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ABSTRACT 

Polymyxin B was immobilized on the ion exchanger ,  Amberlite 
IRC-50. The modified support  was used as an  adsorbent  for lipopoty- 
saccharide of E. coli from a phosphate  buffer at p H  = 7.0 and  T= 20~ 
The insertion of a spacer, 6-amino hexanoic acid, improved the ad- 
sorption capacity of the modified carrier significantly. U p o n  partial 
acetylation (25%) of primary amino groups of immobilized Polymyxin 
B, the adsorption capacity of the support  was halved. From our re- 
sults, it is concluded that  the complex formation be tween  lipopotysac- 
charide and  immobilized Polymyxin B is based on both lipophilir 
as well as electrostatic, interactions. Convenient  procedures for the 
immobilization of the  ligands and  the characterization of the  ion ex- 
changer are described. 

Index Entries-" Lipopolysaccharide; Polymyxin B; immobiliza- 
tion; spacer effects; 6-amino hexanoic acid ethyl ester. 
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INTROD(/CTION 

Lipopolysaccharide (LPS) is a characteristic amphiphilic component  
of the outer membrane of Gram-negative bacteria. The molecule is built  
up  of a strain-dependent heteropolysaccharide part covalently bound to a. 
rather strain-independent lipid part, called lipid A (1-5). LPS molecules 
are exclusively located in the outer layer of the outer celt wall of Gram- 
negative bacteria, where they protect the cell against leakage of cytoplas- 
mic material and harmful external components,  such as detergents, bile 
salts, and antibiotics. 

On  one hand,  if Gram-negative bacteria reside in an organism, their 
LPS molecules cause some beneficial biological effects. For example, the 
heteropolysaccharide part of LPS plays an important role in the activation 
of the organism's  immune  system, which starts to produce bacterial anti- 
bodies as soon as this part of LPS is recognized (4). On the other hand,  if 
LPS is released from disintegrating bacteria, it is also responsible for many 
endotoxic properties of Gram-negative bacteria, e.g., fever, diarrhea, 
changes in the white blood cell count (1,4), hypotension, and comple- 
ment  activation (3). Almost all of these endotoxic activities reside in the 
lipid A part of LPS (2,3). 

Normally, LPS is detoxified by the liver and may not be found in the 
organism's  blood. But, in cases of a reduced liver function, the blood con- 
centration of LPS may rise to such a level that endotoxic activities become 
noticeable ("endotoxemia").  Some other causes for endotoxemia are a 
severe burn  injury, surgery, and chemotherapy (6). If too much LPS is 
present in the blood and it cannot be detoxified fast enough by the or- 
ganism, it is important to have a suitable way to detoxify LPS artificially 
so that the amount  of LPS is reduced to an acceptable level (12-14). 

An artificial way to detoxify LPS is the administration of an antibiotic. 
A widespread antibiotic against most  strains of Gram-negative bacteria is 
Polymyxin B (PMB), which is derived from Bacillus polyrayxus (16). This 
antibiotic belongs to. a closely related group of cationic amphiphilic anti- 
biotics, the polymyxins. These antibiotics are characterized by a hepta- 
peptide ring, to which a C:8 or C:9 fatty acid is attached through an amide 
bond (7-9). 

PMB may spontaneously incorporate into the outer cell wall, where it 
forms a very stable complex with LPS through hydrophobic and electro- 
static interactions (7,10). After extensive scientific studies, it is generally 
accepted that the antibiotic property of PMB resides in the incorporation 
of PMB into the bacterial membrane.  This spontaneous process increases 
the membrane  permeability and thereby inhibits the bacterial respiration. 
Morrison and Jacobs (11) found that the positively-charged primary amino 
groups, as well as the lipid part of PMB, are essential to establish a strong 
interaction between PMB and LPS. 

The use of PMB as an in vivo antibiotic is limited to oral and local ad- 
ministration, because PMB is strongly toxic to the central nervous system 
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and kidneys of the organism (6,8). This problem of toxicity can be solved 
if the antibiotic is kept outside the organism by its covalent immobiliza- 
tion on a solid support  and utilizing hemoperfusion. In this way, PMB 
has lost its toxicity and blood, or any other LPS-containing solution and 
can be brought  into contact with this LPS-removing material. 

