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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

9



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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SECTION 2

AN EMPIRICAL STUDY OF THE SYNTHESIS OF SULPHATED CELLULGSE
INTRODUCTION

2.1 Sulphated cellulose and {its appiications

The usual derivatives aof cellulose used as cation exchangers for
protein chromatography are phosphate, carboxylatg and sulphonate. The
sulphated ceilulose is a less commonly used cation exchanger. But,
it has been used in this laboratory for the gelective removal of
iip&proteins from bleood plasma cor serum [25-27].

Blood lipoproteins [28) play an important role in several
biolegical activities such as lipid metabolism and the inhfbition of
procaagulan£ activity of tissue factor. Also, plasma lipoproteing
concentration profile {s known to alter significantly in diabetes
mellitus, hypothyroidism, glycogen storages defect, obstructive
jaundice and coronary artery disease, They are biocheéicaily and
medically ;mpartant; The sulphated c¢ellulose readily Isolates these
biood lipoproteins as well as provi&es a simple methad for their
quantitication.

In addition, the fractlionation and recovery of the varicus other
types of proteins from blood is commercially important. However, the
selective recovery of these other proteins is often complicated by the
presence of lipoproteins. The sulphated cellulose developed is a high
capacity lon exchanger capable of selective removal of lipoproteins
from serum.

Recently, a c¢ross-linked, sulphated poly (vinyl alcohol) has

been reported as being used tfor the same purpose [281. Also, the
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suilphated celiulose has been used in the purifjication of viruses [30-

3217.

2.2 Sulphation of HP-cellulose

Suipha£ed polysaccharides are most often prepared by reacting
the polysaccharides with a Lewis base complex of Sulphur trioxide
under anhydrous conditions ([33]. Sulphur trioxide 1is a strong Lewis
acid and caombines readily with a Lewis base to form an "adduct™ or
"complex™ [34]. The Lewis bases used range from very weak ones such as

dioxane, DMF or DMS0Q to stronger ones like the tertiary amines,
ReN + 8§03 ———=  RsN"-S0;- (2-1)

The reactivity of the sulphating reagent decreasad with increasing
strength of the Lewis base with which the sulphur triowide is
combined. In the sulphation of polysaccharides, the sulphur trioxide
is "released™ and the base forms the salt of the new monoester of
sulphuric acid, thereby avoiding acidic conditions which ma; otherwise

hydroiyze the polysaccharides. For example,
Cell-O0H + RyN*-80;- =———— Ceail~0505"R;NH" (2~2)

2.3 Commercial preparation of sulphated HP-cellulose

The only insoluble sulphated <celluloses currently available
commercially are [INDION™™ sulphated celluloses (SA 5.2 and Sa 3.5)
manufactured by Waitaki International. Bicsciences Limited [(35]. They
are made from HP-cellulose (see Section 1.4) by reaction with pyridine
sulphur trioxide complex (py-50;) in DMF., The axtent of the sulphation

of HP-cellulese is determined by the quantity of sulphating reagent
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used as shown in Figure 2.1 (see also Appendix 1).- The solid line
shown In Figure 2.1 comes from actual experimental resuits based on a
set of reactions of HP-cellulose (ig, batch 1248}) with py-S0; at 209C
for 23 hours [361. The dotted line to the left of it is a theoretical
one based on a completely anhydrous system. Uhilé, the one to its
right {s calculated for a system where the HP-cellulose and DHMF used

contain 2% and 0.1% moisture respectively.

Figure 2.1 : Effect of py-S0; on sulphate substitution

~ Sulphate substifution
level {meq/g)

6_.

Wormome — X, Theoretical curve for
anhydrous gystem
3 e Experimental curve
L_——-___A Theoretical curve for

system with known
wvater content

T ] | i

0 1 2 3 G 5
weight of py-503 (g}
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The intercept on the horizental axis and the position of the

solid line is thus dependent on the amount of moisture in the. systes,

for water consumes py-50; {37].
Py' ‘803' + HzD —_— pyH’HSD“ ) (2-3)

The freeze-dried HP-cellulose typically contains 0.5% moisture but, if
left exposed to the atmogphere for any length of time, it absorbs
another 5 to 6% moisture [25]. ‘The-DMF used has a water content of
fess than O.1% but it could .contribute s{ignifticantly to the actual
position of the scolid line shown in Figure 2.1.

SA 5.2 made by Waitaki has a sulphate substitution of 5 to 5.5
meq/g. This tevel of substitution is easily prepared reproducibly by
using an excess of py-S0; complex, that is, greater than 4g/g HP-
cellulose (see Figure 2.1)., The levelling off in the substitutiocn
obtainable presumably results after all the readily availabie hydroxyl
groups have been esterified.

On the other haﬁd, SA 3.5 has a sulphate substitution'af 3 to 4
meg/g. It is much more diffiéult to prepare reproducibly because of
the effect of small amounts of water i{f present. The solid line |in
Figure 2.1 is very steep in the 3 to 4 meq/g regioﬁ. The dotted lines
show the variation that couild occur for the HP-cellulose with O to 2%
moisture present and the DMF from 0.0 to G.1% water content., A fixed
amount of py-5S0; added to the reaction, for example, 1.2g complex/¢g
HP-cellulose could give a2 product with 2.8 to 3.9 meq/g depending only
on the moisture content in the system. .

An obvious solutien to this difficulty lies in the quality
contro! of raw materials going inte the reaction. This has been

achieved by Waitaki. However, previous work has indicated an
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alternative possibiiity might exist. |t has been found that the
reaction of HP;ceIiquse with an excess of trimethylamine sulphur
trioxide complex (Me;NSOy) {in DMF gave a product with a sulphate
substitution of about 4 meq/g at room temperature as shown In Figure
2.2 [36). It was found that even when the sulphating reagent, MeyNSO;
was used In excess, the substitution level did not rise beyond 4
meq/g. Since MesN is a stronger base than pyridine, its S0; complex is
tess reactlve than that of pyridine. It was hoped that by varying the
base used in the reaction, it would be péssible to furthec restrict

the degree of sulphation to about 3.5 meqg/g.

Figure 2.2 : Effect of Me; NS(; on sulphate substitution

Sulphate subsfitutian
level (meq/g)

5

/[T
!/

0 1 ) 3 5
weight of MegNSOy (g
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é.é Aims of this stuay
2.4.1 Preparation of 3.5 meq/g sulphated celluiocse

Since thé present mwethod for preparing INDION™ SA 3.5 is
critically dependent on the quantity, the purity and perhaps, the age
of the sulﬁhating reagent and the sclvent ({(see Section 2.3), an
attempt was made to find.a sulphating reagent and conditions for a
commercially convenient method of synthesis where:
i. an  excess of the sulphating reagent ¢ould be used so as to
etiminate the effect of small amounts of water, and
2. only readily available or relatively cheap reagants were used.

{t was hoped that a set of reagents might bg found where under
‘certain conditions, the sulphate substitution level might level off to

give a plateau region at about 3.5 meq/g as shown in Figure 2.3,

Figure 2.3 : Iideal!l effect of sulphur trioxide complex on sulphate
substitution

Sulphate substitutien
level (meg/g’

A

—

Amount of complex (g)
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The two commercially.available sulphation complexes are py-50; and
Me; NS0; . They are ohbtalned as stable but moisture sensitlive powders.
Since, from previous work {see Section 2.3), Me;NSl; was found to ba
gtill quite reactive, the effect of the presence of other silightly

stranger bases on the sulphation reaction was investigated. These

hases and their pKa's are listed in Table 2.1.

Table 2.1 : Basicity canstants of various amines [381

amine pKa tin H.8, 20°0C)
. Pyridine 5.18

Trimethylamine 9,31

Dimethylethylamine 10.18

. Triethylamine 10.78

2.4.2 Stability of sulphated celluloses
An additional aim of the work reported in this section was to
determine the stabillty of the sulphated HP-cellulose as alkyl

sulphates can be hydrolyzed, for exanmple,
Cell-050s~ Na* + NafOH ———= Cell-0H + Na: 50, {(2-4)
Since a potential commercial wuser was interested in the life of

INDION™™ SA products, the conditions wunder which they might be

hydrolyzed were investigated.
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EXPERIMENTAL

“2.5 Haterials an& equipment

The HP-celiulose 8-50 which 1is now marketed as "INDIONT" HP-10
celluloge" wa%.obtained from Waltaki International ‘Bioscienées Ltd.,
Christchurch, New Zealand. Trimethylamine-sulphur trioxide complex,
triethylamine and dimethylethylamine were obtained frem Aldrich-
Chém%e, Stainheim, West Germany. Pyridine-sulphur trioxide complex was
obtained from Aldrich Chemical Co., ine., Wisconsin, USA, Sodium
chior}de (AR} was obtained from May and Baker New Zealand Ltd., Mount
Mauriganui, New Zealand. Sodium hydroxide cﬁncentrate (AR) for making
Ii.OOH standard solution was obtained from May and Baker Ltd.,
bBagenham, England. Sodium borohydride °~ (AR} was obtained from Sigma.
Chemical Co., St. Louis, Missouri, USA., Dimethylformamide (DMF)  (AR)
was obtained from 4jax Chemicals, Sydney, Australia. !t was dried,
degassed and radistilled over calcium hydride before use.

Al titrations were carried out using an Autocburette ABU 11 from

Radiometer, Copenhagen, Denmark.

2.6 Preparation eof sulphated HP-celiulose
2.6.1 Method of preparaticn

The freeze-dried.celluiose (ig, batch 1177) was soaked in BHMF
(25ml) for 1 to 2 hours at 680°C or overnlght (18 to 20 hours) at reoom
temperature. The sulphur trioxide complex with trimethylamine (5g) oar
with pyridine (5.72g) was added to the pre-swollen cellulose in DMF. A
mole equivalent of EtyN(S5mil) or Me,NEt(1.9ml!) was also added when
required. The reactants were allowed to mix for 24 to 48 hours at a
constant temperature (4 te 50°C).

Then the cellulose derivative obtained was solvent exchangad
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from DMF to water as given in Appendix 2. The derivative was cenverted
into the sodium form for storage by washing it with 0.5M sodium
chioride solution followed by deionized water to remove excess sodiunm

chloride, for examptle,
Cell-080s-NH*Me; + NaCl—®=Cell-050sNa~ + MesN-HCI- (2-5)

2.6.2 Determination of suiphate substitution level

The substitution level of the derivative was determined by the
following method. A moist sample (5 to 10g) was washed with LM
hydrochloric acid (ca. 100ml) and then with déiqnized water (until
‘ veutral). 1t was dispersed in 0.5M sodium chloride solution-(gg. 10mi3
and tifrated with 1.00M sodium hydroxide solution to pH B. The samp}el
was transferred quantit;tively onto a weighed sintered glass. funnel,
waghed with Idei0nized water and freeze-dried. The sulphate

substitution level {(in meq/g}) was determined {(see Appendices 3 and 4).

2.7 Stability of HP-cellulase sulphate

The cellulose sulphate, (80g moist sample,. batch 1191) was
washed with 0.5M sodium chioride sclution to ensure that {t wag in the
sodium form followed by deionized water and drafned on a filter., A
pdrtion (5¢g}) of the-gample was weighed ingo a vial (25ml capacity).
Eight such vials were prepared. A solutien (20ml) of 0.iM sodium
nydroxide containing 0.1% sodium borohydride (w/v) was added to each
of the eight vials. The resulting mixtures were placed in an oven
maintained at 83°C, They were mixed occasionally,

At the commencement of the stability test, the substitution
levels of two samples were alsoc determined. At weekliy intervals, two

vials were removed from the oven and the cellulose sulphatés therelin
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Qere transferrad to sintered glgss filtsrs whoare they wsre washed with
deionized water. The substitutien level for each sample was éhen
determined according to the method described in section - 2.2.3; The
moist HP;cellulose sulphatei{5g) contalined about 4.5g water. When this
amount of ﬁater was taken into consideration, the effective

concentration of sodium hydroxide in the stability test worked out to

be ©.08M.

RESULTS AND DISCUSSION

‘2.8 Effect of wvariation of temperature and suiphating reagent on’
degree of sulphation
2.8.1 iIntroduction

For previous work (see, for example, Figure 2.2), the suiphation
reactions were studied wunder constant temperature. The effect of
temperature aon the reaction was nat known. This was investigated.
"Using excess sulphating reagent, reactions were undertaken " at
temperatures from 4 te G0°C for é? to 48 hours. The reaction at 4°C
was allowed to react for 48 houns because it .was expected that the
reaction would be slower. Reaction at 20°C with py-S0; was known to be
complete in 24 hours (36). The results afe shown in Table 2.2 and

Figure 2.4,
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Table 2.2 r Sulphation of HP-cellulose at various temperatures with
different sulphating reagents

Time Temperature Substitution level
Suilphating reagent Chro) (e C) (mag/g)
. Me:NSO; (5g) 48 4 ' 0.41
27 25 4,41
27 37 5.08
27 60 5.38
2. MesNSO; (5g)/ 48 4 0.05
.EtsN {(5ml) .
: 28 29.5 .22
28 37 0.37
21 6C - 1.71
26 80 T 4.58
3. Me;NSO; (5g)/ 48 4 G.05
Me:NEt (1.8ml) ' .
27 22.5 0.14
27 37 0.39 .
27 80 2.61
4. py-S0Q; (5.72g3/ 48 4 1.85
Me, NEt (1.89ml)
28 22 5.85
28 37 5.861
28 (<18 5.10
Notesg
{. Reaction conditions : tg of HP-cellulose in 25ml of DMF.
2. The amines and the base.S0; complexes were in mole

egquivalence,
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Figure 2.4 : Effect of teamperature on sulphate substitutien ievel
using different sulphating reagents
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2.8.2 Effect of temperature on esterification reaction

By using excess sulphating reagent, the reaction was no longer
moisture sensitive. However, it was found that it was teamperature
sensitive (see graph I, Figure 2.4). When excess Me;NS0y was used, the
sulphate sub;titution level increased rapidly with te%perature
initially from 0.41 to 4,41 meq/g over the range of 4 to 25°C., |t
continued fto rise further with increasing temperature and finaliy
levelled off at about 5.4 meq/g aé B0*C, The plateau region cccurred
above the desired 3.5 meq/g region (cf. Figure 2.3). But, the results
- showed that HeyNSO; could stiil be wused in excess to achieve a
substitution eof 3.5 meg/g so long as .the temperature for the
'Sulphation reaction was accurately controtied at 20 + 1°C for 27
hours.

it was assumed tﬁat the reaction was complete after 27Ihours-on

the basis of the previous results sﬁown in Figure 2.2 where the ‘final
congentration changés of Me;NSO0; beyond 2g did naot affect the
substitution obtained. This would indicate -“that the less reactive
hydroxyl groups did not react further at room temperature.' However,
this was not confirmed. This effect of temperature had not previously
been observed with py-50; complex since it {s mare reactive and
achieved the 5.4 meqg/g substitution le?els .readiiy at room
temperature.
2.8.3 Effect of adding other bhases to the esferification reaction

It was thought that it might be possible ito restrict the degree
of sulphation and cause it to level off at the deszsired 3.5 meq/g
region {f a stronger base such as Et:N were used. However, Et;NSO;
cannot be bought. It can be made with S50y (stabilized) and Et;N but

the S0y (stabilized) is difficult to ghip and handle. Furthermore,

there was the problem of air pollution associated with the preparatiaon



of the compiek. Uait;ki preferred to buy the complex.

Consequently, it was decided to repeat the reaction with MesNSQ:
in the presence ﬁf a mole equivalent of Et;N. Triethylamine, being a
stronger base (see Tablie 2.1}, would compete for the sulphur trioxide
released and hopefully, decreased the reactiviiy of Me;NSO;. This
worked but too well. It resulted in littie or no reaction helow 37°C
tsee graph 2, Figure 2.4), At bhigher temperatures, the sulphate
substitution rose steeply through the desired 3.5 meq/g region.

The addition of a mole equivalent of HezNEt; which was a
slightly weaker baze than FEt;N, teo the reaction produced essentiatly
the same result except that the increase in.sulphape substitution was
-eveﬁ steeper beyond 37°C {see graph 3, Figure 2.4).

it would appear from these results that there was little hope of

achisying 3 5 moa/
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ny  of th roagents  in excess {or
combinationé of reagents) without strict temperature and possibly
reaction time contrél. This beling the case, the use of excess MezNSO;
for the sulphation reaction would be the most suitable. I£ would be
reiatiuély simple to maintain a constant temperature of 20“& for up to
27 hours to produce the degired product.

One tinal attempt was made using a combination of excess py-S0;
with ,a mole equivalent of MeyNEt for the suiphation. But, these
conditions were foung‘ to be taé reactive fsee graph 4, Figure 2.4).
The use of excess py-S0;/HMe;NEt in the reaction to produce the desired
3.5 meq/g product would require extensive cooling to below 10°C and
again, the steepness of the slope in the 3 to 4 meq/g region indicated
the need for wvery strict temperature contro!. Hence, this was

abandoned.
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2.8.4 Conclusion

It was not ©possible to find a method of preparing INDIONT" SA
3.5 that could‘ be used without controlling at least one of the
following factors, (i) water present in the system, (ii) the amount of
sulphating reagent in the reaction and (iii) iemperature af the
reaction. Further investigation would require the use of less common
reagents for the reaction. This was thought no; ta be worthwhite.

