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ABSTRACT

The syntheses of three different cellulose ang agarose
derivatives were investigated, namely, cellulosze sulphate, N-(6-
aminohexyl}-2-naphthalenesulphonamide (2-ANS) cellu!o;e and cellulase
and agarose with multiple carboxyl groups.

in the case of celiulose sulphate, an attiemot was made to find a
sulphating reagent and conditiens for a commercially convenient method
of preparing a cellulose derivative with a sulphate substitution level
of 3.5 meq/g. This synthesis was found to require the contro! of at
least one of the foilowing fectors: {(aj) water present in the system,
(b)Y the aquantity of sulphating reagent and (c} temperature. The

tability of the sulphated cellulase In O.08M sodium hydroxide at 83°C

mn

aver 28 days was also evaluated., [t was found that the sulphate
substitution level deereazed linearly over 4 weeks at the rate of 1%
per day.

Two toutes of preparing 2-ANS-c2ellulose derivative were studied,
namely, (1) the coupling of 2-ANS to spoxide activated cellulose and
(2} the coupling of 2-naphthalene sulphaonyl chloride (2-N5C1) tc
diaminohexyl (DAH)-éellulose. Both methods of synthesis were found to
be equally feasible. However, the former method reguired the prier
multi-step preparation of 2-ANS, while the latter method was carried
out stepwise on the celluloss matrix. The excess reagents were readily
washed away before the next step was undertaken. Also, the praparation
of 2-MNSC! from sodium 2-naphthalene sulphonate was quantitative. The
capacity of these 2-ANS-cellulose derivatives for bovine secum albumin
(B5A) was also investigated. The products prepared by method I showed
a much lawer capacity (0.05 - 0.38 gB85SA/g) for BSA than those prepared

by meihod 2 (0.49 ~ 0.78 gBSA/g).
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The syntheses of cellulose and agarose derivatives containing
alpha (AY- and beta (Bl-citryihexamethylenediamine (CM,D), aspartic
acid (Asp) and B-aminohexylaspartate (Asp-AH) groups were investigated
using both epoxide and 1,17 -carbonyldiimidazole (CDIl} activation
procedures. The use of these products for the purification of bovine
lagtoferrin (Lf) was assessed. The nature of the binding action of Lf
to the CHM.D-matrices was also studied. !t was found that (a’} high CHM,D
substitution level on the matrix, (b} high porosity of the matrix and
{(c) the removal of additional «cationic properties from the matrix by
replacing the basic nitrogen linkage resulting from the epoxide
activation by a non-basic wurethane linkage resulting from CDI
activation, led to an increase in the strength of Lf binding ta the
derivative, The vresults alsc suggested that the Lf binding was
predominantly ionic in nature. Finally, it was found that Lf
purification on A-CM,D-agarose gave a product of higher purity than

that on Asp-agarose and Asp-AH-agarose.
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SECTION 1t

GENERAL [NTRBDUCTION

1.1 Fractionation and purification of proteins and enzymes

.The fractionation and puri{fication of proteins and enzymes are
necessary in biochemical research. They require the application of
high resoiutiﬁn and mild separative techniques. High resolution
techﬁiques are required a% these molecules are usvally found ih highly
complex mixtures. Proteins and enzymes are sensitive to changes in
thefr environment and the techniques used, therefore, need to be mild
‘50 as not to disturb the functional properties of these molecules [1).

The separation of these bicmacromolecules 1s most widely
achieved by chromatography [(2}. Chromatographic separation is based on
" the different rate of movement of molecules in two different phases,
namely, stationary and mobile phases. The commaonly u%ed technigques
inciude ion-exchange, gel tittration, affinity andg hfdrophobic

interaction chromatography.

i.2 Bagic principleg of ian-exchange, gel filtration, affinity and
hydrophobic interaction chromatography

[n ion-exchange chromatography [1,3,41, the separation ig
achieved on the basi;‘af the differing polarity of molecules. The ion
exchanger is an insoluble matrix containing covalently bound chargad
groups. The mabile counter ions associated with the wmatrix can be
reversibly exchanged with other i{ons of the same charge. Basically,
there are two classes of iaon exchangers, namely, cationic gnd anionlc
ion exchangers. Some of the common functional groups used in ion

exchangers for the separation of biomacromolecules are given in Table

1



1.1. Strong ion axchéngers arg thoss whare the functional group is

completely ionized over a wide pH range while the degree of ionization

of the weak ones is more dependent on pH.