For our investigations, PMB was covatently bound to the ion exchang- 
ing resin, Ambertite IRC-50, via condensation reactions between primary 
amino groups of PMB and carboxyl groups of the solid support.  This modi- 
fied solid suppokt was used to adsorb LPS of E. coti from a buffer solution 
at pH--7.0. The influence on the LPS adsorption capacity of an inserted 
spacer arm between PMB and the support  was also investigated. 6-Amino 
hexanoic acid (EACA) functioned as a spacer. A fraction of PMB's primary 
amino groups was acetylated to show the importar~ce of their protonated 
state in the complex formation with LPS. We report about the convenient 
modification procedure, the performance of this endotoxin adsorbent, 
and the mechanism of binding between PMB and LPS. 

MATERIALS AND METHODS 

Chemicals 

Both Polymyxin B Sulphate (no. P 1004) and Lipopolysaccharide from 
E. coli 0111:B4, phenol-extracted (no. L 2630) were purchased from Sigma, 
St. Louis, MO. All other chemicals were reagent grade and used as received. 

I/~MOBILIZATION PROCEDURES 

Immobilization of Spacer Arms 

Before the spacer, EACA, was covalentty coupled to the ion exchanger, 
we synthesized its ethyl ester. The esterification was based on the method 
of Rothe et al. (23). We adjusted this method by using a two-molar excess 
of thionylchloride regarding the spacer quantity. After evaporation of 
most of the ethanol, the HCI salt of the spacer's ethyl ester precipitated 
almost quantitatively. As a result, we omitted the HCl-elimination step 
and the vacuum distillation. Table I shows some relevant physical proper- 
ties of the synthesized product, the HCI salt of EACA ethyl ester. 

In order to regain the spacer as a free amine, we dissolved ~1 g each of 
the spacer's HCI salt in 5 mL dry dioxane. Then, we added an equimolar 
amount  of tri-ethylamine, and the precipitated HC1 salt of triethyl amine 
was filtered off. The dear  dioxane solution, containing the free spacer, 
was used in the immobilization procedure. 

The carboxyl groups of the ion exchanger were activated through 
conversion into reactive esters with N-hydroxy-succinimide (NHS) and 
di-cyclohexyl-carbodiimide (20-22). Both spacer immobilization and sup- 
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Table 1 
Relevant Physical Properties of 6-Amino Hexanoic Acid Ethyl Ester 

Structure: 
Molecular weight :  
Melt ing point:  
Elemental  analysis: 

13C-NMR data: 

O 
II 

CHs - CH2 - O - C - (CH2)4 - NH2.  HCI 
195 g/moI 
109-110~ 

N C H 
Theor. 7.2% 49.2% 9.2% 
Exp. 7.1% 50.1% 9.5% 

Solvent: CDCI3 

Carbon Atom 6, p p m  
- CH3 14.4 
- CH2 - 0 - 60.4 
> C = O 173.5 
- CO - *CH2 1 33.9 
- CO - C I ~  - *CH2 - 25.9 
- *CH2 - CH2 - NH2-HC1 27.3 
- CH~ - NH2 39.7 

p o r t  ac t iva t ion  w e r e  carr ied ou t  in  a o n e - p o t  syn thes i s .  A b o u t  1 g i on  
e x c h a n g e r  w a s  w a s h e d  w i t h  7 m L  d r y  d ioxane  a n d  s u s p e n d e d  in  10 m L  
of  th is  so lven t .  T h e n ,  1 g N - h y d r o x y - s u c c i n i m i d e ,  2 g di -cyclohexyl-car-  
b o d i i m i d e ,  a n d  abou t  10 m m o t  of t he  space r ' s  free a m i n e  in  10 m L  d r y  
d i o x a n e  w e r e  a d d e d .  Af te r  16 h of s t i r r ing ,  t he  solid s u p p o r t  w a s  w a s h e d  
tw ice  w i t h  d i c h l o r o r n e t h a n e / m e t h a n o l  (25:1) a n d  five t imes  w i t h  10 m L  
d i o x a n e .  Nex t ,  t he  es ter  w a s  h y d r o t y z e d  w i t h  10 m L  of 0 .1M N a O H  at 
40~  d u r i n g  2 h .  