The best alternative to Walitaki's current method of preparing
[NDION™ SA 3.5 with tlimited amount of py-Sds under controlied
anhydrous conditions would be te wuse excess Me;NSO; with strict
temperature control around 20°C for 27 hours. Further studies would be
needed to see {f the reaction time was importani. This alternative to

Waitaki's existing nmethod would seem fo have Jjust as many

disadvantageg {8, swvness sulphating reagent iz needed and tamperaturse
control. Both can be avoided with py-S0; so long as moisture content
of the starting HP-cellulose (HP-INDION™ ) and the saolvent is

monitorad.

2.9 Stability of sulphated HP-cellulose
2.8.1 Introduction

The stability of the ester bond in the sulphated HP-cellulose
was investigated to determine how labile the sulphate groups were to
hydrolysis (see reaction 2-4)., Preliminary tests with HP-cellulose
sulphate (batch 1181) in 0.08M sodium hydroxide at 72°C did not show
any consistent trend in the togs of sulphate groups over 28 days nor
in 0.8M sodium hydroxide at 72°C over 4 days (39]. This HP-cellulose
sulphate had a substitution tevel of 4.33 meg/g and it was decided to
repeat the tests at a higher temperature of 83°C..The addition of O.1H

sodium hydroxide to the moist sample of the HP-cellulose sulphate gave



& final ccncantratiaﬁ af 2.08M sodium hydroxidse (sse Ssction 2.7). Ths
addition of 0.1% sodium borohydride (w/v) was used to limit
degradation of the cellulose by reducing any aldehyde end groups
present. The results of these tests are summarized in Table 2.3 and

Figure 2.5,

2.8.2 Results of gtability test on HP-cellulose sulphate

As shownlin Figure 2.5, the decline in the substitution level!
over 4 weeks showed an approximately linear relationship. The overal!
toss of sulphate groups after 4 weeks was about 28%. [t is wunlikely
that any practical application would require such extreme conditions
for this length of time. But for cleaning purposes, it should be
pessible to use 0.1iM sodium hydroxide safely at B0 te 85¢(C for shortl
periods of time (hours) on a regular basis uithnu; significant damage
" to the INDION'* SA products.
2.8.3 Conclusion

It was found that temperatures above §0°C were necessary to
hydrolyze the sulphate ester groups when O.1H sodium hyd}oxide was
added to suiphated cetlulose. Even then, days rather than hours were
required to cleave a significant number of groups ie. 1% per day. This
finding should allow any commercial .user to clean the products at 60-
65°C for short durations (hours) to remove irreversibly adsorbed

proteins.
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Table 2.3 : Stability of sulphated cellulose in 0.08M NaOH at 83°C

Sulphate substitution leve! (meq/g)

Time {dayé) 1 2 Mezan
8 4,33 =1 4,33
6 4.09  4.05 4,07
ia 3.78 3.88 3.87
21 3.53 3.80 3.57
28 3.12 3.28 3.20

Note
1. A low value of 4.08 meqg/g was obtained. This was discarded on the
basisc of previous studies (381,

Figure 2.5 : Stability of sulphated cellulose in 0.08M NaOH at 83°C
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SECTION 3
AN INVESTIGATION OF THE SYNTHES!S OF N-(6-AMINOHEXYL)-Z-NAPHTHALENE

SULPHONAMIDE CELLULGSE
INTRODUCTICN

3.1 Nature of the problenm
In a potential commercial application [401, DEAE-cellulose in
its 2-naphthalene sulphonate form is used to purify a protein as shown

by the follewing scheme.

Cell-0(CH; Yo N*HEt,CI- + SO;'Na’
—— Ceil-U(CHz)ZN‘HEtz‘Sﬂg[:zi]::::] + NaCl (3-13

Celi~D(CH,)zN*HEt,‘SO; + protein
B — Cell—U(CHz)gN*HEtz‘SO; ...protein (3-2)

The identity of the protein has not been disclesed. It is believed to
bind to the naphthalene ring via an affinity type interaction. When
the protein is eluted off the DEAE-cellulose with a sodium chloride
gradient, it 1{is contaminated with 2-naphthalene suiphonate which is

not surprising since the reverse of reaction 3-1 above takes place.
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This probtiem ot contamination of ths stuted protsin would be avoidsd
by covalent immobilization of Z-naphthalene sulphonyl group Ontd
cellulege. [t was the aim of this work- to achieve such a covalent link

by a simple procedure which c¢ould be used on a commercial scale.

3.2 Covalent attachment of the 2-naphthalene sulphanyl group (2-NS}
onta cellutase

There are many methods wused for immobilizing ligands ontc
ingoluble polysaccharides for affinity chromatography [131. Host of
them invelve the conversion of some of the hydra#yl groups pressgnt to

groups which are reactive towards nucleophilic amines, for example,

CNBr/pH 11 RNH;
Cell~0H ~ Cell-0-C=N ~ Cell-0-(-NH-R
NH
(3-3)
CI—CHZCQ?EHZ 0_ RNH, H
Cell~0H ——  Cell-0CH; CH-CH, Cel1-0CH; CHCH, NHR
NaOH

(]
(3-43

The latter method wusing epichlorohydrin was chosen for this work
because it used cheap chemicals te give a relati@ely gstable epoxide
derivative (1). Furthermore, the production of.the epoxide derivative
of celiulose (epoxide activated cellulose) 1is well established by
Waitaki International Biosciences Ltd. [41) and there 1is a
considerable amount of background information available on this method
of activation. By wvarying the ratios of cellulese, godium hydroxide
and epichlorohydrin, substitution }eQels up to 1.5 meq/g can be
achieved (38). ‘For this work, the epoxide activatién needed-to oe kept

low (0.5 meq/g to 1.0 meq/g) to ensure a more porous matrix and free
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interacticn of the pratsin with the covalentliy bound ligand.

Two different ways of attaching the 2-NS groups pnto HP;
cellulose wvia the epoxide derivative were investigated. These are
outiined in Figure 3... Both schemes give the same final product in
which the 2-N8 group i3 coupled to the ceilulose wvwia a 1,6-
diaminohexane (DAH) spacer arm, This is a standard technique where
affinity type interactions are involved seo that the protein can gain
better access and correct alignment with the ligand [S].

The synthesis of 2-naphthalene sulphonyl chloride (2-NSCl) used
in both Scheme 1 and Scheme 2 (Figure 3.1) is straightfeorward. 1[It is
prepared by reaction between secdium 2-naphthalene sulphonate and

thiony! chloride in DHF at 10 to 12=C [42].

MSO; - Na‘ DHF MSDJ C]
w + SOCt, '-——*-UIU + 58, + NaCl

{3-52

in Scheme ! (Figure 3.1), oniy the desired N-(S-aminohexyl)-2-
naphthalenesulphonamide (2-ANS} groups are coupled to the epoxide
activated cellulose while any remaining unreacted epexide groups are

readily cleaved at the finish by acid hydrolysis.

/Qb HCI QH gH
Cel!-0CH;CH-CHy + H:0 ————= Cell|-0CH,CH-CH,
(3-8}
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Figure 3.1 : Covalent attachment of 2-NS group onto cellulose

-

Scheme 1

SDQCI eKCcess HQN(CHQ),;NHQ O SD]NH(CHZ)‘NHZ
(:::l 2-ANS

/Db
Cell-0CH;CH-CH;

H

Cel 1 -0CH; CHCHa NH(CH. );NHSO:

2-ANS cellulose

Scherne 2

/G\ excess H; N(CH; ¥y NH: £OH
Cell-0CH, CH-CH, o Call-0CH; CHCH, NH(CH, ), NH;

H
Cell-0CH, HCHzNH(CHa)sNHSDz[::ij :

The synthesis of 2-ANS is complicated. Reports in the literature show
two methods of preparing 2-ANS. [t has been made by reaction of 2-NSCI
({ wmole) with DAH (3 moles) in dioxane {431, The excess diamine
present serves two functions. It statistically favours the. formation
of 2-ANS .over the bhis-naphthalene sulphonamide (BNS} [bis-N,N'-(2-
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naphthalense sulphonyl) hexamsthyl!ensdiaminel. It is also wussed to
neutralize the hydrogeﬁ chloride liberated. Although this procedure
looks straightfofuard, the vyield of the sulphonamide, 2-ANS was low

(12 to 34%) and its isolation rather laborious.

50, C!
OO + 2NH, €CHa )4 NHa

(2-N5C1}) (DAH?

- SD: NH(CH} );NH‘Z
O + NHz (CHa ) NH*;CI-

(2-ANS)

OO S0;C1
SD;NH(CHg)sNHSD: O O

(BNS?

(3-7)

Similar sulphonamides have been synthesized in high yields (80%)
for pharmaceutical studies {44] . To achieve this, they were prepared
by reaction of the sulphonyl chloride{ RSO;C1 in chioroform at roon
temperature with the diamine protected at aone end, fe. R(CHz),NH:
(Qhere R is the phthalimido group). Although the.yield was high, the

method {3 tedious, laborious and expensive. Thus, there was no
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satisfactory method °~ for preparing 2-ANS which is siaple and
econcmical. Dur aim was to tfind such a method so as to qliou the
investigation of the ocoupling of the product’ with the epoxide
activated cellulose as shown in scheme ! (Figure 3.1),

{n the other hand, Scheme 2 (Figure 3.1) has the advantage of
having one end of the ,6-diaminchexane (DAH) blocked by coupling to
the epoxide before reaction with 2-naphthalene sulphony! chlaoride (2-
NSC1) and all reagents can be washed away from the insoluble cellulose
after each stép in the synthesis. The coupling of DAH te the activated
cellulose has been extensively studied in this laboratory. Howewver, it
was not known whether the coupling of 2-NSCl to DAH-cellulose gould be

accomplished efticiently.

3.3 Susmary of objectives

The cobjectives of the work reported in this section includa:
1. to find a simptle method of preparing MN-{(6-aminchexyl}-2-
naphthalenesulphonamide which could be wused to_?ouple to thé epoxide
activated celluiose (Scheme 1, Figure 3.1);
2., tc find the conditions necessary to couple 2-naphthalene sulphonyl
chloride to the diaminehexyi-cellulose (Scheme 2, Figure 3.1) and
3. to measure the capacity  of thesa N-(G—aminohexyl)-z-l
naphthalenesulphonamide ceiluloses far bovine serum aIEumin (BSA), a
readily avaliable préfein known to bind to hydrophobic groups% BSA Las
used in the absence of any knowledge regarding the particular protein

or enzyme that the petential wuser was interested in purifying

commarcially,
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EXPERIHENTAL

3;4 Materials and equipment

The HP-cellulose 8-50 {batch 1217} which is now marketed as
"INDIONT® HP-10 cellulose"™ was obtained from Waitaki International
Biosciencgs Ltd., Christchurch, New Zealand. Sodium Z-naphthalene
sulphonate monohydrate (LR}, thionyl chloride (AR), sodium sulphite
(LR} and silica plates were obhtained from Merck, Darmstadt, West
Germany. Dimethylformamide (DMF) (AR), sodium hydroxide pellets (AR)
and sodium metabisulphite (LR) were obtained from Ajax Chemicals,
Sydney, Australia. DMF. was dried, degassed and redistilled over
calcium hydride gefore use, Sodium hydrogen phosphate (AR} and 1,6-
diaminchexane were -obtained from RDH, See}ze—H;nnover, West Germany. -
Epichlorohydrin (LR),' concentrated hydrochloric .acid ({(AR), i,2-
dichoroethane (AR} and hydrochloric acid concentrate (AR) for paking
1.00H standard solution were obtained from BDH, Poole, U.K. and sodium
chloride from May and Baker New Zealand Ltd., Hount Maunganui, New
Zealand. Anhydrous magnesium sulphate (LR), formic acid (AR), iodine
and sodium hydroxide concentrate (AR} for making 1.00M standard
solutiod were obtained from May and Baker Ltd., Dagenham, England.
Toluene (LR} and hexane (LR} were obtained from Shell 04l New Zealand
Ltd,, New Zealand and methanol {LRf from Mobil 0i! New Zealand, New
Zealand. The solveﬁfs were redistilled before use. Bovine serum
albumin was obtained from Sigma Chemical Co., St. Louis, Missouri,
USA.

All titrations wera carried out using an Autcburette ABU {1 from

Radicmeter, Copenhagen, Denmark.
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3.5 Preparation of Z-naphthalene sulphonyl chlorids

3.5.1 Purification of sodium Z-naphthalene sulphpnate

The crude sodium Z-naphthalene sulphonate obtained commercgaily was
recrystallized several times from 10% sodium chloride solution ([45].
The anhydrous sodium salt was obtained by drying at_lOS‘C.

3.5.2 Hethod for preparation of 2-naphthalene sulphoryi chloride
Thiony! «chioride (25m!, ©0.34 mol} was added dropwise to anhydrous
sodium Z2-naphthalene sulphonate (55.0g, 0.24 mol) in DMF (100mi} at
10-12*C with continuous stirring [5]1. After complete additien, the
mixture was stirred for another 15 minutes. Then, it was poured into
ice water (ca, ©600mi) with continuous stirring. The stirring of the
ice water was important during addition of the reaction mixture to
encourage ¢lean c¢rystallization rather than the formation of tacky
material. The product obtained was collected on a filter and washed
thoroughly with cold water. [t was dried under vacuum aF room
temperature. The yield of colouriess crystaliline solid, Z2Z-naphthalene
sulphonyl chlaoride cbtained was $3.4g (98.5%); wm.p. 78-79°C

{literature m.p. 78=C)J.

3.6 Preéération of N-(6-aminohexyl)-2-naphthalenesulphonamide

Three mgthods of syntﬁesis were investigated.

Method A

2-Naphthalene sulphonyl chloride (2.0g, 8.8 mmol) in toluene (20m1)
was added to 1,6-diaminohexane (6.0g, S0.4 mmol) in toluene {(8Cm!} and
the mixture was refluxed for about 2 hours. The solid residue aobtained
on cooling was collected on a filter and washed with toluene (100ml3}.
The regulting toluene filtrate was set aside. The solid residue was
then washed with 0.2M sodium hydroxide solution (ca. loom;) followed

by a thorough wash with water. The crude colourleés c}ystaiiine solid
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(O.?OSg) cbtained ~ was identified as bis-N,N'-(2-naphthalsne

sulphonyl)-1,8-hexa-methylenediamine (BNS). Found:

m.p. 161-165=C;

nmpe (CD;S0CD;3 7.6 (6.8H, nmultiplet, aromatic H}, 5.2 (i.S5H,
singlet, HNH), 2.8 (2H, sginglet, CH;), 1.1 (4.1H, singlet, CHz).
(The proton integrated values were in reasonable agreement with those
expected for BNS except for the NH value.)

ir (Nujol} ¢ 3280 (strong, NH), 3080 (weak, NH), 1585 (weak, NH), 1325
{strong, sym. S0;), 1150 (strong, asym. S50;) cm '.

Etemental analysis : 62.27% C, 5.42% H, 5.54% N, 12.62% S (calculated

62.90% C, 5.65% H, 5.85% N, 12.80% $).

The tolueng filtrate set aside was washed with 0.2M sodium hydroxide

i - Ben f oo aam
solution (300t} and T LES

ik o e
ke LN

. - rem
L " i i LBl

1 - .k
L v ™

- t
1S4 L

2 ral., [t was
magnesium sulphate and evaporated to dryness under reduced preésure.

The resldue was recrystallized from hexane-toluene mixture. The
calourless crystalline solid (0.853g, 24%) obtafned was identified as
N-{6-aminohexyl)-2-naphthalene- sulphonamide (2Z-ANS). Found:

@.p. BO-94°(;

nmr  (CDRClg) @ 7.8 (2.3H, muitiplet, arocmatic H), 2.9 (1iH,

multiplet, NH), 2.5 (1.7H, muitiplet, CHzJ, 1.2 (2.8H, singlet,
CHz). (The proton integrated values were in reasonable agreement with
those expected for 2-ANS except for the methylene proton next to the
sulphonamide nitrogen.)

ir (Nujol) : 1585 (weak, NH), 1320 (strong, sym. S0,), 1145 (strong,

a;ym. S0 cm~i .,

Elemental analysis : 62.55% C, 7.00% H, 8.61% N, 10,78% S (Calculated

62.75% C, 7.19% H, 9.15% N, 10.46% S).
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Hethod B

2-Maphthalene sufphonyl chloride (10.0g, 44 mmol) in DHF (3dml) was
added dropwise to 1,8-diaminohexane (30.0g, 258 mmol) in DMF (50m!l) at
room temperature, After complete addition, the mixtgre was stirred for
another 0.5 hour. The residue obtained was filtered off. The DMF
filtrate was concentrated to 1/3 of its volume by distillation under
reduced pressure. Then, it was poured into cold water (ca. 100m!3. The
water was stirred during addition te prevent the formationl af tacky
material. The bproduct was recrystallized from foluene +to give a
colourless crystalline soiid (4.1ig). It had a m.p., of 171~173°C. It
was identified as bis-N,y'—(Z*naphthalene sulphonyl)-1,6-
hexamethylenediamine (BNS)} on the basis of 1its improved m.p. and

similar ir and nmr spectra (see Method A). Thin layer chromatography
atf BNS on sililca in l,2-dichioroethane*meghanoi-formic acid (7:3:0.5,
v/v/v) showed one spot with a Rf value of 0,82. The chromatogram was

visualized with iodine vapour.

