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ABSTRACT

This thesis describes the immunization protocols for the
production of antibodies against tetanus toxin and toxoid in
guinea pigs and mice. Antibodies were successfully raised
against the toxin without mortalities in either species. The
murine sera obtained, were isotyped by ELISA and the toxin was
proven to be a superior antigen in eliciting production of
IgG,, and IgG,. The two isotypes which have demonstrated
antitumor activity. The anti-toxoid sera exhibited a lower
reactivity towards the toxin and toxoid when compared with
anti~toxin sera. The reactivity of recombinant tetanus toxin
fragment C was studied and the results indicated that in the
murine serum, 72% of anti-toxin or anti-toxoid antibodies were
directed against epitopes on fragment C. The study of the
guinea pig sexra suggested that similar to mouse serum, it can
develop in response to toxin as an antigen, antibodies against
toxin which are mostly directed against the fragment C
porticon. On the other hand, guinea pigs seem to respond to the
toxeoid as an antigen by producing antibodies to more than
fragment C.

Tetanus toxin was digested with immobilized papain cross-
linked to 6% beaded agarose. Different experimental cornditions
were tested and satisfactory yields of <£ragment C were
obtained. Several preparations of toxin were analysed on SDS-
PAGE and were found to be highly fragmented. The preparation

found to contain ‘intact 150,000 dalton single-chain tetanus



toxin molecules was digested with papain and separated by SDS-
PAGE under non-reducing conditions. The results. indicated that
on a larger scale it would be feasible to isolate preparative
amounts of fragment C for further amnalysis.

Recombinant tetanus toxin £fragment C was cleaved with
cyanogen bromide (CNBr) at points containing methionine
residues. The experimental conditions were optimized and the
CNBxr derived peptides were separated on SDS-PAGE. The
separation of the low molecular weight polypeptides was
achieved on a 20% uniform pore gel with 0.5% cross-linking and
containing 10% glycerol. A gel containing the separated
peptides was electrotransfered onto a nitrocellulose
supporting membrane. The reaction of the peptides with the
four different antisera, murine anti-toxin (MTN), murine anti-
toxoid (MID), guinea pig anti-toxin (GPTN) and guinea pig
anti-toxoid (GPTD) gave different /:i:gientity staining patterns.

The ELISA immunoreactivity of antisera derived from
guinea pigs and mice immunized with tetanus toxin and toxoid
was tested in microtitre wells coated with an octameric
Multiple Antigenic Peptide (MAP) containing peptide fragment
| 830 to 844 from tetanus toxin. This MAP was proven to be
antigenic in both species. The immmunogenic fragment 830 to
844 of tetanus toxin must contain at least one linear sequence
of amino acids capable of acting as a T-cell epitope. The
results from these assays also shows that, although this
sequence islimportant for immmogenicity, it is also important

for antigenicity and must contain at least one B-cell epitope.



Guinea pig sera induced by immunjization with both tetanus
toxin and toxoid gave a shallow response to the MAP. This is
indicative of large amounts of low affinity antibodies. On the
dther hand, ancisera from mice immunized with tetanus toxin
and toxoid produced steeper curves which is characteristic of

small quantity of high affinity antibodies.

L]
e

(



o

ACKNOWLEDGEMENTS

I would like to thank Professor René Roy
for all the guidance and support he has given
me during the course of my studies. I am very
appreciative of the time he has spent and the
patience he has demonstrated in the course of

this thesis corrections.

My thanks are extented to Dr Jose Louis
Di Fabio, my co-supervisor and Dr Paul
Percheson for their invaluable help and

allowing me to do the work at Health Canada.

Finally, I would like to acknowledge all
my family and friends for their encouragement
and moral support. My gratitude goes
especially to Nicole Beaudoin for all the
hours she spent deligently editing thig

thesis.



LIST OF ABBREVIATIONS

APC Antigen-Presenting cells

C The constant region

D . Cluster of differentiation antigens

CDRs The hypervariable regions or complementarity

determining regions

CFA Freund’s Complete Adjuvant

Da Daltons

EDTA Ethylene-diaminetetraacetate
ELISA Enzyme Linked Immunosorbent Assay
FMDV Foot-~and-Mouth Disease Virus

GP Guinea Pigs ﬂ

GPTD Guinea Pig anti-Toxoid

GPTN Guinea Pig anti-Toxin

H Beavy chain

HLA-DR A Human Histo-Compatibility leucocyte antigen

HRPO Horseradish Peroxidase

ICFA Freund’s Incomplete Adjuvant
IFN-Y Gamma Interferon

Igs Surface immunoglcbulins

in-z Interleukin-2

Iv International Unit

K cells Riller cells

kD Rile Daltons
KLH KReyhole-limpet Haemocyanin
L Light chain

.



LD,

Lf

Mabs

MHC II.

Mol wt

MWCO
NC
O.D.
PBS-T
rTTC

SDS-PAGE

SPPS
T. cells

TCR

TNF-R

T, cells

Lethal dose at 50%
Limit of flocculation
Murine

Monoclonal Antibodies

Multiple Antigenic Peptide

Class II Major Histo-Compability complex molecules

molecular weight

Murine anti-Toxoid

Murine anti-Toxin

Molecular Weight Cut-Off

Nitrocellulose

Cptical Density

Phosphate buffer saline-Tween
Reccmbinant fragment C of Tetanus Toxin
Sodium Dodecyl Sulfate (SDS)-PolyAcrylamide
Electrophoresis (PAGE)