T h e  mod i f i ed ,  solid s u p p o r t  w a s  p r e p a r e d  for  e l e m e n t a l  analys is  by  
w a s h i n g  it t h o r o u g h l y  w i t h  10 m L  p o r t i o n s  of a 0 .1M HC1 so lu t ion  d u r i n g  
severa l  h o u r s .  T h e  t i m e  in te rva l  b e t w e e n  t w o  w a s h i n g  ba tches  w a s  a b o u t  
ha l f  a n  h o u r ,  because  equ i l i b r ium is n o t  immed ia t e ly  e s t ab l i shed  (33). 
Af te r  t he  w a s h i n g  p r o c e d u r e ,  d r y i n g  of t h e  s u p p o r t  w a s  car r ied  o u t  u n d e r  
v a c u u m  (1 m m  H g )  at 30~ for  at  least  16 h .  

Via  m a s s  ba lances ,  w e  de r i ved  a n  e q u a t i o n  w i t h  w h i c h  t h e  l i gand  
c o n t e n t  (e i ther  spacer  or  PMB) o n  t he  ion  e x c h a n g e r  cou ld  be  ca lcula ted  
f r o m  the  w e i g h t  f rac t ions  of n i t r o g e n ,  ca rbon ,  or h y d r o g e n  in  t he  carr ier  
(Eq. (1)). These  w e i g h t  f rac t ions  w e r e  e s t i m a t e d  w i t h  e l e m e n t a l  analys is  
be fo re  a n d  af ter  a n  immobi l i za t ion .  

C = Xi,2 - Xi,1 J h i '  Ai - Xi,2" ( M - 1 8 )  (1) 

w h e r e  C is the  l i g a n d  c o n t e n t  in  m o l / g  s u p p o r t  before  reac t ion ,  Xj is t he  
w e i g h t  f rac t ion  of e l e m e n t  i, M is t he  l i g a n d ' s  mo lecu l a r  w e i g h t  i n  g / tool ,  
Ai is t he  a tomic  w e i g h t  of e l e m e n t  i in  g / m o l  a n d  ni  is t he  n u m b e r  of  a t o m s  
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i in the ligand. The indices I and 2, respectively, indicate the weight frac- 
tion determined before and after immobilization reaction. 

For the derivation of this expression, we assumed that only one ligand 
(spacer or PMB) at a time was coupled to the carrier by way of condensa- 
tion reactions. If the ligand content on the carrier is to be calculated from 
hydrogen weight fractions, then ni is the number of hydrogen atoms in 
the ligand minus two for each of the ligand's amino group that is involved 
in a condensation reaction. 

Immobilization of Polymyxin B 
PMB was covalently bound to the carrier by way of a condensation 

reaction between one or more of the PMB's primary amino groups and 
the carboxylic groups of the solid support. This reaction was effected by 
the water-soluble carbodiimide (17), 1-ethyl-3-(3-di-methyl aminopropyl)- 
carbodiimide (EDCI). For the coupling procedure, we dissolved 96.3 mg 
PMB in 5 mL of a diluted HC1 solution (pH= 5.6). This PMB solution was 
added to 569 mg wet ion exchanger and then 1.5 g EDCI was added. The 
reaction was allowed to proceed for 16 h under stirring. 

The effluent from the condensation reaction was collected in a 50 mL 
flask. Then, the ion exchanger was carefully washed with several 5 mL 
portions of O.05M HC1 containing 1M NaC1. These solutions were com- 
bined in the same 50 mL flask, and the volume was made up to 50 mL 
with distilled water. The PMB content on the carrier was determined with 
two methods. 

On one hand, the PMB content on the carrier was estimated by differ- 
ential measurement. The PMB concentration in the collected solution was 
determined with HPLC and substracted from the PMB amount that was 
added before the immobilization reaction. The HPLC analysis of PMB was 
performed with the same kind of column used by Elverdam et al. (18). We 
adapted the column's length, 10 cm in our case, and the mobile phase com- 
position, which was the same as described by Whall (19). The unknown 
PMB concentration in samples was derived from a calibration curve. 

Oft the other hand, the PMB content on the carrier was calculated 
from elemental analysis data. Portions of the modified support subjected 
to elemental analysis were prepared following the same procedure for the 
carrier with immobilized spacer arms. Again, the PMB content on the 
solid support was calculated with Eq. (1). 

After the immobilization procedure, a part of PMB's primary amino 
groups .was acetylated to show the importance of their protonated state in 
the binding of LPS. The acetylation procedure was carried out as described 
by Hiraki et al. (29). 