Table t.1 : Some functional groups used in ion exchangers

Class Functional group Type Structure

cationie suiphopropyl (SP) strong ~(CHz ;805"
phospho (P) intermediate -0OPO;H-
carboxymethyl (CM) weak -CH, €00~

‘anionic dlethylaminoethy! (DEAE) weak ~(CH, }, N* HEL;
quaternary aminoethy strong -{CHz2 ), N*"Et.CyH,OH
(QAED

Proteins and enzymes are complex molecules with différing
degrees of charge depending on the number of ionie¢ groups present In
the polypeptide chain. They are amphoteric in chgracter, tha} is, they
can be either negatively or positively charged. The actual effective
ch;rge on them {s dependent on the pH and at a particular pH, known as
the iscelectric point, the net charge 1is zero. The class of ion-
exchangers selected for the adsorpéion of these bicmacromolecules is
dependent on the pH (see Figure t.1). The adsorption and descrption is
then brought about by altering conditions such as joniec strength and
pH.

in gel fittration (or size éxclusion) chromatography (4,5,61,
the separation of the biomacromcliecuies 1is brought about by their
difrering ability to distribute between the mobile phase and the

tigquid situated {in the pores of ‘the matrix. The volume betwaen the



matrix particles {3 avalilable to all melecules but access to the pors
velume of the selected matrix is Ilimited to molecules of smaller
sizes. The very large molecules are, therefore, eluted most rapidiy
while the small molecules can easlly enter unhindered Into the
avajlable pores. They are, thus, subjected to the greatest detay.

Hence, molecules are eluted in order of decreasing molecular size.

Figure 1.1 : The net charge of a protein as a function of pH [31]

Net charge

s
tve

attached to cationic exchangers

g i
- i

isoelectric point

-—ve

attached to anionic exchangars

The term affinity chromatography [7-3]1 is wusad to describe
separations that are based on biospecific interaction between the

biomacromolecutes and an immobilized ligand. This ligand may be an

3



gnzyme substrate, enj}ma inhibitor, snbtigen or leatin. Ideally, 1t s
covalently attached to an insoluble Inert matrix via a spacer arm‘of
usually six carbah chain length, [t will then only Interact with thg
desired biomacromolecule for which it has an affinity, When the
adsorption is.complete, the impurities are washed off the matrix with
the starting buffer. The affinity bound material {s recovered by
elution with a new burfer of different pH or ionic strength,
Alternatively, the eiution may be carried out with a buffer containing
the soluble iigand or another ligand far which the biomacromolecule
has a higher affinity. The latter made of .specific elution is
preferred but it Is not always possible fo abply in practice.

The separation of biomacromolecules by hydroéhobic interaction
chromatography {9-111 relies on their ftendency to associate in aqueous
solution. Generally, proteins and enzymes are folded tn such a wmanner
-as to bury mest of the hydrophebic sidechains in the interiar of the
molecﬁle while most of the polar sidechains are exposed on thel
surface, Some hydrophobic groups remain exposed at the surfacé forming
hydrophobic patches or pockets. These patches can interact with
hydraophobic ligands immebi{lized onto a suitable matrix to form
"hydrophoblic bonds™. Adsorption of the plomacromolecules by
hydraphobic interaction {s enhanced .with increasing ionic strength and
a pH which fs close to the isoelectric point. Desorption af the
desired protein or enzyme can be achleved by varying ionic strength,
pH and the polarity of the =eluent. A& decrease in the polarity of the
eluent, ftor example, by the addition of ethylene glycol weakens the
hydrophobic interaction. Hofstee gt al.[12] have suggested the use of
an increasing hydrophobicit; gradient for binding proteins so0 that the
subsequent elution would be carried out under mild conditions uithou£

the danger of denaturation of the bound proteins.