Solid;Phase Peptide Synthesis

Cytotoxic T cells

The T cell antigen receptor

Tetanus Toxoid

Helper T cells

Tetanus Immune Globulin

3,3’,5,5’ Tetramethylbenzidine

Tetanus Toxin

Tumor Necrosis Factor-8

Suppressor T cells

The variable region

He
| i

Gel

i



i

-~
——

TABLE OF CONTENTS

Chapter 1: Immunologigal Considerations
1.1 Introduction

1.2 T lymphocytes and their receptors

1.3 Antigenic reactivity of proteins

1.4 Antibodies

1.5 The T-cell antigen receptor

Chapter 2: Cancer Immmotherapy

2.1 Introduction
2.2 Tetanus toxin
2.3 Toxoid Production

2.4 Immunogenicity of tetanus toxoid

Chapter 3: Preparation of Antibodies against

Tetanus toxin and toxoid

3.1 Introduction

3.2 Results and discussion

3.2.1 Isotypes

3.2.1.1 Introduction

3.2.1.2 Determination of isotype and their relative
concentration in the generated murine
antibodies

3.2.2 Reactivity of Murine and Guinea pig sera

iii

19

19

22

23

26

28

28

29

29

29

13

30

41



3.2.2.1

3.2.3

Introduction

Reactivity of fragment C of tetanus toxin

3.3 Summary

3.4 Experimental

PART A -

3.4.1

3.4.1.1
3.4.1.2
3.4.1.3

3.4.2

3.4.2.1
3.4.2.2

3.4.2.3

PART B -

3.4.3
3.4.3.1
3.4.3.2
3.4.3.3

3.4'4

3.4.4.1
3.4.4-2

3.4.4.3

Immunization with tetanus toxin

Murine antibodies raised against tetanus toxin
Introduction

IMMUNIZATION PROTOCOL

Reagents and methods

Guinea pig antibodies raised against

tetanus toxin

Introduction

IMMUNIZATION PROTOCOL

Reagents and methods

Immunization with tetanus toxoid

Murine antibodies raised against tetanus toxoid
Introduction

IMMONIZATION PROTOCOL -
Reagents and metheds

Guinea pig antibodies ra?sed against

tetanus toxoid

Introduction B
IMMUONIZATION PROTOCOL:

Reagents and.ﬁethods

PART C - Indirect Enzyme-LiﬁkedjImmnnosorbent

Assay (ELISA)

41
41
45
46
46
45
45
47

48

50
50
51
51
53
53
53
53

54

55
55
55

56

57



3.4.5
3.4.5
3.4.5
3.4.5
3.4.5

Introduction

.1 Principle of the test
.2 General

-2.1 Reagents and Equipment
.2.2 Sera

-3 Method

PART D - ELISA ASSAYS

3.4.6

3.4.6
3.4.7
3.4.7

3.4.8

3.4.8

Determination of isotype and relative
concentration of the murine‘antibodies
generated against tetanus toxin ard toxoid

-1 Assay protocol
Determination of the titre of murine antibodies
generated against tetanus toxin and toxoid

-1 Assay protocol
Determination of the titre of guinea pig
antibodies generated against tetanus toxin
and toxocid. Detection of €. tetarni antitoxin

.1 Assay protocol

Chapter 4: Enzymatic breakdown of TT'with

Immobilized Papain
Introduction
Schemaﬁic representation of papain digestion of
tetanus toxin
Results and discﬁssion

Summary

57
57
58
58
61
64

64

64
66

66

68

68

70

70

‘72

73

77



4.5 Experimental 79

PART A - Papaih digestion of tetanus toxin 79
4.5.1 Intreduction 79
4.5.2 Reagents and Equipment - 79
4.5.3 Method 81
PART B - Separation of tetanus toxin digested with
immobilized papain on SDS-PAGE 83
4.5.3 Introduction 83
4.5.3.1 Reagents and Equipment 83
4.5.3.2 Preparation of stock solutions 85
4.5.4 Method 87
4.5.4.1 Preparation of the separating gel 87
4.5.4.2 Preparation of the stacking gel 88
4.5.4.3 Sample preparation 88
4.5.4.4 Preparation of molecular weight standards 89
4.5.4.5 Electrophoretic run conditions 8%

Chapter 5: Cyanogen bromide cleavage of Tetanus

Toxin Fragment C at points containing

Methionine residues 92
5.1 Introduction 92
5.2 Results and_discussion 94
5.2.1 Introduction 94
5.2.2 SDS-PAGE of CNBr generated fragments 97
5.2.3 Western Blot of fragment C cleavage products | 100

Vi



5.3 Summary

5.4 Experimental procedures
PART A - Cyanogen bromide cleavage of tetanus toxin

fragment C at peoints containing methionine

residues
5.4.1 Introduction
5.4.2 Reagents and Method
PART B - Separation of (NBr cleaved tetarnus toxin C

fragment on SDS-PAGE

5.4.3 Introduction

5.4.4 Reagents and equipment

5.4.5 Preparation of stock solutions
5.4.6 Method

5.4.7 Electrophoretic run conditions

PRRT C - Electrophoretic transfer of SDS-PAGE gels

5.4.8 Introduction :
5.4.89 Reagents and Equipment
5.4.10 Preparation of Buffers

5.4.11 Method

PART D - Immunoblot on nitrocellulose membrane
5.4.12 Introduction

5.4.15 Reagents and Methods

Chapter 6: Multiple Antigenic Peptide
6.1 Introduction

6.2 Solid phase peptide synthesis

102

103

103
103

103

105
105
105
105

106

EEEBEEESRSBS



6.2.1

Introduction

6.3 The Direct approach

6§.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7

6.3'8

Introduction

The Polymeric support
Functionalization and anchoring
Repetitive deprotection/coupling cycle
Protection

Coupling or Activation

Deprotection

Cleavage

6.4 The indirect approach

6.4.1

6.4.2

Introduction

The importance of orientation

6.5 Limitations of synthetic peptide vaccines

6.6 The MAP approach

6.6.1 Introduction

6.6.2

Advantages of MAP

6.7 Results and Discussion

6.7.1

6.7.2

Introduction

ELISA assays

6.8 Summary

6.9 Bxperimental procedures

APPENDICRES

Appendix I. Nucleotide sequence of Tetanus Toxin

Appendix IIX. BIO-RAD Protein Assay

REFERENCES

viii )

