400 ml aqueous solution containing 5 g

sodium carbonate decahydrate, 10 g hexamethylenediamine and 0.5 g sodium borohydride, the mixture

was heated to 60°C and allowed to stand for 1 hr, with gentle stirring every 10 min. After reaction, the
product was washed with 500 mL water.

Immobilization of histidine(polymyxin B) Sixty sheets of aminohexyl cellulose membrane were
suspended in 100 mL 0.1 mol/L sodium chleride, 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 moV/L pH 7.4 sodium acetate buffer, to which 0.5 g sodium borohydride and

05¢g histidjl;e (0.5 g polymyxin B) have been added, the mixture was occasionally stirred at 40°C for a
period of 30 tin. After reaction, the product was washed with 1.0 mol/L sodium chloride solution.
Endotoxin assay (1). 0.1 mL sample is mixed with 0.05 mL LAL reagent, the mixture is incubated

in a water bath of 37°C for 25 minutes. Then (2) 0.05 mL of chromogenic polypeptide solution is
added, and the mixture is incubated for further 3 minutes. After the incubation, the tubes are transferred
to a ice bath, then (3) 0.5 mL sodium nitrite and 0.5 mL ammonium sulfamate solutions are added to
the mixture, The mixture is gently shaken for uniform mix before 0.5 mL naphthyl ethylenediamine
solution is added. Then (4) the mixture is measured on a spectrophotometer at 545 nm.

Regeneration of affinity cartridge The affinity membrane cartridge can be regenerated by rinsing in
sequence with (1)two bed volumes of 0.2 M sodium hydroxide solution, (2) 4 bed volumes 0.5% sodium
deoxycholate solution, (3) 20 bed volumes of 0.2 M sodium hydroxide solution and (4) 30 bed volumes o
1.5 M sodium chloride solution.

RESULTS AND DISCUSSION

Cellulose is a good matrix for affinity chromatography, but the cellulose membrane with macropore
(micron magnitude) can be prepared only with great difficuity. In this work, a convenient method in
which the cellulose membrane was prepated directly from filter paper was adopted. By alkaline
treatment and crosslinking, the woven fibers of cellulose were linked each other and fixed firmly,
which is much favourable for the elimination of ligand leakage during processing. Compared with the
its precursor, the product possesses a tighter structure and with less free fibers (Figure 1). Besides, after
crosslinking, the stability of the membrane in alkaline was obviously improved, which is very
important for the following immobilization and regeneration.

Sealing is always a problem in the preparation of membrane cartridge, especially when the
bundling of many single membranes is used. In previous work, a bonding method was performed and
better result was obtained. But this method can be not performed until the membrane was thoroughly
dried and therefore not suitable in case macrobiomolecular was adopted as affinity ligand. In this work,
a new sealing method is developed in which the membranes are wrapped together with a elastic sealing
tape. Thus, the prepared membranes are clipped together by a clamp, then wrapped with a sealing film
around the edge of the membrane bundling, the film should cover a2 mm width of the circumference
of the first and last membranes, and finally the wrapped bundling of membrane was packed into the
cartridge. This method can be performed immediately after the reaction and therefore much favourable
for the use of biomolecular as affinity ligand. The construction scheme of the membrane cartridge and
the section of affinity membrane are shown in Figure 2 and 3.
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[image: image3.png]Figure 2 The construction scheme of the
membrane cartridge

. 1. Holder. 2. Cover. 3. Gasket.
4. Distribution plate. 5. Affinity membrane.
6. Sealing part. ’

B

Figure 3 The cross-section scheme of the
membrane bundling in the cartridge prepared
by sealing method

1. Affinity membrane 2. Sealing tape

Histidine is the most common ligand in affinity chromatography for the endotoxin removal because it is
cheap and safety. From figure 4, it was found that the allowable depyrogenation speed was much superior ¢
that of Sepharose was used as affinity matrix{4]. But considering the large intervals among the cellulose
fibers, it is predictable that the adsorption speed can be improved a lot if a membrane with finer pore size i
adopted {S]. The capacity of the prepared affinity cartridge was also investigated by determining the
endotoxin in filtrate while the certain content endotoxin solution was pumped throygh the cartridge
continuously (Figure 5).
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Figure 4 The influences of the flow rate on

the effect of endotoxin adsorption.

Initial solution: LPS E. Coil 055: BS dissolved in 0.05
NaCl solution, 1000 EU/mL.

Cartridge capacity: 40 sheets.
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Figure 5 The capacity of affinity cartridge for the
adsorption of endotoxin

Initial solution: LPS E. Coil 055: B5 dissolved in 0.05
NaCl solution, 1000 EU/mL.
Cartridge capacity: 40 sheets.
mL/min.

Flow Rate: 5.0
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[image: image4.png]In this work, another ligand with higher specificity to endotoxin, polymyxin B, was also adopted to
meet specific requirements. Polymyxin B can be classified a cyclic lipophilic peptides antibiotic, and is
known to neutralize the biological activity of endotoxin due to its binding with high affinity to the toxic lipi
A moiety of endotoxin molecules {6].

Two samples were used for the valuation of the cartridge with polymyxin B as affinity ligand, one is a
artificial sample made from E. coil 0111:B4 and the other is tap water in Shanghai, both with fairly low
contents of endotoxin. The effects of the affinity cartridge with 40 sheets of affinity membranes are show
in Table.1 and Table.2.

Restricted by the available methods for the endotoxin detection, experiment on endotoxin removal
from high concentration of protein solution was not performed, but if the protein content of the solution wa
lower than 1 mg/mL, which was permitted by the detecting method, the characteristics of the affinity
cartridge for the endotoxin removal is similar to that of aqueous solution.

Table.1 The adsorption of standard endotoxin in prepared solution by affinity cartridge.

Endotoxin Content in Endotoxin  Content Flow Rate Efficiency
Initial Solution in Filtrate

(EU/mL) (EU/mL) (mL/min)

28 0.75 2.0 96%

Table.2 The adsorption of nature endotoxin in'tap water of Shanghai by affinity cartridge.

Endotoxin Content in Endotoxin Content Flow Rate Efficiency

Tap in Filtrate

Water . (mL

(EU/mL) (EU/mL) /min)

325 0.04 2.0 99%
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