h



1.3 Characteristics of matrix

The characteristics desirable in a good matrix or suppﬁrt tor
the chromatogfaphic methods are described beleow [3,6-81.
i. The matrix sheould be insoluble under operéting conditions.
Generally, the isolation and purification of proteins and enzymes is
carried out in an agqueous medium. Hence, the matrixz should be
insoluble in agqueocus solution of varying ionic strength and pH.
2. The matrix should be hydrophilic. Hydrophebic interactions should
be wminimized as they tend to complicate the adsorption of the
bioﬁacromolecules and to cause their denaturation. It ls best that the
matrix ig swellable or, at least, highly wettable with water.
3. The matrix should be stablie to mecﬁanical, physical, chemical and
microbial degradation. This stability should extend aver long periods
of time and under a rangs of pH, temperature and ionic strength so as
to ensure ft can be used repeatedly. Mechanical stabiiity ensures that
it is not deformed by the forces exerted by the ‘tlow of eluent.
4, The matrix should be inert and neutral. These characteristics are
desirable for they eliminate non-specific ionic interaction.
5. The matrix should consist of particles which are rigid, uniform
and spherical with good flow propeﬁties. The uge of irregularly shaped
particles results din band broadening because of the unequal paths
taken by-the biomacromolecules to be separated. -
6. The matrix shquid be porous. This permits unimpaired diffusion of
the biomacromolecules and consequently, maximum interaction with the
matrix surfacés. In gel filtratioen chremateography, the pore size of
the matrix determines the fractionation range. In affinity
chromatography, large pores matrices are particularly important for

maximum ligand-biomacromolecule interaction.
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7. The matrix should havs an ampIé supply of .chemical groups
available for covalent coupling with a variety of ligands ghere‘ a
modified matrix is required.
8. The matrix should contain a low density of modifier groups so as
to aliow the élution of the biomacromolecuies under relatively mild
conditions and thereby, prevents their denaturation.

tt 1s obvicus that no matrix will have all these desired
characteristics. There are various types of matrices in use (sse Table
1.2 énd a discugsion on them is found elsewhere (4,5,22. The matrices

used in this project are cellulose and agarose. Their advantages - and

limifations are briefly discussed below.

Table 1.2 i Some chromatographic matrices in use

Type Example
Biopolymers (polysaccharides) agarese, cellulose, dextran
Synthetic poiymers potyacrylamide, polystyrene
inorganic materials silica
Biopolymers/synthetic copolymers agarose polyacrylamide
Inorganic materials/organic polymers silica/hydrophilic copolymers

“1.¢ Celtlulose

Cellulese is a polysaccharide containing beta-1i,4-linked D-
glucose units with occasional 1,6-bonds ([13] (Figure 1.2). Native
celiuiose contains microcrystaliine regions interspersed with
amorphous regibns. The former regions result from extensive hydrogen
bonding bestween the adjacent linesar polysaccharide chains. While, in
the latter regions, there 1is less hydrogen bonding. The early

commercial native cellulose wused was a dense fibrous powder of



irregular shape [3,14,151].

Figure 1.2 : Partial chemical structure of cellulocse

Sober and Peterson (161 were the first to use cellulose fof the
_ion-exchange chromatographic separation of proteins. Since then, other
f&rms viz native fibrous (17}, microgranular fi?], microc;ysta]line
i3] or regenerated [18,18] have become available for various
cﬁgomatographic appllications.

The cellulose matrix used 1in this project was a cross-linked
hydroxypropylated oeliuiosg (HP—cef!ulose) prepared from regenerated
celliulase by reaction. with propylene oxide and epichlorohydrin in the
presence of sodium hydroxide (20,211 (Figure 1.3}, Regenerated
celluloge is a particulariy robust, resilient and long-lasting form of
cellulose capable of withstanding high operating flow rates [19). The
one which was used in this project was made via the xanthate

derivative [15,21].



Figure 1.3 : Typical! reactions for preparation of cross-linked-HP-
cellutose E21]

R, \ A H
- OH C(z?CHCH; -0-CH, CHCH; [~
- 0H + NaQH -0H ete-0-
2 ——— e e
O H, 0 FO-ete
z’o\ H :
-0 CH,; ~CHCH: C1 -0-CH, - H*CH:=O-EH~CH;-Oﬁ
i W H: | g P
Cellulose CL-HP-Cellulose

insoluble in water

The HP-celiulose has previously been used to prepare several
derivatives 1including DEAE-cellulose and CHM-cellulose [19,22]. The
advantages of using HP-cellulose are - [21]:

i, [t is hydrophilic and can be easily modified chemically via the OH
gréups.

2. 1t is mechanically, chemically and physically stable. It 1is free
of noticeable compression in columﬁ appilicatiens. It is resistant to
dilute aqueous sodium hyd;oxide and is stable to repeated handling and
mechanical stirring.

3. The hydroxypropy! cross-linking of the cellujoss gives it gel-like
properties, enhanced poresity and stability to microbial degradation
compared to the starting regenerated cellulose.

4. It is vrelatively cheap because cellulose is such én abundant
natural material., It has good flow properties.

Hence, it is a good choice for industrial scale application.
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However, the porosity of the HP-celluloese {3 much lower than
that of agarose [21] which has limited its applications mainly to ien-

exchange chromatography.