EEEHEEEENEEEEEEEEREER

120

139

139

140
145

146



FIGURE 1.1

FIGURE 1.2

FIGURE 1.3

FIGURE 1.4

FIGURE 1.5

FIGURE 1.6

FIGURE 2.1

DIAGRAM 1

FIGURE 3.1

FIGURE 3.2

FIGURE 3.3

Table 1

FIGURE 3.4

FIGURE 3.5

LIST OF FIGURES DIAGRAMS AND TABLRES

T helper cell recognition of foreign
protein antigen

Receptors for foreign antigens on
lymphocytes

Model of epitopes on a protein

The interaction of an epitope and its
homologous paratope

The general structure of immunoglobulins
B and T cell antigen recognition

T cell epitopes in fragment C of Tetanus
Toxin

Indirect ELISA

Isotype determination of Murine Antibodies
reacting with Tetanus Toxin

Isotype determinatiorn of Murine Anti-toxin
reacting with Tetanus Toxin (TN) and
Toxoid (TD)

Isotype determination of Murine Antibodies
reacting with Tetanus Toxoid

Percentage Values of IgG Isctypes

Isotype determination of Murine Anti-toxoid
reacting with Tetanus Toxin (TN) and
Toxoid (TD)

Murine Antibodies reacting with Tetanus
Toxin, Toxoid and xTTC

b 4

11

14

27

32

34

36

37

38

40

43



FIGURE 3.6 -iinea Pig Arntibodies reacting with Tetanus

Toxin, Toxoid and rTTC 44
FIGURE 4.1 The papain cleavage site on tetanus toxin

is at Lysine residue 865 71
FIGURE 4.2 SDS~-PAGE of two preparations of tetanus

toxin 75
FIGURE 4.3 SDS-PAGE separation of tetanus toxin

digested with papain, tetanus toxin
fragment C and undigested toxin 76
FIGURE 4.4 SDS-PAGE of two preparations of tetanus

toxin under reducing and non-reducing

conditions i 78
FIGURE 5.1 Cyanogen Bromide action on Methionine 93
Table 5.1 Molecular weights of expected peptides 95
FIGURE 5.2 Amino acid sequence of expected peptides

from cyancgen bromide cleavage of fragment C 96

FIGURE 5.3 SDS-PAGE of CNBr generated peptides 99
FIGURE 5.4 Immunoblot of Fragment C Cleavage Products 101
FIGURE 6.1 Schematic representation of the core matrix
of the MAP 18
FIGURE 6.2 General Scheme of SPPS i
Figure 6.3 Protecting group strategies in SPPS 125
Figqure 6.4 General structure of 8-branch MAFP core 130
, Figure 6.5 A map of the major human Th epitopes of tt 132
Figure 6.6 The structure of the MAP constructed by
Dr Roy et al ‘ 133



FIGURE 6.7

FIGURE 6.8

FIGURE 6.9

FIGURE 6.10

Reactivity of a-tetanus
with MAP (1 pug/ml)

Reactivity of a-tetanus
withk MAP (1 ug/ml)

Reactivity of «-tetanus
sera with MAP (1 ug/ml)
Reactivity of a-tetanus

sera with MAP (1 pg/ml)

[y

1

toxin Murine sera

toxoid Murine sera

toxin Guinea pig

toxoid Guinea pig



Chapter 1: TImmunologigal Considerations

1.1 Introduction

The immune system has evolved primarily to preserve the
biological identity of the individual (self) eliminating all
the possible sources of foreign antigens (non-self). It is
characterized by its ability to discriminate between myriad
different antigens. The task of eliminating non-self antigens
without attacking self antigens can be carried out properly
only if the system has the ability to discriminate precisely
between self and non-self antigens. This essential feature of
the irmmne system has evolved to a sophisticated level of
complexity.?

Recogﬁition of antigens is mediated by T and B
lymphocytes. To protect the individual, the lymphocytes must
be capable of recognizing any potential pathogen such as
bacteria, viruses, parasites or tumors. The basic
immunological strategy has been to generate a large potential
repertoire of antigen-specific receptors by sScmatic
rearrangement of gene segments (relatively few germ line genes
would give rise to many mutated genes during the lifetime of
the individual), to distribute them clonally and then select
against cells expressing-receptors able to recognize self
antigens, allowing the differentiation of lymphocytes
expressing receptors potentially able to recognize non-self

antigens.

l
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1.2 T lymphocytes and their receptors

B <cells can recognize antigens in their mnative
conformation either free in solution, on membranes, or on the
surface of cells, using surface imminoglobulins (Igs) as their
specific antigen receptor.?®

The T cell antigen receptor (TCR) is structurally
different from antibody. It is generated by different sets of
genes and most T cells can onrly recognize antigen on the
surface of other cells. There are two types of T cell antigen
receptors. The of and the +yd heterodimers. The T cell
population is heterogenocus with respect to both functional
capabilities and cell surface phenotype. They are divided
structurally into helper T cells (T, cells): which promote
cell mediated and antibody responses; cytotoxic T cells (T,
cells): which lyse antigen-bearings cells; and suppressor T
cells (T, cells) whichk specifically suppress immune responses.
Phenotypically T, cells are CD4+ and T, cells are CDS8+. Subsets
of leukocytes can be differentiated by various proteins
expressed on their surface membrane. These cell surface
markers are referred to as CD (cluster of differentiation)
antigens. As of 1989, seventy-eight of the human leukocyte
antigens were officially recognized and given cluster
designation numbers ®*CD1®" through "CD78". The CD4 molecule is
one of the first human T cell differentiation antigens that
was defined by a monoclonal antibody. CD4 is found on a subset
of peripheral blocd T cells that is alsoc characterized by the
lack of the CDE8 molecule.’