Hethod C

2-Naphthalena sulphonyl chleride (8.0g, 35 mmol} in toluene (80ml) was
added dropwise {(vertical drop) to neat i,6-diaminghexane (37.7g, 0.325
mol) maintained at 50 to 80°C. Aftér compieté addition, * the mixture
was stirred for another 0.5 hour., The hot reaction mixture uaé poured
into ice water (ca. 500ml) which was stirred continuously during
addition. The precipitate formed wag filtered and washed with water.
It was dried under vacuum at room temperature. A colourless
crystalline golid was obtained in the ?ield of S.1g (85%). It had a

m.p. 890-84°C. It was identified as N-(B-aminochexyl)-2-naphthalene-

sulpnonamide (2-ANS) on the basis of its m.p. and similar ir and nmr
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spectra- (see Methoa 4). Attempts to purify it by recrystallization
from toluene, toluene-hexane, water and chleraform did not meet with
much success., Thin layer chromatcography of the crude product on silica
in 1,2-dichlioroethane-nethanol~formic acid (7:3:0.5, v/v/v) showed two
spots with Rf wvalues of 0.8f and 0.82. The fasfer moving spot
corresponded to bigs~N,N’-(2-naphthalene .sulphonle-l,S"hexa—

methylenediamnine while the slower one corresponded to Z2-ANS.

3.7 Epoxide activation

3.7.1 Procedure for activation

The . extent of activation of the HP-gellulose is dependent on the
strength of the sodium hydroxide solution used so long as the
epichlorohydrin is kept in excess at all times. The volume of sodium
hydroxide sclution used needs to be sufficient to make a slurry which
will mix well, A 1% scdium hydroxide {(w/v) activation of HP-cellulose
is described asl an illustration of this ac¢tivation procedure. A
solution of 10M sodlum hydroxide (8.25ml) and deionized water. (149m1)
were added to the molst* HP-cellulose (i05g, 10g dry weight content,
batch 1217) and mixea into a siurry. The mixture was coocled in ice for
about i1 hour before adding tﬁe eplchlorohydrin (6.2ml). 1t was_then
mixed for 24 hours at 4°C., The epoxide activated cellulose was washed
with deionized water until neutfal. The oconditions for other
activation levels are-found in Appendix 5.

{(* The motst cellulose was obtained by draining dry the wet cellulose
an a tilter,)

3.7.2 Epoxide activation level analysis

Sodlum sulphlte (0.25g) and scdium metabisulphite (0.25g) i? deionized
water (10ml) were added to a sample of the moist epoxide activated

cellulose (5g). This was mixed overnight at room temperature., The
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sample was washed with water, IM hydrochloric acid {ca. 50ml) and
water until neutral. !t was dispersed in 0.5M sodium chloride solution
(ca. 10ml} and titrated with 1.00M sodium hydroxide solution to pH 8.
The sample was transferred quantitatively onto a weighed sintered
glass filter.and washed thoroughly with water before drying it at 80°C
overnight followed by drying it at 105°C for about 2 hours. The
sulphonic acid content of the product was then calculated in terms of
milliequivalents per dry gram {(meg/g). From this, the epoxlde content
of the original activated celluiose could be determined assuming a

100% conversion of epoxide to sulphonate (see Appendix 6 far more

calculation details).

3.8 Coupling of the ligand to the cellulose derived matrix

3.8.1 Coupling aof i,6~diaminohexane to epoxide activated cellulose
l,G—Diaminohéxane‘(Q to 15g) dissolved in water (150 to 170ml? was
added to moist epoxide activated cellulose (158g). This was mixed for
about 3 days at room temperature, The product uzs washed on a filter
with deionized water until neutral to remove the excess diam;ne.

3.8.2 Coupling of N-~{-aminohexyl)~2-naphthalenesulphonamide to
epoxide activated celluinse

The moist epoxide activated cellulose (5Bg) was solvent egchanged from
water to DMF as described in Appendix 2. H-{8-aminahexyl)~-2-
naphthalenesulphonamide (2-ANS) (0.6 to 1.2g) 1in DMF (5-10ml) was
added to the epoxide activated cellulose and was allowed to mix. The
reaction was repeated at varlous temperatures for different duration
of time. The sample was washed with DMF. to remove excess 2~ANS and was
then solvent exchanged from DMF back to water as described in Appendix

2.
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3.8.3 Coupling of 2-naphthalene sulphony! chloride to diaminohexyl

(DAHY cellulose

The moist DaH cellulose (S5g) was solvent exchanged from water to DHMF
as described in Appendix 2. 2-Naphthalene sulphanyl chitoride (2-NSCH)
(0.17 to 0.81¢) in DMF (5-10ml) was added to the DAH cellulose and was
allowad to mix. The reaction was repeated at various temperatures for
different duration of time, The sample was washed with DMF to remove
excess 2-MSC[ and was then solvent exchanged from DMF back to water as
described in Appendix 2.

3.8.4 Hitrogen analysis by titration

A sample of the wmoist DAH-cellulpse [or 2-ANS-cellulose] (5g) was
washad with IM sodium hydroxlide soiution (ca. 50ml)} {or Q.54 sodium
hydroxide sotution (ca. 75mi)] feoliowed by deionized water untii
nedtral. [t was dispersed in 0.5M sodium chloride solution (ca. 10m!)
and titrated with 1.Q0M hydrachloric acid to pH 4. 1t was transferred
quantitatively ontoc a weighed sintered glass filter, washed thoroughly
with deionized water and transferred to a measuring cylinder to setttle
overnight. Once its gcettled volume was recorded, it was transferred
Ihaek to the same ggass filter and dried at 60°C overnight followed by
drying at 10S°C for about 2 Haurs. The number of titratable niktrogen

(meq/g) and the swollen volume (ml/g) of the product were then

L=

calculated (see Appendices 3, 4 and 6 for more detailsy.

3.9 Capacity of HN-(6-aminohexy!l-Z2-naphthalenesulphonamide (2-ANS)
celluloses for bovine serum albumin (B5A)

2-AME-cellulose was pre-equiltibrated with 0.0iHM sodium nydrogen
phosphate {(pH 7.0) buffer solution and drained on a filter., & sclution
(20ml1) of 0.5% BSA in buffer was added te an accurately known weight

of the pre-equilibrated cellulose (300 to 400mg). This was mixed for 2
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hours at room tempera&ure. The anhsorbance of the flltrate was measured
at 280nm. By comparing the wmeasured absorbance of the BSA stock
solution at 280nm, the amount aof BSA adsorbed by the cellulose was
determined. The test was carried out in duplicate. A dry matter
analysis of 2-ANS-cellulose was carried out separately in triplicate.
Hence, the capaclty in gram BSA per gram dry welght of 2-ANS-cellulose

was calculated.

RESULTS AND DISCUSSION

3.10 Preparation of N-{(6-aminohexyl)-2-naphthalenesulphonamide (2-ANS)
. 3.10.1 Comparison of methods of preparing Z-ANS |
The preparation of 2-ANS was attempted by three methods, A, B
and £ Lsee. Section 3.8). Method A involved adding 2-naphthalene
_sutphonyl chloride In toluene to six-fold excess of {,6~diaminohexane
in toluene and refluxing for 2 hours. The solid which crystallized out
on cooling was shown tg be bis-N,N'-(Z2-naphthalene sulpéonyl)—1,6~
hexamethylenediamine (BNS) by spectroscaopic and elemental analysis. It
had a melting point of 1681~165°C. The residue recovered from the
toluene layer was the desired 2-ANS whicgh was alsq identified by
‘spectroscopic and elémental analysis. It had a meiting peint orf 20-
g4°C, The yleld gf 2-ANS prepare& by this method was low (24%). The
significant difference in the ir spectrum of BNS from that of 2-ANS
was the absence of a strong NH absorption band at 3280 cm~* in the
. latter. The proton nmr spectra of - - both compounds showed similar
chemical shifts but differed in the ratios of the number of protons
and the chemical shift position of the MNH group.
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In method B, DH% was used as the solvent for the reaction. The
reactants had a much higher solubility in DMF than in toluene.. Unlike
method A, the preparation was carried out at raom temperature.
However, 1t gave mainly BNS3, The yield for the recrystallized product
was 38%. It had a melting point of 171-173°C which was an indication
of higher purity. Apparently, the use of DMF, a peolar salvent,
favoured the formation of BNS.

The preparation by method C gave the desired product, 2-ANS in
excellent yield. The crude product had a melting point of 90-94°C. In
this methed, the 2-naphthalene sulphonyl c¢hioride (2-NSCl}  was
dissolved in minimum volume of toluene. It was added to nine-fold
excess of neat 1,B6-diaminohexane (m.p. 41-43°C) maintained at 50-60°C
to keep 1t ligquid. The addition of Z2-NSCi-in toluene teo the amlne was

mads dro
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____________________ The dropuwize zdditicn
from directly above and the use of liquid DAH were thought to be
crucial to the formation of 2-ANS In high vyield. These factors set
this method apart from the earlier twoc methods in that the 2-HSCl was
constantly in the vicinity of a local excess of diamine. It was found
that when the dropwise addition of 2-NSC! was made from the side, the
product obtained was the unwanted BNS,
3.10.2 Purification of N—(G—aminuhexyi)*2“naphthalenesu]phonamiﬁe (2- .
ANS) and bis—N,N'~(2jqaphthalene sulphony!l) hexamsethylenediamine (BNS}
BNS was easier to purify than 2-ANS. The former could be
purified by repeated recrystallization from toluene. The attempts made
at purifying 2-ANS by recrystallization from toluene, toluene-hexane,
water and chlercform did not meet. with much success. Thin layer
chromatography showed that the impurity which persisted was BNS which
was less soluble than 2-aNS in all those solvents making it difficult

to remove.
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Since, this iﬁpurity was not expected to interfere with the
. subsequent coupling reaction between 2-ANS and the epoxide activated
cellulose, there was no advantage In purifying the crude product
obtained. The contaminant, BNS would not react with the epoxide
activated cellulose as it has ne nucleophilic amino group present.
Furthermere, in the coupling reaction, 2-ANS can be used in excess and

so, the presence of the impurity does not matter.

3.10.3 Conclusion

Method C was the best method for preparing N-{(S-aminohexyl)-2-
naphthalenesulphonamide (2-ANS)., It was a simple, quick and relatively
econamical method of synthesis. The .procedure was straightforward
without the need for complicated and long isclatian process. The
starting material, sodium 2~naphthalene sulphonate was readitly
available and cheap. The conversion of sodium 2-naphthalene sulphonate
to 2-naphthalene sulphony! chloride was quantitative. The crude 2-ANS
could be made from Z-paphthalene suiphony! chleride {n high yield and
no further purification was necessary as the main contamin;nt, bis-
N,N*-{2-naphthiene sulphony!} hexamethylenediamine did not interfere
with the subsequent coupling reaction mentioned. Therefore, method C

provided a useful method of making 2-ANS as a ligand for coupling with

the epaxide activated gellulose.
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3.11 Preparation of N-(GB-aminohexyl)}-2-naphthalenesulphonaaide (2-ANS)
celluloses by Scheme it (Figure 3.1)
3.1:.1 Introduction

HF-cellulose (INDIONT® HP-10) was reacted with epichlorohydrin
using a slurry in either 1% or 3% aqueous sodium hydroxide. This gave
two different epoxide activated celluloses with epoxide substitution
levels of 0.47 and 1,24 meqg/g respectively.

Before the epoxide activated celluloses coula be used, they had
to be solvent exchanged into an organic sclvent which weould both swell
the cellulose matrix and dissolve the 2-ANS., DHF was found to be
suitable. Preliminary coupling experiments showed that it was
necessary to heat the reaction to 80-70°C in order ta cauple the Z-ANS
whereas simple aliphatic amines normally couple at room temperaturses
in agueous solution.
3.11.2'Cnupiing of N-(6-aminchexyl})-2-naphthaienesulphonamide (2-ANS)
to epoxide activated cellulose

A series of reactions at 84°C using a seven fold excess of 2-ANS
over epoxide groups was undertaken to determine the time ;equired for
complete reaction. The results are shown in Table 3.1.

For both cellulese epoxide derivatives, the 2-ANS substitution
levels reached their maximum after’ 24 hours and approximately 90% ot
the epoxide groups were converted. Because of the weight inecrease on
the cellulese when the 2-ANS was coupled, there is a drop in the
substitution levels when expressed as meq/g. But, the meq/g of epoxide
converted can be calculated and expressed as coupling efficiency of 2-
ANS which are. shown 1in Table 3.1 (for calculation details, see
Appendix B)

The swollen volumes (bed volumes) of the p;oducts shown in Table

3.1 were measured with the 2-naphthyl-celluloses (BN celluloses) in
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the hydrachloride form (see Flgure 3.2). These velumes were observed
to decrease markedly if the charge on the nitrogen was removed by
washing with dilute alkali, Without the repulsion between adjacent
positive charges, the hydrophobic interactions beftwesn the naphbthy!

groups contracted the cellulose matrix.

Table 3.1 : Effect of time on 2-ANS substitution level

ST
Epoxide 2-ANS substitution®
activated Reaction Swollen Titratable Coupling
celluliose Product time volume nitrogen, N' efficiency,
used!«? number® (hr.) {ml/g) (meq/g? E. (%)
0.47 meq/g BN 43 5 i7.7 0.28 56

BN 44 24 22.8 0.38 94

BN 45 48 23.4 0.3 98
1.24 meq/g BN 48 6 - 0.68 73

BN 47 24 20.9 0.80 89

BN 48 48 23.8 0.79 87

o

MNotes
i. Reaction conditions : 5g molst epoxide activated cellulose was

solvent exchanged and used in DHF at 84°C
2. 0.6g and 1.2g of 2-ANS were wused for the epoxide activated
celluloses with degrees of activation(s) of 0.47 and 1.24 meq/g

respectively.
3. BH uwas the code given to 2-AMS-cellulaoses abtained.

4, For calcutation details, see Appendix 6.
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Figure 3.2 : Coupling of 2-ANS to epoxide activated cellulose

Ce!l—UCHgCQi;Hz + Ha N(CH; ) NH50:C, o H»
o

H
CelI-UCH;EHCHzNH(CHg)6NHSD:CtoHr

Titrate with HC!

OH :
CE}|“DCH7&HCH:N'H;(CHz)gNHSO261oH?
ci-

3.11.3 Summary of findings

The results showed that the direct coupling of N-{(G-aminochexyl)-
Z-naphthalenesulphonamide (2-AN5) to epoxide activated celluleose was
straightforward. The reaction was complete after 24 hours at 64°C with
90% of the epoxide groups converted. The large excess of coupling
reagent, 2-ANS used in these reactions (see Table 3.1} could probably
be reduced but this aspect was not investigated. The ohsarved
contraction in the bed volume of the BN cellulose when the charge on
the nitrogen was removed would probably limit the useful pH range to
pH less than 8 for protein chromatography work.

The products, BN 45 and BN 48 shown in Table 3.1 were selected
for further investigation of protein capacities discussed later (ssge

Section 3.13).
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3.12 Preparation of N-(S-aminchexyl)-2-naphthalenesul phonamide (2-ANS)
cei{lulaoses by Scheme 2 (Figure 3.1
3.12.1 Diaminohexyl (DAH) celluloses

Several DAH-celluloses were prepared from commercially available
HP-ceilulese (batch 1208 and 1217). The conditions used in the
preparation of these derivatives and their properties are summarized

in Table 3.2.

Tabie 3.2 : Conditions for preparation of DAH-celluioses and their

properties

{a}) Conditions for pregaration'

moizst epoxide activated cellulose

(158¢) made from NaDH activation (%)? 6.0 1.0 i.5 2.0
Weieght of DAHM zdded (g) 15.0 8.0 12.0 15.0
(b) Properties of DAH-celiuloseS

Swollen valume {(ml/g) 14.89 31.1 33.1 37.86
DAH substitution

Titratzble nitrogen, N" (megq/g) 2.04 0.81 1.10 1.44

Notes
1. See Section 3.8.1 for detalls on preparation of DAH 27 to 29,

2. See Appendix 5 for conditions for MaOH/epichlorehydrin activation
of HP-cellulose.
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3.12.2 Preliminary determination of coupling conditions of 2-
naphthalene sulphonyl chloride (2-NSCI?} to diaminchexyl (DAH)
cellulase

(a) Introduction

The extent of coupling of 2-NSCI to DAH cellulose was expressed
in terms of coupling efficiency (%}. There are two titratable
nitrogens aon DAH cellulose (ie. a primary and a secondary aminel), On
coupling of 2-naphthalene sulphenyl group to DAH-cellulose, the
primary amine is converted to a sulphonamide linkage. This leaves only
one titratable nitrogen left., By appropriate calcutatians based on the
number of titratable nitrogen left (exprezssed in meg/g) after coupling
and the cansequent weight increase, the coupling efficiency of 2-HNSCI
may be worked cut. The detailed calculations are shown in Appendix 6.