1.5 Agarose

Native agarose is isclated from a complex mixture of charged and
neutral polysaccharides referred to as agar. it is a linear water-
soluble polysaccharide consisting of atternating residues of 1i,3-
linked beta-B-galactose and 1,4-1inked-3,6-anhydro~L-galactose [9,13]

(Figure 1.4).

Figure 1.4 : Partial chemical structure of agarose

C H,OH

HO

The agarose gels are available In bead, pellet or spherical
forms which are made from the spontanecus gelation of aqueous, agarose
solutions cooled to below 50°C [8). The gel structure is thought to be
composed of highly ordered fibres or bundies resulting from the

aggregation, through hydrogen bonding and hydrophobic interaction, af
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the double helix formed by the polysaccharide chains (Figure 1.53. The
resulting structure is macroporous and hence, aliows the relative free

diffusion of biomacromolecules [15,231.

Figure 1.5 ! Schematic representation of gelation of agarose

heat

.
7 e
S

sol stafe initial gel

The agarose matrices used in this project were Sepharose 6B and
Sepharose 6B-CL. Sepharose 6B Eontains about 8% agarose £S].
Sepharose B6B-CL is the ocross-linked product of Sepharose BB. [t is
made from the latter by reaction with 2,3-dibromopropanol in the
presence of alkali to produce cross-linking. !t is then subjected to
alkaline hydrolysis wunder reducing condlitions to remove sulphate
groups and give a product with an extfemely low content of ionizable
groups (3,51,

Like the celluloses, these matrices are hydrqphilic and contain

readily modifiable OH g}oups. They are mechanically, chemically and
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physically stable (Table 1.33). Because of their macroporous structure,
their porosity Iis much higher than that of cellulose {8]. Their
molecular weight exclusion iim;t is of the order of & x 10* for
proteins [5]2_Generally, they do not exhibit non-specific binding of
proteins. However, any weak non-speciflc interactions noted coutd be
due either to the residual suiphate and carboxy! groups wvia the estar
in position 68 or to hydrophobie interactions, probably resulting Tfrom
the ether bridge of the anhydro-galactose unit [(S]. They exhibit good
floew properties. Generally, they are resistant to microbial attack due
to the unusual sugar 3,6-anhydro-L-galtactase. However, .an
antimicrobial .agent is wusually added in prolonged experiments and

during storage in the swollen state [S1.

Table 1.3 : Stabilities of Sepharuse 68 and 6B-CL [5,31

Sepharose 6B Sepharose 6B-CL

pH- 4 -9 ' 3 - 14

Temperature below 40 helow 70

range (°C)

Solvents stabie in stable in

: agueous soclutions with agqueous solutions with

high ionic strength, high ienic strength,
urea, guanidine,HCl, urea, guanjidine.HCl,
detergents; detergents over pH 3-11;
DMF-H, 0O (1:1), organic solvents.
Ethylene glycoci-Hz0
(i:1)

Sterilization not autoclavable autoclavable at pH 7,

120°C
Chaotropic ions tow stability high stability

(ag. KSCN)
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Sepharose 6B is sensitive to extremes of pH, temperature and
golvents and unstable to- continuous mechanical disruption. A leakage
of the covatlently attached ligand may also result on prolonged washing
(243, The crqss—linked product 1s more stable towards extremes of pH,
temperature, solvents and mechanical disruption [5), Generally, they
may be hydrolyzed wunder oxidizing conditions (3,5)]., Comparad ta the
celluloses, they are wvery much more expensive and less robust to
mechanical disruption. Hence, they are less suitable for industrial
usage.

1.6 Nature of project

This project was an investigation of the synthesls of thrse

different types of matrix derivatives, namely,

1. celluiose derivative containing sulphate groups {(section 23,

2, cellulose derivative containing N-(G-aminohex;l)~2“naphthalene—
sulphoﬁamide groups (section 3} and

3. cellulose and agarose derivatives containing carboxy! groups
(section 43.

It- was the intention of the work in sectiaons 2 and 3 to
establish the optimal conditions for preparing the derivatives stated,
This work was carried.out with the ultimate aim of the products being
useful for industrial applicationé. This orienta£ion influenced the
direction of the project. Whenever possible, fthe attempt at synthesis
and the choice of starting materials were directed to devising methods
of synthesis that were simple and cost efrfective.

Thé work reported in Section 4 inveolved not only the preparation
of speclal carboxylic acid derivatives of various matrices but also an

investigation of their use for purifying bovine lactoferrin.
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