Antibodies

Specific recognition
occurs at these sites
on the receptor

T cell receptors

FIGURE 1.2 Receptors for foreign antigens on lymphocytes*



The CD4+ subset includes the T-helper cell population and
is present on the helper/inducer T cell subset that comprises
45 + 10% of normal peripheral blood lymphocytes. The D8+
subset includes the T-suppressor cell population and is
present on the cytotoxic/suppressor subset which comprises 28

+ 8% of normal peripheral blood lymphocytes.>

1.3 Antigenic reactivity of proteins

The antigenic reactivity of a protein is located in those
regions of the molecule that are recognized by the binding
sites or paratopes of certain immunocglobulins. The region of
an antigen that is recogrnized by a paratope is called an
antigenic determinant or epitope.® Immunochemists have

raditiorally divided antigenic determinants into two

structural categories: (a) continuous determinants, in which
all the residues in contact with antibody are contained within
a single segment of the aminoacid sequence of the antigen and
(b) non continuous determinants, in which residues are far
apart in the sequence but are brought together by the folding
of the protein in its native conformation, for example by
disulfide linkages.’

Conformational epitopes (nog continuous) correspond to
the vast majority of epitopes found on proteins. Antibodies,
the antigen receptors of B cells, fregquently xrecognize
conformational epitopes. When an animal is immunized with the

antigen in its native conformation, the antibodies formed will



recognize the antigen only if the protein molecule is intact
and its conformation is preserved. However, it is possible
that approximately 10% of antibodies directed to
conformational epitopes are able to react with linear peptide

fragments of the protein.

Epitope 1

Epitope 5

<

FIGURE 1.3 Model of epitop=s on a protein. The shaded areas are the

specific epitopes. They are composed of chain segments that are either

continucus (epitcpes 1 and 2) or conformational (epitopes 3-5).°



The binding of an antibody to its antigen results from a
specific interaction between the antigen binding site of the
antibody or paratope ané the antigenic determinant or epitope

of the antigen that elicited the immune xesponse.

FIGURE 1.4 The interaction of an epitope and its homologous
paratope. The bonds between an epitope and paratope include hydrophobic
interactions, Van der Waal's forces, hydrogen bonds and ionic bonds. It is

* particularly notable that charged residues on the antigen are frequently
neutralized by oppositely charged residues on the antibody.®

7



An epitope is not an intrinsic feature of a protein
existing independently of its paratope partner, but a
relational entity that can be definedl only in an operational
sense by the binding of a complementary paratope. Not every
residue in a so-called continuous epitope is necessarily a
contact residue interacting with the paratope.

H.M. Geysen et 21’ synthesized an immunogenic epitope of
the immmologically important coat protein of foot-and-mouth
disease virus (type 0,) located with a resolution of seven
amino acids, corresponding to amino acids 146-152 of that
pProtein using rapid concurrent synthesis. Then, a complete
replacement set of peptides, in which all 20 amino acids were
substituted in turn at every position within the epitope, were
synthesized. It was found that the leucine residues at
positions 148 and 151 were essential for reaction with
antisera raised against intact virus. Other residues could be
replaced by any amino acid, without affecting binding, and
their role is probably limited to that of a scaffold
presenting no direct interactions with residues .of the
antibody.

Evidence shows that short sequences of two or three
residues can be recognized by antibodies, and it is possible
that longer peptides may bind to an antibody because of the
presence in the peptide of a few contact residues interspersed
by noninteracting residues. The weak antigenic reactivity of

short peptides can be magnified when the peptide antigen is

,H
/



tested at high concentration in a solid-phase assay or in
immmoeblotting. Such assay formats favor the binding avidity
of multivalent immunoglobulin molecules.

Many studies have established that certain antipeptide
antibodies are able to neutralize the bioclogicai activity
associated with the native state of proteins. For instance, in
many viruses it is clear that immunization with peptides can
lead to tke formation of antibodies that neutralize wviral
infectivity.!® These findings imply that the antipeptide
antibodies recognize the native state of the wviral protein
present in infectious virus particles. However, such instances
of cross-reactivity does not mean that the linear peptide is
able to exactly reproduce the structure of the epitope present
in the native protein, because a limited degree of resemblance

may be sufficient to allow antibody cross-reactivity.

1.4 Antibodiesg' ¥ 3 :

Antibodies comprise a family of glycoproteins consisting
of two distinct types of polypeptide chains linked by both
covalent and non-covalent bonds. Two identical heavy (H)
chains and two identical 1light (L) chains, 1lirked by
intrachain and intexrchain disulp-hide bonds. The light chain
polypeptide, molecular weight (mol wt) of 25,000 Da is
characteristic of this whole group of glycoproteins whereas
the heavy chain (mol wt of 50,000 to 77,000 Da) is

structurally distinct for each class or subclass. These chains



are linked together by covalent and non-covalent forces to
give a four-chain structure based on pairs of identical heavy
and light chains. Enzymatic treatment of antibodies with
papain cleaves the immoglobulin molecule into three
components: two Fab fragments and a third component, the Fe
fragment. If the enzyme pepsin is used, a fragment containing
the two Fab regions still joined together by a covalent bond
is obtained. This fragment, termed F(ab')2, is able to bind
and precipitate antigen. The two Fab fragments separately are
able to bind but do not precipitate antigen since they are
univalent. Fragment Fc appears to be similar between
antibodies, suggesting that antibody variability and
heterogeneity is a function of the Fab fragments.