The conditions for caupling 2-NSC| to DAH 20 were investigated.
[n particular, the effects of the quantity of 2-NSC! added and the
reaction time were studied,

(b} Effect of 2-naphthalene sulphonyl chioride (2-NSCl)

As shown in Taole 3.3, it was found that the N-(6-aminohexyl)-2-
naphtnalenesulphonamide (2-ANS) substitution increased as the quantity
of 2-NSC| added was increased. When a {:1 molar ratio of 2-NSCl to
diaminohexyl (DAH) groups was used, 72% of the DAH reacted. While,
when a four fold excess of 2-NSC| aver the primary amine group was
added, about 80% of the DAH reacted. [t would appear from these
results that only the primary amine in DAH-cellulose reacted and not

the lese basic and more sterically hindered secondary amine.
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Table 3.3 ; Effect of 2-NSCI on 2-ANS substitution for DAH-cellulose
20

2-ANS substitution®

welignt of Swollen Titratable Coupling
2-HSC Product volume? nitrogen, Na . efficiency,

(g) Number? (ml/g) {meq/g) E.? (%)
0.17 BM 15 10.6 i.i8 72
g.30 BN 1B 9.7 1.09 79
0.61 BN L7 - .00 a8
Notes

1. Reactian conditions : Sg meist DAH-20; 8ml DMF; L7 hr.; 22°C.

2. BN was the code given to 2-ANS-celliuloses obtained.

3. The swollen wvolume of 2-ANS-cellulose was measured 1in its
hydrochloride form (see Figure 3.2).

4, For calculation details, see Appendix 6.

(c) Effect of reaction time

The results obtained in Table 3.4 showed that the coupling
reaction sceurred rapidly and the M-(8-aminohexyl)-2-
naphthalenesulphonamide (2-AMS) substitutiocn level reached the maximum
value in less than one hour, The lower coupling efficiency obtained
(cf. 72% in Table 3.3} was probably due to water present in the system
as a result of incomplete solvent exchange. This would consume some of
the sulphonyl choride and only a 1:1 ratio of 2-naphthalene sulphonyl
chloride (2-NSCl) to diaminohexyl (DAH) groups was used in this case.

Neverthsless, the constant coupling efficiency showed that the

reaction iime was obviously very fast.
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Table 3.4 : Effect aof reaction +time on 2-ANS substitubion for DAH-
celluiose 20 i

T T AT
2-ANS substitution*
Reaction Swallen Titratable Caupling
time Product volume? nitrogen, N efficiency,
{hr.) Number? (mi/g) (meq/g) - Ea' (%)
i BM i8 13.1 i.54 39
2 BN 19 12.8 1.55 39
5 BN 20 i2.7 1.57 37
24 BN 21 12.8 1.57 37
Lo
Hotes

1. Reaction conditions : 5g moist DAH 20, 0.17g 2-NSClI used, 8Bmi DMF,
rogm temperature.

2., BN was the code given to 2-ANS-celluloses obtained.

3. The swollen voiume of 2-ANS-cellulose was measured In its
_hydrochlaride form (see Figure 3.2).

o oaetails, see Appendix 6.

- — PSR B S
A, For zaleulatio

The reaction was repeated for two and twenty four hours but with
the following change%: (i} a two-fold excess aof 2-NSCl! over DAH was
used to prevent the possibility of small amounts of water present from
affecting the final substitutidn level obtained, and (i{) DAH-
cellulose 28 (see Tahle 3.2} was used in place of DAH-cellulose 20 as
it was considered not necessary or desirable to have such a high
substitution level in the final product as was possible with DAH 20.
The resuits are presented in Table 3.5 and show that about 85% of the
DAH groups on cellulose are readily converted tao naphthalene
sulphonamide in less than two  haours with a two-fold excess of 2-MSC!

at 22=C in DHMF.
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Table 3.5 : Effect of reaction time on 2-ANS substitution for DAH-
cellulose 29

2-ANS substitution®

Reaction Swollen Titratable Coupling
time Product volumne?® nitrogen, N _ efficiency,
{hr.) Number? {(ml/g} {(meq/g!} Es' (%)
2 BN 35 10.3 0.76 86

24 BN 38 i0.2 0.77 85
Notes
1. Reaction conditions : 5g moist DAH 28, 0.23g 2-ANS used, 8ml
DMF; 22°C.

2. BN was the cade given to 2-ANS-ceiluloses obtained.

3. The swollen volume of 2-ANS-cellulose was measured in its free
amine form.

4, For calculation details, see Appendix 6.

3.12.3 Preparation of N-(&-aminghexyl)-Z2-naphthalenesulphonanide (2-
ANSY=~ceilulaese for protein capacity tests

For large bulky groups like naphthalene sulphonyl group, there
is usually an optimum substitution level for maximum protein capacity.
Consequently, a range of products for testing was prepared by Scheme 2
(Figure 3.1) based on the results shown in Tables 3.2 to 3.5 The
reaction was «carried out at room temperature overnight wusing about
two-fold excess of 2-naphthalene sulphonyl ch]ori&e (2-NSCI1). An
excess of 2-NSCl was used to ensure that the reaction would not be
affected by traces of water in the system. Tha conditions f{or the
preparation of the final products and their properties are summarized

in Table 3.8.
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Table 3.8 : Properties of 2-ANS-celliuloses prepared

R
BN cellulase! 40 4% 42
{a) Conditions for preparation?
moist DAH-ceflulese (40g) used DAH 27 DAH 28 DAH 29
welight of 2-N5C1 (g) added 3.8 1.1 1.4
(b} Properties of 2-ANS-celluloges
Swallen volume® (mlt/g) 16.5 12.86 8.8
2-ANS substitution®
Titratable nitrogen, Ms {(meq/g)’ 0.47 0.85 G.7v9
Estimated 2-ANS content, S.' (meq/g) .32 .42 G.60
Coupling efficiency (%) 78 76 83

Notes

1. BN was the code given to 2-ANS-cellulose prepared.

2. The reaction was carried out in S0ml DHF at room temperature for
{8 hr.

3. The swollen wvolume of 2-ANS-cellulcse was measured in its free
amine form.

4, For calculation details, see Appendix &.

A&s shown in Table 3.8, the products obtained had 76-83% of the
BAH sulphonated. The swollen ?oiumes decreased as the 2-ANS
substitution increasea. The contraction in the bed volumes was caused
by the increasing hydrophobic interactions due to increasing number of
naphthy! groups attached,
3.12.4 Summary of findings

The investigation showed that the coupling of Z2-naphthalene
sulphony!l chlaride (2-NSCi) to diaminohexyl (DAH}-cellulaose was rapid.
A& 80% coupling efficiency could be achieved by using at least a four
fold sxcess of 2-N3C]. However, a two-fold excess was sufficient to
sulphonate about BO% of the DAH groups. BM 40, BM 41 and BN 42 shown

in Table 3.8 were seilected for further investigation of protein
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capacities along with BN 45 and BN 48 prepared by the other route

(Scheme 1, Figure 3.1) (see Section 3.14).

3.13 Cenclusion

The results showed that it was equaily feasible to prepare N-(5&-
aminohexyl)-2-naphthalenesuliphonamide {2-ANS)-celiuiose by either
direct coupling of 2-ANS to epoxide activated cellulose (Scheme |,
Figure 3.1} or coupling of 2-naphthalene sulphonyl chioride to
diaminohexyl (DAH)-cellulose (Scheme 2, Figure 3.1)}. The coupiing
conditions required for the former were more harsh than that required
by the latter. The reaction was slower and required heating at §4¢C
for coupling to take place. Presumably, ithe steric hindrance resulting

from the bulkiness of 2-ANS caused it lo be less reactive. The present

method of soouvpling 2-AMS tg epoxide activated celliulose used a szven-
fotd excess of the ligand over DAH. This large e2xcess may not bhe
essential., It would be more economical to use a limited amount of 2-

AMS to couple with a highly epoxide activated cellulose. Any unreacted
epoxide could then be hydrolyzed by dilute acid. But, this was not

investigated.

P! H* QH EH
Cell—DCHzCH—EH; + H,0 -————— (ell-0CH,CH-CH:

The advantage of preparing 2-ANS-cellulose by Scheme § was that
the final product was expected to exhibit less non-specific ionic
propefties. This resulted from the absence of residual primary amine
groups. However, non-specific ionic properties of the cellulose cannot
be totally eliminated because of the basic secondary amine linkage
found in epoxide activated cellulose. In general, 2-ANS-cel!utose

prepared by Scheme i would be expecied to exhibit enhanced hydrophobic
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or affinity type properties.
The investigation into the synthesis of the 2-AMNS-cellulcse was
terminated at this point. Some of the products prepared were sent far

testing by the potential customer.

3.14 Capacity of N-(6-aminghexyl)-2-naphthalenesulphonamide {(2-ANS)-
cellulose for hovine serum albumin (BSA}

The capacity test was carried out for the following 2-ANS-
celluloses
L. BN 45 and BN 48 which were prepared by Scheme |,

2. BN 40, BN 41 and BN 42 which were prepared by Scheme 2 and
3. DaH 27, DAH 28 and DAH 29 for comparison (see Table 3.2},
The results are summarized in Table 3.7.

The BSA capacities of 2-AMS-celluloses which were prepared by
Seheme 2 {(Figure 3.1) were very much higher than that which were
prepared by Scheme t (Figure 3.1). This was surprising but might be
explained by the presence of approximately 20% of the original DAH
groups which ramained wunsulphonated and could contribute to the
capacity.

For BN 40 to BN 42 shown, the capacity for BSA decreased as the
2-4NS substitution level increased. This was probably due to the
contraction in swollen volume as the 2~ANS substitution was ingreased
{see Section 3.13.3) and thereby, reducing the extent of intsraction
between the ligand and BSA. This shows the effect of overleoading the
cellulogse matrix with hydrophebic groups. The more usual effect in ion
exchange binding was shown by DAH 27 teo DAH 29. As the DAH
substitution increased, the capacity of the DAH-celluloses for BSA

aiso increased.
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Table 3.7 : Results of BSA capacity test

ST TR T I S e S A R S R S IS EERe s
Estimated Protein
2-ANS content capacity
Scheme Matrix (meq/g)! (g/g)
if BN 45 0.39 0.38
EN 48 0.79 0.05
2 BN 40 031 0.78
BN 41 .40 0.60
BN 42 0. 56 0.49
= DAH 27 0. 812 1.22
DAH 28 1302 W
DAH 29 1. 44> 2:.12
Notes

1. See Appendix 6 for calculation details.
2. Refer to the number of titratable nitrogen in meq/g.

3.15 Conclusion

Scheme 2 (Figure 3.1) would appear to be the better route to
preparing a N-(6-aminohexyl)-2-naphthalenesulphonamide derivative of
cellulose. The complete synthesis was carried out stepwise on the
cellulose matrix where the excess reagents could be washed away and
the next step undertaken. Thus, it did not involve the prior
preparation of N-(6-aminohexyl)-2-naphthalenesulphonamide. All steps
were carried out at ambient temperatures.

In addition to these synthetic advantages, the bovine serum
albumin capacities were higher than the corresponding products

prepared by Scheme 1 (Figure 3.1).
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SECTICN 4
AN INVESTIGATION OF THE SYNTHESES OF CELLULOSE AND AGAROSE DERIVATIVES
CONTAINING CITRATE AND ASPARTATE GROUPS FOR THE PURIFICATION OF BOVINE

LACTOFERRIN
INTRODUCT I ON

4.1 Lactoferrin

Lactoferrin (Lf) is an 1iron binding protein found |In mammafian
milk and in a2 variety of mammalian exosecretions (461. !t gonsists of
a single polypeptide chain [471 which |is div}ded into two domains
(48], Each domaln containg an iron-binding site which is similar butl
not identical {48)., It is capable of tight but reversible binding of
two ferric ions per.protein molecule with the synergistic binding of
two bicarbonate or'carbonate- anions [48]. It exhibits bacteriocidal
and bacteriostatic properties [50-521.

Bovine Lf has a molecular weight of B0Q000 (481, Early studies
[53,54] showed that its lscelectric point ig about pH 8.0 but it could
be much higher than this. The. iron saturated protein gives a salmon
pink colour in aqueous solution and shows an absorption maximum at
455nm [551. The concgnﬁrations of bovine Lf in normal miilk, colastrum
and secretion of Inveluted mammary gland are found in the ranges of

0.1 to 0.3, 2 to 5 and 20 to 30 mg/ml respectively [586}.

4.2 lsolation and purification of bovine tactoferrin (Lf)}
There is congiderable interest In purified bovine Lf. Crystals
are required for crystallographic studies as an aid te further

understanding of its biochemical role. it is also a potentially
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important commerciai protein because of 1its bacteriestatic and
bactericcidal properties.

The {scliation and purification of Bovine Lf is often complicated
by the difficulty {n removing the main contaminant, lactoperoxidase
{Lp} {571. This enzyme has a similar molecular weight (Mr = 76000 to
82000) and iscelectric point (pl = 8.8) to LT [58].

There are several methods available for the {sotation and
purification of Lf from bovine milk. When casein is precipitated 1trow
milk by a shift of pH to 4.6, most of the Lf usually remaing in the
whey fraction. Although an early preparation of Lf used the acid
preéipitated casein as =a source {521, it is usuval nowadays to start
with the whey fraction [50,51,54,56,58] or even isolate it directly.
from skim milk [48,60]. Lf can be obtained from whey by elther sa]ting.
it out with the additian.of ammonium sulphate [58] of sodium sulphate
(541, or ‘ separa£ing it using ion exchange chromatography
£46,51,50,60)., In the latter ﬁethad, cation exchangers hgve heen wused
to bind Lf at a pH below its pl ie. pH -8 where most other whey
proteins are anionic and not bound. Such cation exchangers £nclude CH-
Sephadex £46,51] and Amberiite CG50 [(50,601. Alterpatively, an anion
gxchanger, DEAE-celiulése {58) has beemrr used to retain most of the
whey proteins while the basic enes " such as Lf and Lp are eluted off.

~

Figure 4.1} summarizeglthese methods.
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Figure 4.1 : Genera! scheme for the isotation and purification
bovine Lf

milk

of

skim milk [48,860]

acid
whey fraction + casein fraction (53] ~—
salt precipitation cation exchange anion exchange
with (NH:?:S50, [561 chromatography- chromatography-
or Na,S0; [54] ) CH-Sephadex (486,511, DEAE-celiulose [58]

Amberlite CG50 (50,601 )
\ \ ' /

4

crude Lf

Methods_of purification

| - RS

ion exchange - affinity

chromatography- chrematography-

DEAE-cellulose [53,54), ion exchange eg. monocional

CHM-Sephadex [46) or and antibodies to

phosphocelluliose [59) gel filtration to Lf (61,6213
chromatography-

CH-cellulosesSephadex [60)
DEAE-Sephadex/Sephadex [58)
Sephadex/Hydroexyapatite (501
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Further purifiﬁation of thes isclatad Lf.is ganerally achiesved by
one of the following methods : (i) ian exchange chromatography, (11) a
combination of Iion exchange and gel filtration chromatography and
(iii{y affinity chromatography. DEAE-Cellulose [53,54], CH-Sephadex
{461 and phosphocelliulose (591 coplumns have been used to purify Lt by
the first method. In the second method, crude Lf is either passed
through an ionfexchanger followed by a gel filtration column or vice
versa., A combination of columns have been used. They include DEAEZ-
Sephadex A-50/Sephadex G~200 columns (581, CH-cellulose/Sephadex G-100
columns [60] and Sephadex G-100/ Hydroxyapatite columns [501, Finally,
Lf "has also been purified by affinity chromatography using, for

example, monoclonal antibodies to Lf [81,521.

4.3 Criteria for purity of lactoferrin (Lf)

A coriteria for determining the purity of Lf that has been
frequently used is a spectroscopic method [46,55,571, The Lf is {ron
saturated oy adding two to three fold eXcess of O.01M
iron{!lD)nitritotriacetate (Fe-NTA) containing 0.1H bicarﬂonate. The
absorbance of the iron-saturated Lf was measured at 280, 410 and 485
nm. Generally, it is considered to be of acceptable purity when the
absorbance ratios af:

(i) Azao /A s 1S between 27 and 28 and

(ii) T Ayio/Acis 1s between 0.8 and 0,85,

4.4 [nteraction between citrate and lactaferrin (Lf)

Cltrate {n milk has been found . to inhibit the bactericstatic
activity ‘of Lf  [(56,631]. This- suggests that thére may be some
biospecific interaction between citrats and Li; iq which case, citrate

could be used as an affinity ligand ror the purification of Lf.
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A preliminary study [64] carried out in this laboratory on the
purification of Lf by a citrate-agarcse derivative showed promise. It
was decided that the use of the citrate ligand for the purification of

bovine Lf should be further investigated.