The degree of acetylation of the primary amino groups of immobilized 
PMB was calculated from the difference in primary amino group quantity 
on the carrier before and after the acetylation procedure. The amount of 
primary amino groups on the ion exchanger was estimated with the 2- 
hydroxy-l-naphtatdehyde method (30-32). 
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LPS Adsorption Experiments 

The adsorption of LPS was performed in batch experiments with por- 
tions of ion exchanger that were differently modified, that is, either with 
or without spacer arms or with or without  PMB. The adsorption time was 
16 h. The solid support  portions were carefully washed before use with 
several 10 mL portions of 0.1M HCI and once with 10 mL distilled water. 

The amount  of adsorbed LPS was determined by differential measure- 
ment  of the dissolved LPS quantity. After acid hydrolysis and successive 
reaction with phenol,  LPS could be quantitatively detected with a spectro- 
photometer  (28). The unknown LPS concentration was derived from a 
calibration curve. The standards contained between 50 and 400 ~g LPS. 

There are many analytical methods  for the quantitation of LPS in solu- 
tions (1,25-27). However, most of these methods are not  suitable for stan- 
dard use, because they are too complex or sensitive for other components  
than just  LPS. The analysis method with phenollsutphuric acid is suitable 
for standard use and the method is sensitive enough for our experiments. 
The detection limit is about 10 #g LPS from E. coli 0111:B4. 

RESULTS AND DISCUSSION 

The main aim of our research can be separated into two parts. First, 
the ion exchanging resin Amberlite IRC-50 was to be modified with PMB 
in such a way that it could be used as an adsorbent for bacterial LPS. This 
Amberlite IRC-50 was macroporous in structure and contained 10 mmo l  
carboxyl groups/g  dry resin. Second, we wanted to investigate the bind- 
ing mechanism between LPS and immobilized PMB and show the rele- 
vance of the primary amino groups of immobilized PMB in establishing a 
strong interaction with. LPS. 

IMMOBILIZATION OF SPACER ARMS 

�9 Before the spacer, EACA, was covalently coupled to the ion exchanger, 
its corresponding ethyl ester was synthesized. This esterification has two 
important  functions. The most evident function is to prevent polymeriza- 
tion of the spacer in a one-pot immobilization procedure. But, the most  
striking function may be the solubilization of the spacer. Normally, EACA 
would be only soluble to a great extent in water, but  after esterification 
the spacer is soluble in many organic solvents. 

We adjusted the method of Rothe et al. (23) for the synthesis of EACA's 
ethyl ester. In our  procedure, a rapid, almost quantitative precipitation 
(>95%) of the HClosalt of the spacer 's ethyl ester occurs. This product  
can easily be purified by washing it with ethyl ether and then drying it 
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under vacuum. A 13C-NMR spectrum of the spacer revealed that its ethyl 
ester had been synthesized (Table 1) and that the product was of a high 
purity state. 

The main advantage of the adapted procedure is that the total synthe- 
sis time is shortened, because two time consuming purification steps can 

�9 be eliminated (the HC1 removal with ammonia and a vacuum distillation). 
The free base of the spacer's ethyl ester, necessary for the coupling 

reaction, can be liberated by the addition of an equimolar amount of tri- 
ethyl amine to a dioxane solution that contains the ester's HC1 salt. The 
triethyl amine HC1 salt will be formed and this will precipitate. After filtra- 
tion, the ester's free amine will remain in the dioxane. 

The activation of carboxyI groups with di-cyclohexyl carbo-diimide 
(DCC) and N-hydroxy succinimide (NHS) is a widely used method in 
peptide synthesis (20-22). This procedure was also applied in our experi- 
ments to activate the carboxyl groups of Amberlite IRC-50. 

One disadvantage of this activation procedure is that DCC not only 
reacts with carboxyl groups, but also with NHS (24). In this way, a by- 
product, succinimidoxycarbonyl-fl-alanine-hydroxy*succinimide ester, is 
formed as a precipitate. Although this byproduct is hardly soluble in 
almost every organic solvent, it could be removed with a mixture of di- 
chloromethane and methanol (25:1). 

Although it was expected that the byproduct would plug up the pores 
of the ion exchanger, it turned out from our calculations, which are to be 
discussed later, that the conversion is 70%. This is high enough to assure, 
finally, that most of the antibiotic is bound to the carboxyl groups of the 
spacer arm and not to the ion exchanger itself. 