The results of extensive amino acid sequence analysis of
many immunoglcbulin chains have revealed that each
imminoglobulin polypeptide could be divided into two distinct
regions, the variable (V) and the constant (C) regions. The
variable regions is located at the amino-terminal end of each
chain and the constant region lies in the C-terminal portion.

Amino acid analysis of the variable region of antibodies
with different antigen specificities has shown that certain
p.ositions vary considerably more than others and that the
variable aminoc acids are neither randomly nor uniformely
distributed throughout the variable region, but are clustered
in three or four particular, relatively small areas known as

the hypervariable regions or complementarity determining

10



regions (CDRs). X-ray diffraction studies of antibody-antigen

complexes, show that the sites of contact between the antibody

and antigen can involve amino acid residues in the CDRs and

that these are located at rhe extremeties of the Fab arms.

uojyiod qe

Carboxy termini

|f";

FIGURE. 1.5 The general structure of immuneglobulins®
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Immunoglobulins can be divided into different classes and
subclasses depending on the antigenic detexrminants located on
the heavy chain. Five distinect classes are recognized in most
higher mammals, ramely IgG, IgA, IgD, IgE and IgM based on the
five classes of heavy chains {(y, «, &, ¢ and p). Some classes
are heterogeneous, and can be further divided into subclasses.
There are four subclasses of the human heavy chain called
Yir Y2r Y3 2nd 7vy,, thus the four bhuman IgG subclasses: IgG,,
IgG,, IgG; and IgG,. There are also two subclasses of a chain,
o, and o, therefore IgA, and Iga,.

The genes for every class and subclass of heavy chain and
for both types and all the subtypes of light chains, are
present in all bhealthy members of a species. Each of these
distinct forms is known as an isotypic variant or isotype. The
immunoglobulin heavy chkhain classes and subclasses are
responsible for the biclogical effector functions of antibody
molecules. Light chains are of two major types (x and )\). The
type of light chain present in a particular antibody does not
effect the class or subclass of the immmoglobulin. Although
both &« and A light chains are present in all species, the
percentage of each type of light chain that is expressed can
vary considerably. In the mouse the 1light chains are
predominantly of the x type, approximately 95% x and only 5%

A, whereas in human the ratio of x to A is approximately 2:1.%

12



1.5 The T-cell antigen receptor

Antigen recognition by CD4+ T lymphocytes differs from
that by antibodies in a number of important aspects. Whereas
antibodies bind antigern molecules free in solution, CD4+ T
lymphocytes recognize peptide fragments of antigens that lie
in the antigen binding pocket of class II major histo-
compability complex (MHEC) molecules expressed on antigen-
presenting cells. Specificity of T cells is determined by
structural features of both the MHC molecule and antigenic
peptide. MHEC class II amino acid sequences are highly
polymorphic (large numbexr of variants at the same gene locus)
within a population, and correlate with individual differences
in response to infectious agents, vaccines, tumour antigens,
and autocantigens.* Antigen  processing involves the
intracellular catabolism of proteins to produce immunogenic
peptides that bind to class II MHC molecules.?® MHC class II
expression occurs constitutively on c¢lassical antigen-
presenting cells (APC) like Langerbhans cells of the skin,
dendritic, macrophages and B cells.® The part of the
proteolytic fragment which interacts with the T cell antigen
receptor (TCR) is a continuocus epitope and is called a T cell

epitope.

13



1. Membrane antibody
{immunoglobulin; ig}
recognizes native
antigen

Uptake by
antigen-
presenting cell
(endocytosis)
MHC molecule with
tound peptide on the
surface of the antigen-
presenting cell
Processed
antigen - TcR
tpeptides)
2. T cell receptor {TcR)
recognizes
peptide - MHC
complex on
the antigen-
presenting cell
P " FIGURE 1.6 B cells can recognize native antigens; T cells
. ¢ i recognize peptide-MHC complexes on antigen presenting cells.!
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T cell antigenic epitopes in native pProteins are
generally unable to interact directly with MHC molecules
because of their internal location or other steric hindrance
constraints. The antigen-specific immune response is initiated
by CD4+ T lymphocytes that are activated by the antigen bound
to a relevant MHC class II protein on the surface of antigen-
presenting cells (APC) .Y

Recognition of MHC proteins complexed with Peptides
derived from protein antigens, stimulates DNA synthesis and
cell division, and causes the release of lymphokines that
mediate T-cell function.?® One of the hallmarks of class IT MEC
molecules is their extraordinary allelic polymorpbhism.

Unlike the antigen receptors, however, the polymorphism
of MEC molecules is maintained in the germline MHC genes.
Different MHC haplotypes vary in their ability to present
different antigens and for this reason MHC genes control
immune responsiveness, acting at the level of T cell antigen
recognition. The ability to generate receptors which can
recognize any antigen means that there must be specific
mechanisms to prevent auto-immune reactions.

The effect of allelic polymorphism in T cell responses is
dual: quantitative effects, epitope selection, that is the
capacity for high affinity or effective binding of particular
peptides and qualitative effects, T cells are unable to bind
free antigen in the same way as B cells and need to see

antigen on the surface of accessory cells, forming a
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trimolecular complex. Two highly ielated MHC molecules that
differ by a single residue could bsth bind a particular
peptide, however an individual T cell receptor will only bind
to one form.? The same antigenic peptide may indeed be
recognized bound to many differemt DR molecules, and it has
been demonstrated for tetanus toxin peptides.!’ The structural
basis for this broad binding capacity to DR molecules could be
for conformational reasons. So we can not talk about T cell
epitopes simply by loocking at their sequences. It is in the
context of the MHC molecule to which they are bound that
actually determines the structure that a receptor can
recognize. Similarly, a single amino acid substitution may be
sufficient to drastically decrease the binding of a peptide to
a class II molecule.?** Thus interactions between peptides and
class II molecules usually tolerate aproximately 80% to 90% of
single amino acid substitutions in the peptide molecule
without appreciable effects. In contrast, recognition of the
peptide-MEC complex by the TCR is highly specific since it
accepts only 10% to 20% of single amino acid substitutions in
a given peptide.® Overall, the peptide-class II molecule
interaction is permissive and the recognition by TCR’s is
speéific.