4.5 Covalent immobilization of citrate ta cellulose and agarcse

Citric acid can be covalently linked to & polysaccharide matrix
via either an ester 1linkage or an amide linkage. Ester linkagsas
hydrolyze fairly easily so attachment via an amide baond is the
preferred method. This requires the use of an awmino derivative of
either the polysaccharide or the citric acid. An additional advantage
of the amide tinkage is that it allows the use of a spacer arm such as
i,6~diaminohexane (DAH), This 1is a standard procedure in affinity
chromatography where the spacer arm allows the protein to gain access
and carrect alignment with the iigand for maximum interaction [81. The
amine derivative of citrid acid, which is of interest, is
.citrylhexamethylenediamine (CH, D). [t can he attached te the
polysaccharides via either the epoxide activated matrix (se; Secticn
3.2y or 1,1 carbonyldiimidazole (CDI) activated matrix [85,661.
These methods of covalent attachment are shown In-Figure 4.2,

The coupling of CM.D te the epoxide actiyated matrix produces a
basic secbndary-amine linkage indicated with an asteris% in reaction
4-1 (see Flgure 4.2)..fhis nitrogen is charged below pH 11l and. would
give the_ matrix some additiénal ionic properties, . whereas, the
coupling of the ligand to the CD! activated matrix leads to a nonbasic
urethane derivative [651. This nonbasic urethane linkage would nat be
charged and hence, would not inferfere with the anionic charactef of
the citrate ligand covalently attached in this wayl ansequently, thé

citrate matrices prepared by these two methods could have quite
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different properties.

Figure 4.2 : Covalent attachment of citrylhexamethylenediamine to
polysaccharide matrix

{a}) via epoxide activated matrix

Hatrix*OCHZCﬁ?tHg + Ha N{CHz }y NH-citryl

H
# Matrix-0CH;CHCH,HN* (CH; ) NH-citryl

(4-11
{b) via 1,1’ carbonyldiinidazoie {CD1) activated matrix
(i) CD! activation of matrix.
Matrix-0OH + ]m-g—lm —_— Hatrix-G-g-!m .t ImH
ta-2) 7

tii) Covalent attachment of ligand to activated matrix.

Hatrix—D-g-im + HaN(CH, ) NH-citryl

F-Hatrix—O-ﬁ-HN(CHg)“NH-citryl + |fmH
. 0
(4-3)

"

where Im represents the imidazoyl group -N N,

N/

The +two methods of preparing CH,D-matrices which were of
Iinterest included:
i. coupling of citric acid to diaminohexyl-matrix via a water soluble

carbodiimide as shown in equation 4-4,
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Matr{x~NH(CH; ) NH, + citric acid

carbodiimide

=  Matrix~-NH(CH; ), NH-citryt + urea (4-4)

2. the preparation of the CM,D ligand and coupling it to the
.activated matrix as shown in Figure £,3.

In the first method, the disadvantage 1is that it also forms
ester bonds with hydroxy! groups on the polysaccharide matrix and
there is no &ontroi over which of the two different carboxylic acid
groups in citric acid 1is used tc form the amlde bond., In the latter
method, It 1is possible to control which of the twe different
structural isomeré of citrylhexamethylenadiamine, alpha (AY-CH;D or
beta (B)-CHM.D (Structures 4 and 8 in Figure 4.3) is coupled with the
activated matrix. These two compounds have heen previousgly repqrted
{67,681, tThe method -of ér;paring A-CH.D, 4 and B-CH.D, 8 are shown In
Figure 4.3.

The starting material wused was anhydrous citrie écid, i.
Controlled esterification of citric acid gave .rise to sym-dimethyl
C%Erate, 2. Partial hydrolysis of 2 ¢gave asym-monomethyl citrate, 3
which was then used to prepare-A-CH‘D, 4 by reaction with an excess of

1,6-diaminohexane. Hirota et _al. [68] coupled 4 with cyanogen bromide

activated agarose to give A—CH‘D;aéarose and _used it for the
purification of fumaré%e by affinify chromatography.

The trimethyl citrate, B was made by the complate pstérification
of 1. The partial hydrolysis of & gave sym-monomethyl citrate, 7. The
B~CM,D, 8 was prepared by reacting 7 with an excess of DAH which was
then coupled to an activated matrix aﬁd the resulting B-CHM.D-maktrix

was used for affinity chromatography (681,
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Figure 4.3 : Preparation of citrate matrices

Scheme |
CHa COOH H, COOMe H, COOMe
Ho~g-c00H ——— 9 HO-C-COOH = . HO-(-COOH
H, COOH CH, COOMe H, COOH
L | 2 3
Hy, CONH{(CHz ) & NHa
HO-C-COOH
&H, COOH
4
l Activated matrix
H, CONH(CHs ) o NH-Matrix
HO~G~COOH
CH, COOH
5
Scheme 2
H, COCH QHQCDdHe H, COOH
HO-C-COOH  ———a HD-E-CODHQ e e HO-C-CO0Me
H, COOH He COOMe "CH, CO0H
i 8 7
H, COBH -
HO-C-CONH (CH, ) NH,
CH, COOH
8

l Activated matrix
H, COOH
HD-?-CONH(CHg)bNH-Hatrix
CH, CO0H

=l
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4.6 Aigs'of this study

The aims of the work reported In tnls section were initlally two
fold. |
1. To prepare the two citrylhexamethylenediamine compounds by the
simplest route possible with good yields. The prévious work réported
was almed at obtaining absoclute purity of products {67,568].
2. To couple. the two citrylhexamethylenediamine to activated
cellulose and agarose matrices and assess the performance of these
praducts for purifying bavine Lf.
It was also hoped that the binding action of Lf to the citrate
matrlces might be identified as either simply ionic attraction between
the negatively charged carboxylate groups of fthe ligand and general
cationic sites in Lf or, whether there was some specific affinity type
interaction between the citrate and the bhicarbonate Einding sites in

LE.

EXPERIMENTAL

4.7 Materials and equipment
The HP-gellulose 8-50 which 1is now marketed as ﬁINDIONT“ HP-10
cetlulose™ was obtaiqed from Uaitaki !nternationél Biasciences Ltd.,
Chrigtchurch, New Zealand. Sepharose ©6B-100 was obtained from Sigma
Chemical Co., St. Louis, Missouri, USA. Sepharose CL-BB was obtained
trom Pharmacia Fine Chemicals, Uppsala, Sweden. Dowex 50Wx12-200 (H*
torm), Dowex 50WxB8-40 (H* form), citric acid (LR), concentrated
sulphuric acid (AR), <concentrated hydrochlori; écid (AR}, 1,2f
dlichlorcethane <(AR), hromocresol green and epichlorohydrin' were
obtained from BDH, Poole, UK. Dowex S0Wx4-2400 (H* form) and sodium
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borohydride (AR} were obtained from Sigma Chemical Co., 5t. Louis,
Missouri, USA. Sodium hydroxide pellets (AR), concentrated ammonia
(AR), glacial acetic acid (AR) and dimethylformamide (DMF} (AR)D were
obtained from Ajax Chemicals, Sydney, Australia. DMF was dried,
deéassed and redistilled over calcium hydride beforé use. Formic acid
(AR}, anhydrou; diethy! ether (AR), calicium carbonate (LR}, iodine
(LR) and sodium hydroxide concentrate (AR) for making L.QCM standard
solution were obtained from May and Baker Ltd., Dagenham, England.
Scdium chloride (AR} was obtained from May and Baker New Zeatland Ltd.,
Mount Maunganui, Néw Zealand. Silica pfates and 1,1? carbonyldi-
imfdazole were obtained from Merck, Darmstadt, West Germany. Ninhydrin
(AR) was obtained from Koch-light Laboratories Ltd., Bucks, England
and {,8-diaminohexane from RDH, Seelze-Hannover, West Germany.
Amhaerlite IR2-G00 ¢DQH-"foram) was cbiained from Rohm ; Mads iNew Zéaiand
Ltd., Auckland, New Zealand. Methano! (LR} was obtained from Hoﬁi] il
New Zealand, New Zealand and acetone (LR) from Shell 0i| New Zealand
Ltd., MNew Zsaland. Abselute ethanoi (LR} wgs obtained From Chemby
Marketing New Zealand, Wellington, New Zealand, The solvents were
fédistilled before use.

Tosy! salt of aspartic acid dibenzyl ester‘and freshly 1isolated
bovine lactoferrin were gifts frém Dr. D.H.K. Harding and Hrs. H.
Baker ot Massey Uniwversity respectijvely. Purifisd bovine lactoferrin
and bgvine lactoperoxidase were gifts from Dairy Research Institute,
Palmerston North, New Zealand.

All titrations were carried out using an Autoburette ABU i1 from

Radiometer, Copenhagen, Denmark,
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4.8 Preparation of sym-dimethyl, asym-monomethy!, trimethy! and sym-
moncasthy!l cltrate
4,8.1 Preparationlof sym~dimethy! citrate {2, Figure 4.3

The method for preparation of sym-dimethyl citrate was adapted
from methods described by Hirota et al. (87), Fischef et al. (88} and
Pearce [70].

Dowex 50Wx4-400 resin (120m!) was solvent exchanged to methanol
- and was added to anhydrous c¢ciltric acid (182¢, | mol} in methanotl
{500ml, 12.3 wmol). The mixture was ref}uged for about 3 hours (or
until about 2/3 of the. carboxy! groups were methylated determined by
peribdic titration of 0.25ml aliguots of the reaction mixturel). The
resin was removed by filtration and washed with hot methanol (ca.
100ml). The filtrate was concentrated to about half its volume. The
product which crystailized out was collected and recfystaiiized from
methanol ta. removel the trimethylcitrate. The product obtained was
further recrystallized irom water to remove the remaining
contaminants.

The final yield of the pure gsym-dimethyl citrate obt;ined Was
152.3g (684%), nm.p. £21*123°C (literature m.p. 122-124°C [671). Thin
layer chromatography (TLC) showed one spot with a Rf value of 0.88 in
CH; CICH; Cl:MHeQH:HCOOH (7:3:0.5, v/v/v) on silica plate (gi. literature
Rf: 0.69 {6715, The chromatogram was visualized with i{odine vapour
followed, after a time of exposure to the atmosphere to remove the
iodine, by 0.1% ethanolic solution of bromeocresol green.

4.8.2 Preparation of asym-monomethyl citrate {3, Figure 4.3}

The method for preparation of- asym-monomethy! citrate was
adapted from that described by Hirota et _al (67].

The sym~dimethyl citrate (23.8g, 0.1 mol) was suspended in water
(120ml). An aqueous solution (150ml) containing sodium hydroxide (0.2
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mol) was added dropw{se to the suspension with vigorous stirring at
room temperature over 3 hours. After the addition, the stirring was
continued unti] éi! the «caustic had been consumed and the mixture
became neutral. It was stirred for 0.5 hour with Dowex 50Wx12-200
resin {H-type, 200mi). The resin was filtered and  washed with hot
water several times. Cailcium carbonate (10g, 0.1 mol) was added in
smali porticns to the filtrate with constant stirring at 80-50°C to
precipitate out the calcium salt of asym-monomethy! citrate. The
precipitate obtained was filtered washed and resuspended in water (ca.
100mil)., It was desatted with DOWEX 50Wx12-200 resin (H-type, 200mi?’,
Aftef.filtering oft the resin, the resulting solution obtained was
concentrated tg dr;ness to give a colourless syrup. On drying under
vacuum, the crude crystaliine product was obtained in the yield of
11.2g (54.3%), m.p. 116-1i9°C (literature m.p. 118;5-11?.5°C (s71.
TLC showed two épots‘with Rf values of 0.40 and 0.11. The chromatogram
was developed under the same condltions as described in Section 4.8.1.

The Rf values of 0.40 and 0.1! correspondéd to asym-monomethy!i
citrate [587] and citric acid respectively. Assuming that c;tric acid
was the only contaminant, the purity of the monomethyl citrate was
estimated by titrating a knowg weight of it against standard sodium
hydroxide (see Appendix 7). In the abave pfaparation, thg product was
estimated to be 90% pure. Typically, the citric acid contamination was
tound to be in the range of 10-15%, Since citric acid did not
interfere with the subsequent coupling reaciion (see Section 4.8), the
asym-monomethyl citrate obtained by this mwmethod was used without

further purification.



4.8.3 Preparation of frimethyl citrate (§, Figure 4.3)

The trimethyl! ocitrate was | prepared by D.F. Elgar £711.
Concentrated sulphuric acid {(5mi) was added to anhydrous c¢itric acid
{(18.2g¢, O.! moi’ in methanot {(30ml, 0.74 wmol)., The mixture was
refluxed feor 7 heours. UOn cooling overnight in a refrigator, the
crystalline solid obtained was filtered and washed with ice-cold
methanol. [t was suspended in water (30mi} and neutralized with sodium
hydroxide to pH 7. It was then recrystallized from water to give
trimethy! citrate (13.8g) in a yield of &8%, m.p. 78-80°C (literature
m.p. 78-79°C ([721). TLC showsd one spot with a Rf value of 0.83
(titerature Rf: 0.83 [671). %he chromatogram was developed under the
same conditions as given in Section 4,.8.1,

4.8.4 Preparation of sym-monomethyl citrate (7, Figure 4.3} [B67]

A solution (200mi)_containing sadium hydroxide (0.2 mol). was
.added dropwise to a 70% methanol sciution (150mi) of trimethyl citrate
(23,4g, 0.1 mol}) over I2 hours at room temperature with_vigorous
stirring. The solution was concentrated to aboyt 70 ml and was then
passed through a column of DOWEX 50Wx8-40 (H-~type, 250ml). The column
was washed with deionized water. The acidic eluate (ca. I 1) was
concentrated to dryness under reduced pressure. The residue was
recrystalliized from acetone to give_z sym-monomethy! citrate (10.8g).
The concentration ef the mother liquor gave a second cros {Z2.4g). The
averall vyield of _sym‘monomethyl citrate was 65%, m,p. 173-175°C
(titerature m.ﬁ. 174-175C [(871). TLC showed one spot with a Rf wvalue
of 0.54 (literature-Rf: 0.55 [(671). The chromatogram was daeveloped

under the same conditions as given in Section 4.8.1.
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4.9 Preparation of alpha-citryihexamethylenediamine (A-CH,D) and beta-
cftrylhexamethy!enediamine (B-CH.D) (4 and 8, Figure 4.3} [B8]

Asym- or sym-monomethyl! «citrate (20.6g, 0.1 mpol) was added to
1,6-diaminchexane (DAH) (58.0g, 0.5 mol) in water {(40ml>. { For asym-
monemethy! citrate, correction in weight was made according to ¥
purity.] The resuiting solution was alilowed to mix overnight (at room.
temperature for asym-monomethy! citrate-DAH solution and at 37°C for
sym-monomethy! citrate-DAH sejution). The mixture was passad through a2
calumn of Amberlite [IRA-800 (OH-type, 450ml) which binds CH.,D while
allowing excess DAH to be washed away with deionized water (ca. 2.417.
[t was then eluted with 1M hydrochloric acid (ca. 21). The eluate was
concentrated éo dryness under reduced pressure at 40°C..The residue
obtained was dissclved in minimum voluma ;f deionized water. The
solution was pasged through 2 column of DOWEX 50W«8-40 (H-type, 350ml)
which binds CM,D again wgile allowing citrate anions to be washed away
with deionized water (ca. 1.501), [t was then eluted with IH ammonia.

‘The initial neutral eluate was discarded. The ba§ic ejuate {ca. 2.51)
was concentrated to dryness wunder reduced pressure at 50°C. The
residue obtained was dissolved in minimum volume of warm acetic acid.
The product was recovered by precipitation with the addition of an
equal volume of diethyl ether. The resulting precipitate was
recrystallized from 70% ethane! in wéter.

The analytical aéta and the yields obtained were as follogs:
A-CM,D : The yield was 8.0g (2B%), m.p. 1i62-164°C (litérature m.p.
146-148~C [6B1); TLC showed one spet with a Rf value of 0.35 in
EtOH:HCOOH :water (18:1:1, v/v/v) on sil}ca plate (literature Rf: .35
(681).