QUANTITATIVE ANALYSIS 
FROM ELEMENTAL ANALYSIS DATA 

Carriers that are to be subjected to elemental analysis must meet some 
requirements. First, the number and structure of immobilized Iigands 
must be known. Second, all carboxyt groups must have the same counter 
ion. In our experiments, the solid support is carefully washed with a very 
pure HC1 solution so that protons function as counter ions after the sup- 
port was dried. 

The accuracy of the calculations from elemental analysis data can be 
estimated theoretically. A convenient parameter for this accuracy is the 
relative error in the spacer concentration, RE, caused by an uncertainty in 
the involved weight fraction, 4X. RE can be derived by differentiation of 
Eq. (1) in X2. This yields Eq. (2). 

RE = 1 / C .  dC/dX2.6X2 

= ni' Ai - Xi,a" (M - 18) / [Xi,2 - X~,a] ' [ni-Ai -- Xi,2" (M - 18 ) ] .  ~X2 (2) 
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Fig. 1. Theoretically estimated relative error (RE) in the carrier's spacer 
content calculated from elemental analysis data. RE is shown for calculations from 
the weight fractions of nitrogen ( - - - - ) ,  carbon (----), and hydrogen (------). 

A maximum value of 6X2--0.003 was found by experience. By combi- 
nation of Eqs. (1) and (2), RE can be calculated as a fur~ction of C, which 
was carried out for the immobilized spacer (Fig. 1). It may be clear from 
Fig. 1 that calculations from elemental analysis data are not accurate if the 
ligand concentration on the carrier does not exceed a certain minimum 
value. Another fact that appears from Fig. 1 is that  an accurate spacer 
content should be calculated from carbon and nitrogen and not from hy- 
drogen contents. Finally, it can be calculated that each curve exhibits a 
minimum in RE that is located at C= (M-18)  -1. So, the minimum in RE 
only depends on the molecular weight of the immobilized Iigand. 

We calculated with Eqs. (1) and (2) that 7.0 mmol spacer was coupled 
per i g dry ion exchanger (RE -- 10%) and that 0.18 mmol PMB was coupled 
to i g of this dry support (RE -- 13%). From HPLC analysis, we determined 
that this PMB content was 0.20 mrnol/g dry, spacer-containing ion ex- 
changer. The latter content is the most reliable one, because there are two 
uncertainties in the calculations from elemental analysis data: PMB's exact 
molecular weight is not known (the PMB we used consisted of PMB~, 
PMB2, and PMBs (7,8)), and a little N-acyl urea from EDCI is probably 
formed on the carrier. But, although the PMB content is calculated from 
HPLC analysis data rather than elemental analysis data, the latter gives a 
very good approximation. 
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Fig. 2. A linear calibration line for the quantitative determination of PMB 
was produced with the adapted HPLC system. 

If another component than the spacer or PMB is immobilized simul- 
taneously on the support, all necessary equations can be derived in an 
analogous way. As these equations become very complicated, they are 
not mentioned here. 

QUANTITATIVE ANALYSIS OF PMB WITH HPLC 

The choice of a Nucleosil RP 18 column and a phosphate buffer as 
mobile phase resulted in an effective, rapid, and cheap chromatographic 
system for the quantitative analysis of PMB. The number  of theoretical 
plates per meter (N= 23,500) was in the same order of magnitude as the 
value obtained by Whall (I9). The resolution was h igh  enough for com- 
plete chromatographic separation of PMB and the peak heights formed a 
linear function of the injected amount  of PMB (Fig. 2). 

In the procedure of coupling PMB with EDCI, the excess of EDCI re- 
garding PMB should not  exceed 100, because this may result in an incom- 
plete chromatographic separation of PMB from EDCI's urea derivative. 
This urea derivative is formed during the immobilization procedure and 
elutes before PMB. If the excess of EDCI used for the reaction is too high, 
the elution parameters must  be adapted to maintain complete chromato- 
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Table 2 
Adsorption of LPS from E. coli from a Phosphate Buffer at pH--7.0 and T=20~ 

during 16 h With Four Differently Modified Portions Amberlite IRC-50 ~ 

Immobilized ligands LPS adsorption 

EACA, mmollg Polymyxin B, mmolJg ~ Adsorbed LPS, mgfg 

- -  - -  0.04 
- -  0.12 0.19 
7 - -  0.21 
7 0.20 2.4 
7 0.20 1.2 c 

aLigand contents are defined per gram dry support, whereas the amount of adsorbed 
LPS is defined per gram wet support. Water content is about 50%, 

bDetermined with HPLC. 
CArter 25% acetylation of PMB's primary amino groups. 