It is well established that T lymphocytes are unable to
bind free antigen. They recognize antigen as a ternary complex
formed with MHC gene products on the membrane of accessory

cells. Furthermore, the T cells must encounter that same gene
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product expressed by the host during their development.??

Another major difference between T cell and antibody
recognition of an antigen is that T cell recognition tends to
be limited to a small number of immunodominant sites, whereas
antibodies recognize sites all over the surface of a protein
molecule.® Usually, only a few of the peptides that might be
released by protein breakdown are immunogenic, i.e., capable
of stimulating T cells and initiating an immune response.
After recognition of peptide-MHC complexes, the TCR transduces
signals, resulting in the production of cytokines and the
entry of the cell into a proliferative cycle.®* Human CD4+ T
cells represent a functionally hetercgeneous population in
their profile of cytckine production. Tyl cells produce gamma
interferon (IFN-y), IL-2, and tumor necrosis factor (INF) -8;
these cells promote macrophage activation (which results in
delayed type bhypersensitivity) and production of both
complement-fixing and opscnizing antibodies.

Ty2 cells produce IL-4, IL-5, IL-6, IL-9, IL-10, and IL-
13, provide optimal help for humoral immune responses
{including immunoglobulin E (IgE)], and promote both mast cell
and eosinophil differentiation and activation. In the absence
of a prominent differentiation to Tyl or Tg2 cells, most CD4+
T cells produce both T,1- and Ty2-type cytokines and are called

Ty0 cells®.
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Broadly speaking, the lymphokines produced by T,1 cells
promote cell-mediated immune responses, augment IgM and IgG2
synthesis by B cells, and activate macrophages. The Tg2-
derived lymphokines, on the other hand, lead to enhanced IgGl
and IgE responses and to increased numbers of local and/ox

circulating eosinophils (eosinophilia).?®®

Ly
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Chapter 2: Cancer Immunotherapy

2.1 Introduction

An ideal vaccine should confer long-lasting, preferably
life-long, protection against the disease. It should be
inexpensive enough for large-scale use, stable enocugk to
remain potent during shipping and storage, aad leave no
adverse effects on the recipient.?¢

The progression of cancer depends not only on the
intrinsic malignant potential of the tumor, but also on the
patient'é immumne response. AsS a c¢onsequence, it may be
possible to increase resistance to cancer by stimulating
specific anti-tumor immunity with a vaccine.?®

Human cutaneocus malignant melanomas have been
demcnstrated to be immunogenic in patients by ii vitreo and in
vivo analyses. Sialylated glycosphingolipid (gangliosides)
antigens are prominent constituents displayed on the surface
of melanoma cells. Active specific immunotherapy with vaccines
constructed of gangliosides is a conceptually attractive
approach to treat and possibly prevent melanomas.?’ However
gangliosides axre poorly immunogenic because they do not appear
to bind to c¢lass IX major histocompatibility complex molecules
(MHQ’ II), which explains the T-cell independence of
carbohydrate antigens.?®

The recognition of an antigen by T lymphocytes is

essential for its effective elimination by the host.
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T lymphocytes of the CD4 or CD8 subsets recognize antigen
but only after an interrmal processing event by antigen
presenting cells (APC) that results in the generation of
imminogenic peptides. Such peptides associate with
histocompatibility molecules to Zorm bimolecular complexes on
the cell surface. The T cell receptors for antigen recognize
the bimolecular complex and initiate the events that result in
an inflammatory response.?’

Ganglioside-targeted passive immunotherapy by monoclonal
antibodies involves the administration of monoclonal anti-
ganglioside antibodies capable of mediating antibody-dependent
or complement-dependent c¢ytotoxicity. Long-term repeated
administration of murine monocloral antibodies is not
possible, since patients develop anti-murine immunoglobulinsg,
which cause hypersensitivity against foreign proteins.
Tﬁerefore, regression is dramatic but temporary, and
recurrence is common. Human monoclonal antibodies against
ganglicsicdes showed no significant response, unless the
patient’s melanoma possessed the target antigen to which the
human monoclonal antibody was directed.

Ganglioside-targeted active specific immunotherapy with
purified gangliosides has been proven ineffective because
gangliosides alone do not possess intrinsic adjuvanticity.?®

There is currently a need for wvaccine development to
improve the immunogenicity of ganglioside epitopes, which by

thel;:selves are poorly immunogenic. Although the low
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immunogenicity of gangliosides can be circumvented by linking
them to highly immunogenic large carrier molecules and
adjuvants, such carriers derived from current vaccines have
not proven to be generally effective. The importance of
carriers is their ability to stimulate T belper cell responses
neéessary for the generation of humoral responses which
require cooperation between T and B cells. Tetanus toxoid {TT)
is such a carrier molecule because it has been used for human,
vaccination for many years and is devoid of side-effects.
However, there are twe limitations in using TT as a carriexr
molecule. TT is usually administered in clinical situations in
amounts of 5 ug onto which it is possible to couple only a
small amount cf gangliosides.

Several studies have also demonstrated that the immune
response against a synthetic epitope conjugated to TT car be
suppressed by pre-existing immunity against this same
carrier.

The aim of this project is to define epitopes of tetanus
toxin and characterize a T helper cell epitope mapped on
fragment C. This is part of a project which focuses on the
production of Multiple Antigen Peptide-Carbohydrate Conjugates
for cancer immunotherapy and serodiagnosis. .