B-CH.,D : The vield was 2.4g (B%), m.p. 184-187¢C (literature m.p, 179-

181°C [8681r; TLC shawed oane spot with a Rf wvalue of 0.51 in
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EtOH:HCDOH:water (18:1:1, v/v/v) on silica plate (literature Rf: 0.55
(681,
The chromatogramé were visualized with a solution of 0.2% ninhydrin in

acetone,

4,10 Matrix activation
4,10.1 Epaxide activation
The procédure for epoxide activation of «cellulose and agarose
and their subseguent analysis were identical to that found in Section
3.7. In this study, 1% and 3% sodium hydroxide-epoxide activated
cellulose were prepared.
Comparable epoxide activation of moist Sepharose 6B (20g) was
achieved by using the follewing conditions: ‘
(i 0.25M soeodium hyd{oxide solution (16ml) containing sodium
borohydride (3Zmg), epichiorohydrin (1lml), 24 hr., 4°C and
(I1Y 1.54 sodium hydroxide solution (18mi? containing_ sodium
.borohydride (32mg), epichlorohydrin (3ml), 22 hr., room temperature.
4.10.2 1,1'-Carbonyldiimidazole (CDi) activation
{a) Procedure for ¢DI activation of agarose
The moist Sepharose CL-6B (1i0g) was solvent-exchanged from water
to DMF as given in Appendlx 2. CD!. (0.6 to 3.0g) was added to moist
Sepharose CL-6B and was mixed at rocm temperature for aSout t hour. It
was washed with DHF.;nQ used immediately.
(b} CDIl~activaticon analysis
The CD!l~activated agarose (2g) in DMF was solvent-exchanged from
DMF to water as given in Appendix 2. A solution of 1M sodium hydroxidel
(1 to 2ml) was added te moist sample and was left to stand overnignt
at room temperature. After adjusting the pH tol pH 3, nitrogen was

bubbled into the mixture for about 15 minutes to remove carbaonic acid
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as carbon dioxide. lt-uas titrated with 1.00M sodi;m hydroxide to-ﬁH
5. Atter zeroing'the autoburette, the sample was titrated from pH 5 to
8.5 to determine.the amount of imidazoyl groups released. The sample
was transferred quantitatively onte a weighed sintered glass funnel,
washed with deionized water and dried at 60°C overnight followed by
drying at 105°C for about 2 hours,. The CDl-activation level (in-

meq/g) was determined (see Appendix 8)

4,11 Coupling of alpha-citrylhexamethylenediamine (A-CH,D}, beta-
citrylhexamethylenedigmine (B-CM,D} and 6G-aminchexanoic acid (AH) to
activated matrices
4.11.1 Preparation of A-CM,D- or B-CHM.D- and AH-matrices

A-CM,D or B-Chsﬁ (0.8 to 1.5g) or AH (1.9gi was suspended In
some delionized water and was dissolved by titration with sodium
hydroxide tc pH ii. The resulting solution was made up to 10 ml and 1M
godium bicarbonate (pH 1) buifer {(10m!} was added to {t. The final
ligand solutlon was added to the meoist activated:matrix (7.5 to 10.0g}
and was mixed at room temperature for several days {see Tabl;s 4,1 and
4.2)., The product obtained was collected omn a filter and washed
thoroughly with deionized water.
4.11.2 Ligand substitution level analysis

A moist sampie }§g) was washed with O.1M hydrochioric acid (ca.
100ml) tollowed by deionized water until neutral, It was dispersed in
0.5M sodium chloride solution (ca. 10 mli}). A-CM,D- or B-CM,D~ matrix
made from epoxide activated matrices were titrated with 1.00M sodium
hydroxide to pH 7.5. After zeroing the autoburette, {t was titrated
from pH 7.5 to pH 11 to determine the nitrogen content. While the

matrices activated with 1,1’ -carbonyldiimidazole were simply titrated

with 1.00M sodium hydroxide to pH 8 to determine the carboxyl content.
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The sample wag transtecred quantitatively onto a sintered glass
filter, washed with deionized water and transferred to a measuring
cylinder to settie overnight. Once its settled volume was recorded, it
was transferred back to the same glass filter and dried at 80°C
nvernight followed by drying at 105°C for about 2 heours. The number of
titratable nitrogen or carboxy! groups (meq/g} and the swollen volume
{misg) of the product were then determined (see Appendices 3 and & ftfor

more detajls).

4.12 Coupiing of protected aspartic acid to 1,1"-carbonylidiimidazole
(CDl)-activated agarose and S-aminchexancic acid-agarose derivative
4,12.1 Recovery of aspartic acid dibenzyl ester (Asp-0Bz,} from 1its
-tosyl salt

The tosy! salt of aspartic acld dibenzy! ester (Agp-0Bz:! (20g)
was dissolved in diethyl ether (i50ml). The p-toluenea sulphonic aclid
was extracted from the ether layer with IM sodium hydroxide (3xi00ml).
‘The ether layer was washed with water until neutral and was evaporated
to dryness under reduced pressure to give an oil (11.5g}. AS%'UBZ; was
usad as an oil.
4,12,2 Preparation of aspartic acid-agarose derivative (Asp-agarose)

Asp-0Bz; (6.0g) was added to CDi-activated “agarose (10.0g) in
PHF  (10ml} and was mixed at room temperature for 2# hours. After
washing the samplelwi£h PMF, it was solvent exchanged from DMF to
water as given in Appendix 2. A swmal! portion of the sample (ig) was
set aside for benzy!l group analysis (see Section 4.12.4).

| The product was hydrolyzed by holding it at pH 12 with sodium
hydroxide for 2 hours at 30 to 40°C. After the appropriate washings,
the product was titrated to pH 8 with 1,00M soaium hydroxide {(see
Section 4.11.2), This process of hydrolysis and titration was repeated
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until a relatively csnstant titration votlume was obtained, Then, a
portion of the sample was analyzed for its carboxyl content (meg/g)
and swolien valuﬁe (in ml/g) as given in Section 4.11.2.

4.12.3 Preparation of agarose 6-aminohexy! aspartate derivative (Asp-
AH-~agarose)}

Asp-0Bz, (5.4ag) and i-ethyl-3-(3-dimethylamino-propyl} -
carbodiimide (EDC) (0.32g) were added to agarsse-6-asminohexanoic acid
derivative (186.0g) in DMF (10ml). This was mixed at room <temperature
for 2 hours. After the sample was solvent exchanged from DMF to water
as given In Appendix.2, it was base hydroiyzed as described in the
preceding section (Section 4.12.2). The number of carboxyl groups
present {in meq/g) and the swollen volumelin mi/g) of the sample were
determined as given in Section 4.11.2,

4.12.4 Benzyl group analysis [731

asp-DBég—agarose and the  hydrolyzed product, Asp-agarose and
Asp-AH-~agarose were analyzed for the benzy! group content., The dried
agarose derivative (20mg) Wwas hydreolyzed s with concentrated
hydrochloric acid (iml} at room temperature for 10 to 15 minutes. The
resulting clear solution was diluted to 10 m! with methanel., A 1 ml
aligquot was further diluted to 10 m!. The absorbance of this splution
was read at 258 nm ( A... of benzyl alcohol) againsp a blank of
methano! acidified wi}h 0.12M hydrochloric acid. The calibration curvé
for benzyl alcohol was prepared using three standard soclutions of the
alcohol with concentrations of 0.242, 0.483 and 0.723 mmol/l. The
benzy! alcohol was dissolved in methanol acidified with 0. 12M
hydrochloric acid. From this standard curve obtained, the benzyl group
content was estimated (in meqg/g).
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4,13 Stepwise elution of bovine lactoferrin and bovine lactoperoxidase

The matrix was pre-equilibrated with the buffer soiution.and was
packed into a column (2ml). A i% lactaferrin -(Lf) or iactcperoxidasg
{(Lp) soluticn (4ml} in buffer was loaded onto the column and was left
to equlilibrate for 0.5 hour before elution. The coliymn was eluted with
the starting butffer solution {(8mt} and the eitwate (ilml? Was
collected. Then, the column was equilibrated with 0,iM sodium-chloride
golution (4ml).in butfer for about 0.5 hour as before. [t was eluted
with another 6Baml of 0.iM sodium chloride solutien and the sluate
(10ml) was c¢ollected. This stepwise elution was repeated with 0.2,
0.3; 0.4 and 0.5M sodium chleride. The absorbance of the Lf (or Lp}
eluate at various sait strength was read at 280 (or 412) nm.

" 4.14 Continuous gradient elution for purification of isolated bovine
lactoferrin

The orude lactoterrin (Lf) solution (10 mg/mt) was dialyzed
.against 0.025M Tris/HC1 butfer (pH 7.8} so}ution containing O.2M
sodiuﬁ chloride. The matfix was pre-equilibrated with buffér and was
packed into a celumn (100x7 mm diameter). The column was loaded with
the Lf solution (1 ml) and was eluted under a continuous salt gradient
from 0.2 to 0.7M sodium chloride over 75 minutes at 1.0 mi/min. The Lf_
fraction collected was concentraéed to about 2,5ﬁ} by ultra-
tiltration. It was ;;on saturated by adding an excess of 0.0iH Fe-NTA
and its absorbance at 485, 410 and 280 nm were measured. The
concentration of the Lf fraction was necessary to give an absorbance

reading of at least 0.1 at 4865 nm. Tﬂe Azeo/Aavs and As ,o0/A4us ratios

were calculated.
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RESULTS AND DISCUSSION

4,15 Preliminary investigation of binding of lactoferrin (Lf}) and
tactoperoxidase (Lp) on citrate-cellulose derivative (CT 4)
4.15.1 Introduction

The tfirst citrate ceilulose investigated was preparsed from the
reactien of citric acid and diaminohexyl (DAH)-celiulose using 1-
ethyl-3-(3-dimethylamine-propyl) carbodiimide (EDC) as a coupling
reagent [(383. The product obtained, labelled CT 4 after base
hydrolysis to remove any ester bonded -citryl! groups, had a citrate

substitution level of 1.0 meq/g (see Figure 4.4).

Figure 4,4 : Typical reactions in the preparation of CT 4

H H
'DCH: HCHzNH(CH: )5NH2 OCHz HCH2 NH(CH:)QNH'CitT)’I
OH citric acid OH
OH EDC ~0-~citry!

DAH-celluloss

NaQH

?H

-O0CHz CHCH2 NH(CH2 ), NH-citryl

OH
OH

citrate-celluiose derivative (CT 4)
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4.15.2 Elution protftiles ef Lf and Lp

Lf (40mg) and Lp (40mg) were loaded separately onto 2mt . columns
aof CT 4 in 0.02M acetate buffer (pH 5.7), A stepwise elution of the
retained prbtein was carried out using i0ml of 0.0, O.t, 0.2, 0.3, 0.4
and 0.5M sodium chloride in the same buffer (see "section 4.13). The
elution of Lf and Lp from CT 4 at each of these galt strengths is -
shown in Figure 4.5,

The capacity of CT‘ 4 for Lf under the loading conditions wasg
very low as much af it came straiéht through. The rest of the Lf
desorbed at 0.3M-0.4M sodium chloride, A}! the Lp was bound on the
column but was eluted off at a lower ionic strength of 0.2M sodium
chloride. Thus, there was some rescluticn between Lf and Lp an CT 4.
4.15.3 Conclusion

CT 4 showed that it might have some ability to resclive Lf and Lp
‘but CT 4 was . a matrix which contained a random mixture of the alpha
and beta configurational isomers of citrate. The contribution made by
each of these isomers of citrate to the binding.Qf Lt was not ¢lear.
This preliminary finding prompted the preparation of éhe atpha-
citrylhexamethylenediamine and beta-citrylhexamethylenediamine
matrices (see Figure 4.3) so that the eftfect of each ot these |igands

on Lf binding could he investigated separately.
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Figure 4.5 : Stepwise etution of Lf and Lp from CT 4

AAbsorbance
h
3- Buffer: 002M acetafe (pH 57)
2"‘ I_p
I Lf

T T % -
0 01 02 03 0-4 05

Concentration of NaCl (mol/l}

4.18 investigation of binding of Lactoferrin (Lf) and Lactoperoxidase
tLp) or alpha-citrylhexamethylenediamine (A-CH,D) and beta-citryl-
hexamethylenediamine (B-CM,D) matrices

4.16.4 Introduction

CHa CONH(CHa ) 4 NH-Matr ix _ CH, COOH
HD—E-CDDH HO-C~CONH(CH ). NH-Matrix
Hay COOH CH, COOH
A-CM,D-Matrix - B-CH, D-Matrix

The A-CM,D and B-CM,D-matrices (35 and g, Figure 4.3) were
prepared as described in experimental sections 4.10 and 4.11. The
binding of Lf and Lp on these matrices was then investigated. Lf
(40mg) and Lp (40mg) were chromatographéd separately on these matrices
(Zm!| column) in 0.02M acetate buffer (pR 5.7) by stepwise slution of
the retained protein with increasing sodium chlor{de &oncentration as
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described above for €T 4, The @alution profilas of Lf and Lp on thsss
columns were studied. The effect of (i} citrate substitution level,
{ii) porosity of the matrix and (1ii) additional ionic properties of
the matrix on the strength of Lf binding and resclution between Lf and
Lp were examined.

4.16.2 Preparation of A-CM,D- and B-CH,D-cellulecses via epoxide
activation

(a} Properties of A-CM,D- and B-CHM,D-celluloses

The A-CM.,D- and B-CM,D-ceIiuiosea were made at two citrate

substitution levels, The substitution level was determined by
titrating the aminc function of the CM,D between pH 7.5 and ti and
‘this was used as the basis for the citrate content. The properties of -
these matrices prepared from their respecéive starting epoxide

activated geliulaoses (EA-cell) are summarized In Table 4.1.

Table 4.1 : Properties of A-CM,D and B-CH,D-celluloses via epoxide
activation

Swollen Titratable
volume nitrogen?
Code Matrix (mi/g) {meqgrsg)
CT 8 A-CM,D-cellulose'* 25.0 0.31
¢T 9 B-CM,D-cellulose’* 24.4 0.30
CT 10  A-CM.D-cellulose'® 22,4 0.73
CT 1t B-CM,D-celliulose'® 21.4 0.72

Notes

i. Reaction conditions :-

{a) 7.5g moist EA-cetl (0.42 meg/g); lg A-CM,D (0.85g B-CHM.D); B days;
room temperature,

(b) 7.5g moist EA~cell (1.15 meq/g); 1.5g A-CM,D (ig B-CH.D); & days;
2z°C.

2. Equivalent to the citrate substitution level (see Figure #.2).
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{b} Elution profiles of Lf and Lp

The elution protiles of Lf and Lp on the CH(D-celluloses are
shown in Figures 4.6 and 4.7. As shown in Figure 4.8, both A-CM.D- and
B-CH,D-celluloses with low <citrate substitution showed very little
capacity for Lf., Also, the protein was only weakly bound to both

celiuloses., At O.1HM sodium chloride, most of the bound Lf was esluted

otf.

[.f was found to bind wmore 5trongl§ on both A-CMsD- and B-CM,D-
celluloses with high citrate substitution (see Figure 4.7); in
particular, on A-CHM,D-celiulose. However, their Lf capacities were

still low {(only 20mg Lf was lcaded). Most of the Lp were eluted off at
0.1 sodium chloride in both celluioses. The resolution between Lf and
Lp on both celliuloses would be expected to be poor on these matricés.
From these results, both A-CHM,D- and B-~CH.D-celluloses were
found to be of limited use in terms of their capacity for Lf and their
resolution of Lf trom Lp. But they showed that the strength of Lf
binding could be increased by using a high sybstitution of citrate
ligand. The poor capacity for Lf and their weak bind}ng may be
attributed to the lack of porosity of the celluloses studied.
4,16.3 Preparatiaﬁ of A-CH,D- and B-CH,D-agaroses via epoxide
activation
{a} Properties of A-CH,D- and B-CH.,D-agaroses
The A-CM,D- and B-CM;D-agaroses were made at two citrate
substitution levelis., The properties of these matrices prepared trom
their respective starting epoxide activated agaroses (EA-aga) are

summarized in Table 4.2.
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Figure 4.6 : Stepwise ejution of Lf from A-CH,D-celluiose (CT 8) and
B-CH.D-cellulase (CT 9}

AJAbsorbance

i\ : ———o (T8

7\ E——4 (79

Buffer : 0-02M gcetate {pH 57)

01 02 03 WA 05
. Concentration of NaCl (mol/1)

Figure 4.7 : Stepwise elution of Lf and Lp from

A-CH, D-cellulagse (CT
10) and B-CH,D-cellulose (CT 11)

besorbance * Lf (load: 20 mg)
x Ltp (load: 40mg)

— (T 10
—— 0N

Buffer: 0-02M acetate (pH 57}

0 01 02 03 04 05
Concentration of NaCl (mol/l)
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Table 4.2 : Properties of A-CH,D and B-CM, D-agarocses via epoxide

- activation

e

Swollen Titratable

volume nitrogen?®
Code Matrix (ml/g) (meq/g}
AGL133-CT2 ~ A-CM,D-agarosg'* 20.1 .34
AGLI33-CT1L B-CM.,D-agarose'* 22,0 0.33
AGL134-CTt A-CH,D-agarose'® 16. 4 0.63
AGL3a-CT2 B~CHM, D-agaroase'® 16.6 0.58
Notes

1. " Reaction conditions :-
(a) 7.5g moist EA-aga (0.48 meqrsgl); lg A-CH,D (0.85g B-CH.D); 6 days;
room temperature, '
{b) 10.0g moist Ea-aga (1.14 meqgs/gi; 1.5¢g A-CHsD {(ilg B-CM.D); 4 davysy.
22=C.