graphic separation of PMB. Generally, this will result in an increased 
analysis time that is not  suitable for standard PMB analysis2 

L P S  A D S O R P T I O N  E X P E R I M E N T S  

PMB was immobilized on Amberlite IRC-50, eventually after immobil- 
ization of a spacer. Four differently modified portions Amberlite IRC-50 
were used in batch experiments to adsorb LPS of E. coli dur ing 16 h from 
a buffer solution at pH--7.0 and T=20~ (Table 2). 

The LPS adsorption under  the same conditions as a function of time 
was carried out in batch experiments with several portions of ion exchanger 
that contained 7 mmol/g spacer arms and 0.20 mmol /g  PMB (Fig. 3). The 
results reveal that spacer arms are necessary to obtain a pronounced LPS 
adsorption. Nevertheless, it is clear that the LPS adsorption is a rather slow 
process, probably owing to a restricted diffusion of LPS into the adsorbent. 

M E C H A N I S M  O F  C O / ~ P L E X  F O R M A T I O N  

The bindhng sites for the formation of a strong complex between PMB 
and bacterial LPS in solution have already been determined by analytical 
techniques such as NMR (34-36). It is generally accepted that the forma- 
tion of a strong complex between both macromolecules is based on tipo- 
philic, as well as electrostatic, interactions. Morrison and Jacobs (11) al- 
ready st~owed that the primary amino groups are essential in establishing 
a strong interaction between PMB and LPS. 

One might  expect that the long sugar backbone of LPS would prevent 
its negatively-charged groups to approach the protonated primary amino 
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Fig. 3. Time course of the adsorption of LPS from E. coli with the modi- 
fied ion exchanger. The LPS was adsorbed during 16 h from a buffer at pH = 7.0 
and T=20~ The modified solid support contained 7 mmol/g spacer and 0.20 
mmol/g PMB. 

groups of immobilized PMB close enough to establish significant electro- 
static interactions. In that case, the binding between LPS and immobilized 
PMB would be owing to lipophilic interactions between the acyl chains in 
both macromolecules. We found that steric hindrance is clearly present as 
the LPS adsorption capacity is significantly improved upon insertion of 
the spacer. In all other experiments, when no spacer is used, the adsorp- 
tion capacity is much less. But, on the basis of the results mentioned in 
Table 2, it is not clear whether electrostatic interactions have to be taken 
into consideration in the complex formation. It is still possible that the 
binding only arises from hydrophobic interactions between the fatty acid 
chains of both LPS and immobilized PMB. 

To investigate the role of electrostatic interactions in the complex for- 
mation, a part of the primary amino groups of immobilized PMB was 
acetylated. It turned out that the LPS adsorption capacity halved upon 
25% acetylation. Thus, it can be concluded that the mechanism of binding 
between LPS and immobilized PMB is based on the same kind of interac- 
tions as if both macromolecules were freely dissolved. This implies that a 
very stable and strong complex is formed between LPS and immobilized 
PMB, confirmed by the fact that the LPS adsorbent could not be regener- 
ated with the commonly used sodium deoxycho]ate (15). 
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The formation of a strong and stable complex between LPS and im- 
mobilized PMB is in favor of the adsorbent 's  selectivity toward LPS in the 
presence of other components,  such as phospholipids and proteins. The 
performance of the LPS adsorbent in the presence of other dissolved com- 
ponents  has yet to be investigated. If the selectivity is still significant in 
that case, the adsorbent finds its application in the LPS removal from 
serum, and solutions that are used in biological experiments. 

StlMMARY 

Convenient  immobilization procedures are reported for both spacer 
and PMB on Amberlite IRC-50, which is a chemically- and mechanically- 
stable ion exchanging resin with a macroporous structure. Furthermore, 
we describe the performances of this modified support  as adsorbent for 
bacterial LPS from aqueous solutions. Finally, we report that electrostatic 
interactions are important for complex formation between LPS and im- 
mobilized PMB. 
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