The 'I.‘ heiper cell epitope will be used‘:t‘:l.'b l"éfa'nstruct an
octameric multiple antigen peptide (MAP) which will constitute
the T-cell dependent carrier core. The construction of the

octameric carbohydrate-peptide cluster will overccome the
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problems of low immunogenicity of gangliosides, the
imminoregulatory mechanism of epitopic suppression and the

problem of antibody class switching.

2.2 Tetanus toxin

Tetanus and botulism have fascinated mankind since they
were described by 'Iwwoxkp&rnc (Hippocrates) cited by Major
(1965) and Kiermer (1817) respectively.’® The progress in
understanding these diseases started with the detection of the
causative bacteria and their toxins at the end of the 1Sth
century, namely Clostridium tetanus and Clostridium botulinum.
The clostridia are anaerobic rods, are generally gram-positive
and many produce exotoxins. Several species are pathogenic,
and many occur as saprophytes in the soil and in the
intestinal tracts of man and other animals.

Tetanus toxin is a highly potent neurotoxin produced by
toxigenic strains of Clostridium tetani, an anaerobic
organism, which is widely dispersed in nature. It binds to
the presynaptic membrane at the neuromuscular Jjunction,
penetrates into the motormeuron and moves retroaxonally to
reach the cytoplasm of the inhibitory interneurons of the
spinal cord. Here it blocks the release of neurotransmitters,
thus causing the spastic paralysis of tetanus.?"®

In most animal species the LD,, (the dose of toxin
reqi:.ired to kill 50% of a group of animals within a specified

time) is in the range of 1 to S ng/kg, i.e. 10°® molecules are
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sufficient to kill a mouse.?® It has long been known that the
disease is due to active secretion of the toxin and the ascent
of Immunology bas led to the development of toxoids and
antibodies that paved the way for treatment and prophylaxis of
the diseazse.’® Efficient resistance to tetanus is induced by
vaccination witk formaldehyde-treated toxin or toxin
subfragments.?’

Tetanus toxin is a protein, containing no 1lipid or
carbohydrate moieties and has a mol wt of 150,700 Da. It is
synthesized as a single-chain polypeptide and upon release
from the bacterium, it is -processed by endogenocus proteases
into two subunits, desigmated light and heavy chains which are
h:eld together by a single disulfide bond. According to the
new ncmenclature (8th International Conference on Tetanus,
Leningrad, 1987)," the toxin is composed of three domains, A,
B, and C. Fragment A, the light chain (mol wt 52,000 Da) and
fragment B.C, the heavy chain (mol wt 98,560 Da) .?* The amino
acid sequence nf tetanus toxin was determined simultaneously
by two groups by cloning the gene that codes for the toxin
(APPENDIX I) .*%-4*

2.3 Toxoid Production

Tetanus toxoid is the immurizing antigen protecting
against the adverse effects of infection by tetanus organisms.
To produce the conventional tetanus vaccine, the highly
toxinogenic Harvard strain of C. tetani is grown in a

semisynthetic medium in a fermentor for about one week, until
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the bacteria 1lyse and release tetanus toxin .into the
supernatant. The average yield obtained under these conditions
is approximately 60 ¢to 80 Lf/mL (Lf, the 1limit of
flocculation, is equal to the amount of toxin flocculating
most rapidly with one unit of antitoxin) (1 Lf = 2-2.5 pg of
tetanus toxin) .*?

The culture is then filtered, and the filtrate containing
the toxin is detoxified by adding formaldehyde to a final
concentration of 0.5%. The pH is adjusted to 7.6 and the
supernatant is then stored at 37° C for four weeks to allow
the complete detoxification of tetanus toxin. During the
detoxification process, formaldehyde reacts with the toxin
molecules, peptones, and other proteins present in the medium.

The f£irst reaction involves mainly the e-amino groups of
lysine, is rapid, fully reversible and results in imine

formation (Schiff’s base):
+
R-NE, + E,.CO | R-NE- CH,0H + H' = R-NE=CH, + H,0 (1)

+ =
R-NH=CH, + H, NR . R-NH-CH,-NH-R + H' (2)

whereas the second reaction occurs much more slowly and
involves the reaction of cne of the above unstable products
with a second molecule containing an amino group (1), an
imidazole ring (2), or a phenol ring (3). The final result of
the formaldehyde treatment of tetanus toxin involves a

cross-linkage between an e-amino group of lysine and (a) a
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second amino group, (b) a histidine, and (¢} a tyrosine or a
tryptopkhan, through a stable methylene bridge (-CH,-).

Thegse products are present in the acid hydrolysates cf
toxoids and can be easily identified by amino acid analysis.
Obviously, these reactions can occur (a) between amino acids
of the same toxin molecule, resulting in internal
cross-linking of the protein; (b) between two toxin molecules,
resulting in dimerization; or (c)} between a small peptide
present in the medium and a toxin moclecule.

It is alsoc likely that 3-D structures are affected,

therefore making toxic conformational epitopes.

R—NH, + H,CO 2 R-NH-CH,OH + H' & R-NH=CH, + H,0

1. R—NH; + R—NH-CH;OH » R-NH—CH,-NH-R + H,0

2. R-NH—CH,OH + HC=C-R - R-NH-CH;-C=C-R + H,0
[ I |

HN N BN N
N v
CH CH
C-R C-R
A\ 4\
HC CH HC CH
| .
3. R-NH-CH,0OH + HC CH -+ R-NH-CH,—C CH + H,;0
N/ \W4
C—OH C-OH
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A schematic representation of this process is shown in the
figure of the previous page: when the formaldehyde is added to
the culture supernatant containing the toxin molecules
surrounded by a molar excess of peptones deriving fron; the
culture medium, the main reaction that occurs is a
cross-linkage between the peptones and the toxin molecules,
such that, at the end of the process, the toxoids are cozted
with a pumber of peptides deriving from the beef used to
prel.;:are the medium. These peptides are unnecessary antigenic
determinants. The purification of the toxoid is carried out in
two stages. The crude toxoid is first passed through an
ultrafilter and the concentrated toxoid is then subjected to

fractional precipitation with ammonium sulfate.