2. Equivalent to the citrate substitution level (see Figure 4,2).

{b) Elution profiles of Lf and Lp

The elution profiles of LT and Lp on CH,D-agaroses are shown in
Figures 4.8 and 4.9. As shown in Figure 4.8, Lf.yas more tightly bound
on hoth A-CM,D- and B-CHM,D-agaroses with low citrate substitution
compared to the cellulose equivalents (gf. Figure 4.8). The capacity
for Lf had increased significantiy. The tetal Lf loaded (40mg) onto
the 2mi  column was adsorbed. Generally, Lf was eluted off at 0.2M
sodium chioride while Lp eluted off at 0.1t sodium chloride. There was
significant resolutioﬁ between Lf and Lp. Much the same observations
were noted for A-CM.D- and B-CM,D-agaroses with high citrate
substitution except that both Lf and Lp eluted off at higher salt
strength, 0.34 and 0.2M sodium chloride respectively {see Figure 4.,9).
In both <cases (see Figures 4.8 and 4.8}, the alpha linked citrate

derivatives bound the Lf slightly more tightly than did the beta

linked derivatives.
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Figure 4,9 :

Flgure 4.8 : Stepwise elution of Lf and Lp from A-CM,D-agarose {(AG133-
€T 2) and B-CM,D-agarose (AG133-CT 1)
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The results showed that porosity of the matrix was an important
factor. The use of agarose, which has a much higher porosity than
celluiose, had led to an increase in the capacity and the strength of
binding of Lf. The resolution betwsen Lf and Lp was also improved. The
effect of citrate substitution level on the Lf bi%ding was clearly
illustrated. The <change of  the CM,D-agarcses with low citrate
substitution to high citrate substitution caused the Lf to elute off
at a distinctly higher ionic strength.

4.16.4 Preparation of A-CH,D- and B-CHM.,D-agaroses via i,1"-carbonylidi-
imidazole (CDI} activation
(a) Rationale

Stnce A-CM,D-matrices were marginally binding Lf more tightly
than B-CM,D-matrices (see preceding two secticns), it was decided that
only A-CM,D-matrices would be further studied.

The previocus A-CH,D-matrices were prepgred via the epoxide
activation. This mode of activation resulted in a basic secondary
amine linkage which was positively charged wunder the canditiaons
investigated (pH < 11J. It was Ilikely that this ©positive charge was
tying up one of the negatively charged carboxyl groups on the citrate

ligand, for example,

H
Hatrix-OCHngCHzN‘HQ(CH;)aNHCO

CH,
-0,C-C-CH, COO-

OH

[t was hopsd that the removal of this positive charge might possibly

result in a stronger binding of Lf and a better resclution of Lf and
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An attempt was made to remove this positive charge by:

1. reaction of A-CM,D-agarose (AGL34-CT1) with acetic acid using 1~
ethyi-3-(3-dimethylamino-propyl) carbodiimide as a cecupling reagent
and; .

2. reaction of AGI34-CTL with succinie anhydride.

The attempt to remove this positive charge by introducing an amide
linkage was not completely successtful. Presumably, the secondary amine
was in a sterically hindered position. Consequently, it was decided
that A-CHM.D would be best coupled with CDI-activated agarose to give

the nonbasic urethane derivative [65]1, ie.

Aga-D“ﬁ“NH(CH;)hNHCOqHZ
0 HO- - CO0"
CH: coo-

(b)> Properties of A-CM,D-agarose via CDI activation

A-CM.D was coupled with a moderately éétivated agarose (0.77
meg/g) by the CDIl method (see Figure 4.2). This failed to produce a A-
CHM.D-agarose of comparable citrate substitution level (ca. 0.6 meqrsg’.
The coupling of A-CM.D with a highly activated agarose (6.53 meqg/g)
gave the desired A-CHM,D -agarose (AGLSS—CT). {t" had a carboxyl content
of 1.07 megs/g. Thig was approximately 0.54 meq/g of citrate groups.
Because of the absence of titratable nitrogen, the carboxyl content of
the matrix was determined directly., This determination was carriad out
by tirst washing the matrix with acid (0.tM hydrechloric acid) and
water and then, titrating it teo pH 8 to estimate the carboxyl content.
Thus, about 0.54 meq/g (or 8%) of the activated groups had coupled and

the rest hydrolyzed.



(c) Elution profiles ' of Lf and Lp

The eiution profiles of Lf and Lp on A-CH.D-agarose are shown in
Figure 4.10. There was a significant increase in the ionic strength
(0.54 sodium chlorides required for the elution of Lt while Lp was
eluted oft at the same ionic strength (0.2M sodium chloride) as before .
(ct. Flgure 4.9,

The expected increase in the strength of Lf binding and the
aignifticant improvement in the resoclution of Lf and Lp were observed.
Hence, it was necessary to remove the positively charged amine |inkage

resulting trom the epoxide activation. it exerted a wvery significant

influence on the strength of Lf binding.

Figure 4.10 : Stepwise elution of Lf and Lp from A-CH.D-agarose
(AGL35-CT) :

Absorbance

Buffer: 0-8ZM acetate (pH 57)

01 02 03 0-4 05 0-6
Concentration of Nall {(mol/l).
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4.16.5 Summary of findings

it was found that the citrate substitution level, the porosity
and the addit{onal ionic properties of the matrix were important
factors in the binding of Lf and the resolution of Lf and Lp on the
matrix. The strength of Lf binding was strongly dependent on the
degree of citrate substitution. As the citrate substitution was
increased, Lf was eluted off at higher ionic strength. The switch from
cellulose to agarose matrix caused an increase in the capacity for Lf
as well as the strength of Lf binding. Apparently, the higher porosity
{n the agarose matrix permited greater interaction between the citrate
and Lf. Finally, the removal of +the additional «cationic properties
trom the matrix led to a very significant incr?ase in the strength of
Lf binding. The positive charge on the secondary amine in the epoxide
linkage obviously interfered with the interaction between citrate and

Lf.

4,57 Investigation of the nature of interaction .between citrate and LT
4,17.1 introduction '

An attempt was made to determine whether the interaction between
the citrate ligand and Lf was ionic in nature or whether there was
some spacial affinity type interaction involved. Previous work had.
suggested the latter as the esr signal tor the iron atom had changed
when a c¢itrate cellulogse was mixed with Lf {64J. Since the sxtent of
charge on the protein is dependent on pH, spme understanding of the
interaction between the citrate ligand and Lf can be gained by
studying the etfect of pH on the strength of Lf binding tec A-CH.D-
agarose and comparing it with the corresgponding Lf binding.to a simple
carboxymethyl agafose such as CH-Sepharose-fast f}ow'(CH-Sep-ff). The

fatter is a cation -exchanger similar to CH-sephadex which is wused
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extensively tor Lt purification. CM-Sep-ff has an agarose matrix in
place of the cross-linked dextran in CM-Sephadex.

The effect of pH on Lf binding to CM-Sep-ft provides an
illustration of an interaction which is J{onic In nature. This then
served as a basis for comparing the effects of pH on Lf binding to A-
CH,D-agarose. |
4,17.2 Effect of pH on Lf binding to A-CH.D-agarose (AG135-CT:

Li was loaded onto 2ml columns of A-CM,D-agarose (AGL35-CT) and
CM~Sep-ft and was eluted stepwise with an increasing sodium chloride
concentration as described before {see Section 4.13). Lf binding to
these coiumns was studied at three different pH levels using the
following buffers: 0.02M acetate (pH 5.7}, and (.025 Tris/HCI (pH 7.8
and ). Lf binding to CM-Sep-ff was also studied at pH 9.5 using 0.02M
horate buffer, |

The effects of pH on Lf binding to A-CM,D-agarose and CHM-Sep-ff
are shown in Figures 4.11 and 4.12 respectively. The strength of Lf
binding to CH~Sep-ff decreased as the pH was Increased from ﬁH 5.7 to
9.5. This shift towards lower ioni¢ strength for;the elution of Lf as
the pH was increased vas expected when the.binding of the protein was
ba;ed on ionic interaction. The was because the extent of positive
charge on Lf decreased as the pH was increased but the change was
expected to be much greater especia;ly at pH 8.5 if its pl was around
pH 8.0 as reported (S3,54]1.

The same trend in the change otf the strength of Lt bindiné to A-
CM, D-agarose was observed (see Figure 4.11). In the case of A-CH,D-
agarose, the shirft towards lower ionic strength was more distinct,
Presumably, the lower carboxyl density 6n 4-CHM,D-agaraose (1.07 meq/g)
compared to CM-Sep-ff (gca. 1.4l meq/g) was responsible fo; the more

significant shift.
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Figure 4.11 : Stepwise elution of Lf from A-CH, D-agarose (AG135-CT) at
different pH levels
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Figure 4.12 : Stepwise elution of Lf from CH-Sepharose (fast flow) at
different pH levels
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4.17.3 Conciusion

The results suggested that the Lf binding was predominantiy
ionic in nature. Also, the relatively strong Lf binding at §H 9 and
8.5 would indicate that the p! of the protein is much higher than that
cited (¢f. pH 8.0 [53,541). However, it was recognized that there was
incomplete information to fully understand the interaction between

citrate and Lf. Information from other physical methods such as

c¢rystailographic studies, C-13 nmr and esr studies should be sought.

4.18 Preparation o0f agarose aspartate derivative (Asp-agarose) and
agarcse S-aminchexyl aspartate derivative (Asp-AH-agarose)
4.18.1 Introduction

In order to further investigate the nature of the binding action .
of Lt and its purification on A-CM,;D-agarcse, compoupds with similar
structuras tn aitrate in torns of the presesnce of LWo carboxyi groups
were sought for comparison. One such compound is aspartic acid (Asp).
When Asp 13 coupled to CDI activated agarose and ta agarose derivative
containing ©G-aminohexanoic acid (AH), the p;oducts obtained are
aspartate agarogse (Asp-agarose) and 6G-aminohexyl aspartate-agarose
LAgp-AH-agarase) respectively. The structures of Asp-agarcse (I} and
Asp-AHfagarose {11} are shown in Figure 4,13. Asp-agarose ([) and Asp-
AH-agarose (111} are similar to A-CHM.D-agarose (Ill) in that they all
have two unbeound carboxyl groups. The preparation of Ash—agarose
allowed the effect of the spacer arm on the purification of Lfl to be
studied as the coupling of citrate directly to the CD! activated
agarose was not possible. The preparation of Asp-AH-agarose permited

the contribution of the hydroxyl gfcup in the c¢itrate to Lt

purification to be investigated.
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Figure 4.13 : Agarose derivatives containing carboxyl groups

Agarose—Gﬁ-NH-QHfCODH Agarose—OE-NH(CHz)&g—~NH; H-CO0H
g CH, CDAOH H; -COU0OH
{1) Asp-agarose (11) Asp-AH-agarose

Agarose~Og-NH(CHg);NHCD Ha
HO-C-COCH
&tz coon

(lily A-CM,D-agarose

[t should have been possible to prepare Asp-agarose frem CDI
activated agarose by the method used for CM,D-agarose (see Section

4,11) as follows:

Agarozé-og-lm +  HzN-GH-CODH ——~——-Agarose~0&-NH-QH-CDDH + lmH
CH, COOH 2 CH, COOH

(4-51

where [m represents the imidazolyl group, -N

Howaver, when Asp was coupled to CDl activated agarose (2.10 to 6.75
meg/g), the products obtained had very low carboxyl con£ents (0.11 to
$.3! meqrsg). The é;operties of the Asp-agaroses prepared are
summarized in Table 4.3 under Method A,

tn an attempt to prepare a product of comparable carboxyl
content to A-CHM.D-agarose (1.07 meq/g), the coupling of the dibenzyl
ester or aspartic acid (Asp-0Bz:! to the CDl activated agarose was

1nvestigated in DMF., The structure of Asp-OBz; ([V) is shown below.
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Hy N-CH-COQCH, Ph
H,CUOOCH: Ph

(1V) Asp-0Bz,

[t was known that the benzyl| group could be easily h;drolyzed by base
under mild conditiaons (74), whiie the urethane linkage has bean shown
to be stable to iM ammonium hydroxide at 37°C for at least 20 houdrs
£751. Hence, this method of preparing Asp-Aga was investigated as

cutlined below.

Agarose-Dg—Em + Asp-0Bz; — Agarose-DE-Asp-DBzg + imH
(4-6)
NaOH
Agarose-Dﬁ—Asp—DBz: S Agarose-Oﬁ-Asp- + 2PhCH;0H

La-7

As & check on the success of the method, Asp-0Bz, was analyzed for the
benzyl group (733 by spectroscopy before and atter hydrolysis,
4.18.2 Properties of Asp-agarose

Aép—DBz;-agarose obtained from the reaction of Asp-0Bz; with the
CD! activated agarose gave, on hydrolysis, Asp~agaro§e with a much
higher <c¢arboxyl coé?ent (0.86 meq/g). The properties of the Asp-
agarose prepared are summarized in Table 4.3 under Method B.

The benzy!l group analysis showed that the Asp~0Bz,-agarese prior
to hydrolysis had a benzy! content of 0.64 meq/g. This was in goad
agreement with the cacboxy! content determined by titration for Asp~
agarose (see Table 4.3). It showed that the ufethane linkages weré

stable to hydrolysis conditions. The benzyl group anzlysis for Asp-
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agarose showed no detectable benzyl «content 1indicating that the

hydrolysis of the benzy! ester was indeed compiete,

Table 4.3 : Praoperties of Asp-agaroses prepared

Starting Swalien Carboxyl
CDi~agarose volume content
Method Product code used {(meqg/g) (mi/g? {megq/g}
A AG-ASPY 2.10 20.7 O.11
AG-ASP2 3.65 ig.1 0.21
AG-ASP3 3.75 18.1 0.31
B? AG-ASP4 3.48 ' 18.3 0.66
Reaction conditions
i. 7.5g moist CDl(-agarose; 4g Agp added (large exeess); 20ml . 0.5M
bicarbenate buffer (pH 14); room temnmarature; L8 hours (szz Ssacticn

4,113
2. As given in Section 4.12.2,

4.18.3 Properties of Asp-AH-agarose

The AH-agarose was prepared from moist CDl activated agarose
(2.10 meq/g) at room temperature over the weekend as described .in
Section 4.if. It had a carboxyl content of 1.12 meg/g.

Asp-0Bz, was coupled to AH;agarose ﬁsing a carbadiimide as
described in Section 5:12.3. On hydrolysis, the desired Asp-AH—ggarose
was obtalined. It haa a carboxyl content of 1.72 meg/g. On the bhasisg of
the starting AH-agarose, the coupling was not 100% efficient. The
derivative contained a residual amount of carboxyl groups from the
unreacted aminohexancate groups. The benzy!l group énalysislshowed no
detectable benzy! content.
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4.18.4 Elution of Lf and Lp from Asp-agaruse (AG-ASP4) and Asp-AH-
agarose

Lf (iOmg) and Lp (10mg) were loaded separately onto columns
{100x7 mn diameter) of Asp-agarose (AG-ASP4) and Asp-AH-agarose in
0.025M Tris/HCl butffer (pH 7.8). The retained protein was eluted under
a continuous salt gradient from 0.0 to 0.7M sodium chloride at 1.0
ml/min (see Section 4.14). The elution profiles of Lf and Lp on these
columns are shown in Figures 4.14 and 4.15.

Lf eluted from the Asp-agarocss column at about §.4H sodium
chioride while Lp was desorbed at about 0.3M sodium chloride. With the
Asp-AH-agarose column, Lf was not eluted untit about 0.86M sodium
chloride while Lp was desorbed at much the same position ie. 0.3M
sodium chloride. The tighter binding of Lf té Asp-AH-agarose c¢an be’
attributed to its higher carboxyl content aof 1.72 megs/g compared with
only 0.568 megq/g on Asp-agarose. The G-aminohexanoic acld spacer arm on
Asp-AH-agarose might also have allowed a stronger interaction with Lf.
4.18.5 Conclusion

This method of preparing Asp-agarose and Asp-AH-agaroée was not
straightforward or simple. It was a two step process and required
rebeated hydrolysis. However, nc attempt was made to optimize the
reaptionlconditions. The objective was not the investigation of the
'method of synthesis but to pro&uce the required aerivatives for
comparison to A*CH;ﬁ~agarose in  the purification of Lf (see next
section). The results from the preceeding section showed that the
elution of Lf on the two columns could be achieved under similar
conditions to that ot A-CM;ﬁ*agarose (gj, Figures 4.10).
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Figure 4.15 : Continucus gradient elution of Lf and Lp from Asp-AH-
agarose
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4,19 Purification of bovine Lacteferrin (Lf)
4.19.1 [ntroduction

The freshlf isolated bovine LY wused in this study was obtained
trom bovine coclostrum wusing a CM-Sephadex column {78]. Lp and other
whey proteins were removed from the golumn first by elution with ©O.3H
sodium chloride in 0.025M Tris/HC! buffer (pH 7.8} and then atl the Lf
was eluted witn 0.6M sodium chloride. The Lf rfraction used had a
concentration of about L0 mgsml. This crude Lf had ultra-viecliet to
vigible light absorption ratios of Azac/Asss B8Nd Acja haes of 30.9 and
0.70 respectively when iron saturated. 1t was purified on columns of
A-CM,D-agarose, Asp-agarose, Asp-AH-agarose and CHM-Sep-ff as described
in Section. 4.14 to compare their effectiveness and investigate the
aspects of the c¢itrate ligands which, congributed most to the
puritfication of the protein. At least two runs omw each column were
carried out. The properties of the various columns used are summarized

in Table 4.4,

Table 4.4 : Properties of matrices used in Lf purification

Swollen valume Carboxyl content

Matrix (ml/g! {meq/g)
A-CM,D-agarose (AGL35-CT) 16.1 1.07
Asp-agarose (AG-ASP4) 19.3 0.866
Asp-AH-agarose 16.0 1.72
CH-Sep-rt 10.6 1.4t
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4.18.2 Purification af crude Lf

The crude Lf (10mg) was loaded onto each of the columns in
0.025M Tris/HCl buffer (pH 7.8) con?aining 0.2M sodium chloride and
was then eluted with a sodium chloride gradient. Typical elution
profiles of Lf from the columns are shown in Figurés 4.16 to 4.1S. A
small impurity peak was eluted with 0.2M sodium chloride while Lf was
eluted as a broad dilute band at higher salt concentration (0.35M to
0.6M sodium chloride). After <concentrating the Lf fraction, the
Azeo/Asss and Asi10/Ases ratios were determined. The results are

presented in Table 4.5.

Table 4.5 : A;30/Acss and Ay o/Asss ratios of purified Lf

e N e s
i Purified Lf ’
Run #1 Run #2

Matrix A2go/Asss As1o/Asss Azao/Ases Asi1o/Bses
A-CM,D-agarose 26.1 0.75 25.3 0.75
Asp-AH-agarose 26.8 0.78 27.9 .75
Asp-agarose 275 0:75 27.5 0.73
CM-Sep-if 29.9 0.75 29.0 0.74

Ths purified Lt on all columng had Asi10/Asss ratios between 0.75
and 0.77. This showed that the contamination by Lp was minimal (see
Section 4.3). The Lf purified on A-CHM.D-agarose showed the best
Azeo/Ases ratio. The ratio of 25 to 26 indicates a purity better than
previously accepted as the minimum. The Lf purification on Asp-AH-

agarose and Asp-agarose gave a product with improved purity over the

starting material while CM-Sep-ff achieved very little purification.
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Figure 4.18 : Continuous gradient alution of crude Lf from A-CM, D-
agarase
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Figure 4.17 : Continuous gradient elution of crude Lf from Asp—AH-
agarose
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Figure 4.19 : Continuous gradient elution of c¢rude Lf from CH-
Sepharose—-fast flow
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4.20 Conclusian

The wvariation in the strength of Lf binding to the A-CM.D-
agarose with pH suggested a predominantiy ionic interaction between
citrate and the protein (see Section 4.17)., However, the above results
showed that A-CH,D-agarose had a higher specificity for Lf than the
other matrices studied. This indicated that the Lf binding to citrate
cannot be purely by non-specific ion exchange mechanism. Though the
Asp ligands had two carboxy! groups like the c¢itrate, they did not
’show the same specificity for Lf. This provided evidence that some
biospecifiec interaction may be involved., The binding of Lf to
immobilized citrate may ocecur via the bicarbonate binding site of the
protein er seme other citrate binding site not associated with the
iron atom. Further examination of tﬁe binding of Lf to the matrices
using esr techniques might provide better understanding of the nature
of the 1nteréction.

Also, the resuits showed that Asp-agarocse and Asp~ﬁH-agarose
were more effictent in purifying Lf than CM-Sep-ff (see Table 4.5).
This suggested. that there was definite advantage in ’uéing an
immobilized Iigand'COntaining two carboxyl groupslin close proximity.
Apparently, a localized concentration of carbeoxyl groups on the ligand
Was a more importént factor for pur}fying Lf_ than a high density of
carboxyi groups distributed over the matrix as in the c;se of CM-Sep-
ff.

From section 4.16.4, it was found that the matrix containing the
alpha configurational 1isomer of the c¢itrate did not differ very
significantly from the beta Isomer in the binding of Lf. [f it could
be established that the matrix containing the beta isomér would purify
Lf with the same efficiency as the alpha equivaleqt._there would be no

advantage in preparing the matrices containing all alpha or beta
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isomers. [t would be more simple and economical to prepare a matrix
containing a-random mixture of both isomers. The prepa;ation of A-CM,D
or B-CMyD ligand was difficult involving multiple step synthesis
starting from citric acid with none of the steps being straightforward
(see Section 4.5). Hence, it would be advantageous to be able to
prepare the matrix containing a random mixture of both isomers. The
synthesis of such a matrix merely involves the reaction between citric
acid and DAH-matrix using a carbodiimide coupling reagent.

In Sections 4,.16.2 and 4,16.3, it was shown that porosity of the
matfix was an important factor in Lf binding. The celliuleose citrate
derivatives were not very useful for Lf purification and will need to
be made more porous before it could be used on a large scale for

commercial production of Lr with high purity.
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APPENDICES
APPENDIX f : Background to Figures 2.4 and 2.2

{a) Effect of py-S8; on degree of sulphation (Figure 2.1)

. The sulphation of HP-cellulose with py-50: was knawn to be
gquantitative le. there was na loss of HP-ceiqucse or SA cellulose by
disgsolution during reaction or during the wash up procedure {34},

Z. When pure py-50; is wused In a completely anhydrous system, the
sulphation reaction proceeds in such a way that .the total sulphate
substitution on HP-cellulose (1g) varies linearly with the quantity-of
complex used as shoyn in Figure Al.1 (line 1), The slope of this line
is calculated to be 6.28 (on the basis of the molar mass of py-S0:
which is 0.159 g/mmol).

3. The experimental results of the reactions of HP—ceI}ulqse (ig,
batch 1248) with py-S0; at 20°C for 23 hours are, shown in Table Al.1l
(3317,

4.- - The tota! sulphate substitution (n in Table Al.1) on HP-celliulose
was found to vary lineartly with the quantity of py-S0s complex up to
about 2g or complex as shown in Figure Al.l (line 3). The slope or
this tline 1is calculated by linear regression” to Qe 5.15. The
difference in the slopes hetween lines | and 3 is an indication of the
purity of the complex used. From the ratio of the slepes, the camplex
was found to be 8Z% pure. Since there are finite numbers of -OH groups
present for sulphation, the line deviates from ideal beyédnd 2g of
compltex as most of these -0H grﬁups are sulphated. The magnitude of
the intercept on the x-axis showed the amount of %omplex consumed by

water present initially in the system.

112



5. Based on 82%I pure complex, a new theoretical line 1is plotted as
ghown in Figure Al.1 (line 2) using the data worked out in Table Al.Z.
6. If the HP-celiulose (ig) contains 2% moisture and the DMF (25mi>
used has 0.1% water content, then the total! number of mililmoles of

water in the system worked out to 2.5 mmol.

py* -505- + Hy O ~———uo= pyH*HS0,"
Hence, 2.5 mmo! of complex would be consumed by this water. The effect
of this amount of wates in the system on the degree of sulphation is

shown in Table Al.3.

Table AL.1 : Effect of py-S0; on degree of sulphation

Keaction py-50; .8 Yield of nd

number (gl {(meq/g) reaction? (mmal)
¢S 69 0.8 2.47 1.34 3.31
¢S 70 1.6 . 4.23 1,76 7. 44
cs 7t 2.0 4,83 1.97 '8.52
cs 72 3.2 550 2.28 12.54

cs 73 5.0 5.75 2,42 13.92

Notes :
i. D.S. is the degree of sulphation for the reaction,
2. The vyield of reaction is given by:

1
1 - 0.102D.5.
The factor 0.102 is g/mmeol of weight increase resulting.from

the addition of S0;-Na* to HP-cellulose. .
3. n is the numper of millimoilies of S0; Na* added to HP-cellulose.
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Tabhle Ai.2 : Effect of 82% pure py-50; on degree of sulphation under
completely anhydrous conditions

py =503 Effective {py-S0;s1 Total weight Calculated D.S.
tg) (mmol) of SA (g) (mag/g)

0.5 2.588 i.26 2.05

0.8 4,13 1.42 2.91

1.8 _ 8.25 1.84 4.48

2.0 10.31 2.05 5.03
Note :

The peints beyond 2g of complex are extraploted on the basis of the
intercept.

.Tabte At.3 : Effect of 82% pure py~50: on degree of sﬁlphation of © HP-
ceiluloge (ig) with 2% moisture using DHF with 0.1% water content

pY-503 Effective (py-50s] Total weight Calculated D.S.

tg) {mnol) of SA (g) v {meg/g)}

0.5 0.08 1,01 0.08

0.8 1.63 1.17 1.39

1.6 5.75 ' 1.59 3.62

2.0 7.8t 1.80 - 7%
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Figure Al.i : Effect of py-S0; on totat sulphate substitution on HP-
celliulose (1g} .

Total sulphate substitution
on 1g HP-cellulose (mmol)

14~

i i‘ i
3 A 5
weight of py-SO3(g)
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{b) Effect of He; NSO, on degree of Sul#hation {(Figure 2.2)
The experimental resuylts for the reactions of HP-cellulose (lg, batch
1177) with Me;NSG; -at room temperature for 26 hours are shown in Table

Al. 4,

Tabie Ai.4 : Effect of MeyNSG: on degree of sulphation

Reaction Hey NSO5 D.S.

Number (g} (meg/g)
cs 10 1.0 2.860
CS t1 2.0 . 3.89
cS 12 - 3.0 ' 4.07
cs 13 - 4.0 4.0&
CS 14 5.0 4,15

APPENDIX 2 : Scivent exchange of matrix

1. The matrix {s generally solvent exchanged from DMF to water or
vice versa in stages to prevent damage to its structure.

2. 1t is solvent exchanged from DMF to water (or from water ta DMF)
by washing sequentially with DMF, DMF-water (7:3, v/v), DMF-water

(3:7, v/v) and water {(or the reverse order).
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APPENDIX 3 : Preparation of sampie for titration

1. Befoare titration, the sample is generaiiy dispersed in .5HMH NaCl
(10mi). The presence of salt aids equilibration during titration.

2. The following equilibria are encountered in this project.

a. Matrix-0S80;5-H* + NaCl —= Matrix-0S0s-Na* + HCI
b. Matrix-COOH + MaCl —»= Matrix-CDO0- Na- + HC1

¢. Matrix-NHR + Hpy ) —= Matrix-NH*,ROK-
{(or Hatrix-NH;) {or HMatrix-NH;0H" )

Hatrix~N*H; ROH" + NaCl ———s= Matrix-N*HRCI. + Na(OH
"for Matrix-N.H:OH") {or Matrix-N*H;Ci™)

It is HCl or NaOH "released” as a result of the equilibrium which
is titrated.
3. In practice, it.is simpler and equally effective to add a "pinch®
of NaCl to +the sample suépended in deionized water just before

titration instead of dispersing it in 0.5M NaCl.-
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APPENDIX 4 : Calculation of titratablie groups in meg/g and swollen
volume in mi/g )

Let the volume of the standard solution required for titration

=V oml
the molarity of the standard solution = M mol/l
the settlaed volume of the matrix = Vs ml
the dry weight of the matrix = Wg

Then,
Vs
swollen volume = — ml/g
W
HV
fumber af titratable groups = — meq/g
W
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APPENDIX 5 : Epoxide activation of HP-cellulose

1. The dry weight of 105g of moist HP-cellulose 8-50 is approximately
10g ie. it contains approximately 95g of water. ‘

2. If the total volume of solution for the activation (including the
98ml of water in the moist cellulose) is Vml, then X% MNaOH (w/v)

activation requires:

Xv
volume of 10M NaQHd solution = — ml
40
Xy
volume of water = v - — - 85 ml
A0
3. [If excess epichlorohydrin (ECH) is added (1.25Im0195 per mole

MaOH), then

Yo lume of ECH

1.25 . no., of moles of NaOH . molar mass of ECH

density of ECH

= 0.0245¥V.
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APPENDIX 6 : Calculation aof 2-ANS substitution level and coupling
efficiency

I. Degree of epoxide activation

The degree of epoxide activation 1is determined by converting the

epoxide groups to titratable sulphonate groups

/DE NaHs0, EH
Cel | -0OCH,; CH-CH. - Cel1-0CH, CHCH, 505 - Na*
| []
The weight increase from | to 1] is 0.1i04g/meq. [f w g dry weight of
the starting matrin (1Y gives Lg doy weight of the suiphonaled wmatcix
(1) with a degree of sulphenation of N meq/g, then,
w = 1 - 0.104N (1)

Assuming a 100% conversion of epoxide to sulphonate, then the epoxide

cantent, S5 of the activated matrix (1) is given by:
N
S = -
W
N
= —_— meq/g
1 - 0.104N (23
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2. Degree of 2-ANS substitution for matrix prepared by direct
coupling of 2-ANS to epoxide activated matrix {(Scheme i, Figure 3.1}

0 EH
~
Cell—DCH:CH-EH; ~———— Celi-0CH; CHCH;N*H; (CH; ) NHS0, Cy o Hs
Cl-
! I11-
CelI-OCHigH—qH,
H OH
(v
The degree of substitution obtained in 2-ANS cellulose (I11) was
measured by direct titration (see Appendix 4). However, to determine

the efficiency of epoxide conversion, it was necessary to calculate
the number of epoxide groups present in the activated matrix which had
been cenverted. The method of calculation is the same as that for the
sulphonate conversion.

The weight increase fraom | to I1l is 0.343 g/meq. if w' g dry weight
of starting epoxide activated matrix (I) gives ig dry weight of 2-ANS-

derivative (IIl) with a titratable nitrogen content of M’ meg/g, then,
w' o= 1 - 0.343N° (3)

Then this weight, w* had N' meq of epoxide groups on | which were

converted to lil. Therefore, the epoxide content, S5, of the

activated matrix (I) converted to 2-ANS groups is given by:

Sa = N'/w' meq/g (&)
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Then, coupling efficiency of 2-ANS, E, is glven by:
Ea = (54/8) x 100% (5)

where 5 is the actual epoxide content (meg/g) determined by conversian
to sufphohate groups.

This calculation ignores the very small increase in weight,0-018 g/meq,
due to some epoxides being hydrolyzed to the dicl (iV¥}. This
assumption is particularly valid when the coupling efficiency of 2-ANS

groups i{s high ie. greater than 80%,

3. Depree of 2-ANS substitution for matrix prepared by coupling 2-
NSC] to DAH-cellulose (Scheme 2, Figure 3.1)

For 2-ANS-celtulose in the hydrochloride form,

G H
S/
CeIIFDCH;CH:tth"—** Cell—DCH2gHCH2N‘H2(CH2)6N‘H;CI'
ClL-
f v

N

H
Cell-DCHggHCHzN‘Hz(CH,)6NHSDQC,QH7
Cl-

Vi
The weight increass from V to ¥i is 0.154 g/meq. [f x womol of 2-
naphthalene sulphony! groups are added to w" g dry weight of starting

DAH-cellufose (V) to give ig dry weight of the derivative (VI), then,

wh = 1 - 0.154x (8)



If the titratable nitrogen contenis in ¥ and VI are N" and N. meq/g

respectively, then,

¥ = Ntwh - N, (77

Solving equations {(6) and (7), we have,

X 0= (N" - Ng)/(i + O.1S4N™) (8)

Then, the 2-ANS content, S.' with respect to 1g dry weight of starting

DAH-cellulase (V) is given by:

5.7 = AT meq/g. (97

Hence, the coupling efficiency of 2-ANS, E.' is given by:

O.5N" (10}

where E,' is catculated in terms of the percentage of suiphonation of

the DAH groups on V.

For 2-ANS-cellulose in the free amine form (ie. after the removal of

HCl by washing with dilute alkali), it can be shown by a similar

calculation as above that,

#0=  (N™ - hNegd/{1 + 0.118N™) (it

and w'oo= 1 - 0,118x (127



APPENDIX 7 : Eastimation of the purity of asym-moncmethyl citrate

Let the weight of the crude product sampled

= W g
the welght of the asym-monomethy!l citrate = Wy g
the weight of the citric acid = W, g
The mogiar masses of asym-monomethy! ciftrate and citriec acid

monohydrate are 2086 and 210 g/mol respectively.

{f the number of molaes of NaOH required to neutralize the sample is x,

theh, assuming that citric acid is the only contaminant, we have,

(1’
20w, /208) + 3w /210 = x ' T2)

Solving equations (1) and (2), we have,

103w - 7210x

33

Hence, percentage purity of asym-moncmethyl citrate is:

—_ X 100%
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APPENDIX B : Preparaticon of CDl-activated agarosa for titration
i. The CDI linkage in the sample is hydrolyzed with base,

/“._"'.'..“N

//‘.:.-' N ‘
Hatrix-08~N j + NaBH + Hp0 —= Matrix~0H + NaHCO; + HN r

2. The pH of the sample is adjusted to pH 3 with hydrochloric acid to

neutralize the excess base.

3. The nitrogen 1{s bubbled into it tao expel the carbon diayxide

formed.
HCOy- + HY ——» H,0 + C0,

4, The pH 1is adjusted to pH &5 with 1{.00M NaDH teo neutralize the

excess acid.

5. The imidazole hydrochloride is titrated with {.00M NaOH from pH 5§

to pH 8.5,

N:::\

" o _ . \
[ NH*2Cl-  + NaOH —— o [ NH + "NaCl + H,0
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