2.4 Immmmogenicity of tetanus toxoid

Vaccination with tetanus toxoid elicits immunologic
memory indicating that it is a T lymphocyte-dependent antigen.
This memory should be useful when conjugating T cell-
independent polysaccharide antigens to tetanus toxoid.

Tetanus toxin, a protein of 1,315 amino acids, has a
molecular weight of 150,700 Da. The scheme followed for the
preparation of tetanus toxin peptides by specific enzymatic
and chemical pr§cedures described in this project is as

follows:
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T CELL EPITOPES IN FRAGMENT C OF TETANUS TOXIN

Light chain Heavy chain
1 457 458 1315

A B c

L s s

PAPAIN DIGESTICON

1 457 458 864 865 1318
A B Fragment C
I—s—$—l
Fragment C

CNBr | CLEAVAGE

865 939 9401946 947[980 981 1053
1054 1149 1150 1240 1241 1315
— ] C 1 — 1
FIGURE 2.1 T cell epitopes in fragment C of tetanus toxin.

1: 916-932, 2: 937-967 and 3: 1273-1284
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Chapter 3: Preparation of Antibodies against

Tetanus Toxin and Toxoid

3.1 Introduction

Antibodies are serum immunoglobulins with binding
specificity for particular antigens. The usual methods for
eliciting antibodies involve immunization with purified or
partially purified antigen preparations.! Immunization of mice
or guinea pigs can easily be accomplished by injecting “etanus
toxoid or toxin in doses that do not cause toxicity. Freund’s
Complete Adjuvant {CFA) was used for the generation of
antibodies in both animal species. The composition of CFA is
minexral oil containing heat-killed mycobacteria (Mycobacterium
tuberculosis or Mycobacterium butyricum) and is used as an
emulsion with aqueous antigen. The Freund’s incomplete
adjuvant (ICFA) is mineral oil used as an emulsion with
agueous antigen.'’ The route of administration of a mixture of
antigen and Freund’s adjuvant was by a subcutaneous injection.

Immunization with purified toxin is more difficult
because the nervous system is more sensitive to tetanus toxin
than the immune system.‘! Therefore, the animals were protected
by a combined subcutaneous injection of toxin and antitoxin in

the first immunization. Sl
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3.2 Results and Discussion
3.2.1 Isotypes
3.2.1.1 Introduction

It is known thac protection against infectiocus agents is
achieved by successful induction of antibodies of the
appropriate class to a subset of recognizable epitopes
(sequential and assembled) conventiornally called protective or
neutralizing epitopes.*

Monoclonal antibodies (MAbs) to melanoma are specific and
powerful inhibitors of growth of tumors in experimental
animals and in patients. Inhibition of tumor growth depends on
antibody isotype. It has been shown conclusively that only the
Mabs of IgG,, and IgG, isotype were effective in melancma tumor
destruction whereas MaAbs of IgG,, IgG.,. IgM and IgA isotype
were inactive.!* The ability of IgG,, MAbs to inhibit tumor
growth in nude mice strongly correlates with their reactivity
in antibody-dependent macrophage-mediated cytotoxicity assays.
IgG,, MAbs that are reactive ip vivo are also reactive in these
assays in vitro. Complement, however, mediates lysis of target
cells with MAbs of IgG, and IgM isotypes and not IgG,,."

Human IgGs consist of four isotypic subclasses which are
structurally closely related and show > 95% amino acid
sequence identity between homologous domains (IgGl, IgG2, IgG3
and IgG4). The differences all lie in the heavy chains which
bave been labelled ¥l., 72, ¥3 and ¥4 respectively. The heavy

chain is responsible for the effector functions of antibody
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molecules. These functions are mediated by antibody constant
regions.

The most basic requirement for a cancer vaccine is that
it should stimumlate a strong and c¢linically effective
antitumor immune response in humans. Evaluation of a vaccine’s
immunogenic potential involves measuring the antibody and
cellular responses which it is able to induce in humans, and
determining whether these responses are directed to tumor as
opposed to unrelated antigens.*®

Anti-Melanoma antibodies for example must have strong
anti-tumor effects either by themselves or in the presence of
complement or effector cells such as killer (K) cells or
macrophages. Antibodies of some isotypes efficiently activate
complement, bind to high affinity receptors on monocytes, and
act synergistically with antibody-dependent effector cells to

produce cytotoxicity such as IgG,, and IgG,.*’

3.2.1.2 Determination of isotype and their relative
concentration in the generated murine antibodies

The qualitative identification and quantitative

determination of antibodies made by an immunized animal,

provide useful information concerning the immune system. The

spe%d and sensitivity of ELISAs make them the assays of qhoice

for isotype determination.

| The murine antibodies raised against tetanus toxin and

toxoid (pool of 3 mice) were isotyped by ELISA using a 96-well
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plate coated with Tetanus toxin ard toxoid. Five
concentrations of toxin and toxoid (10, 5, 1, 0.1 and 0.01
pg/ml) in carbonate buffer were absorbed at 200 ul/well for 18
hours on a microtitre plate at 4° C. The different sera
produced were assayed against these concentrations and the
optimal antigen concentration, based on maximal activity of
positive sera and acceptable background activity of negative
sera, was 1.0 pg/ml of toxin and 0.5 ug/ml of toxoid. Various
dilutions of the sera were also assessed for optimal binding.
The murine antibodies raised against tetanus toxin and toxoid
were diluted 1:100, the optimal dilution obtained in trial
assays and applied to the plates as described above for 1 hour
at 37° C. After immunoglobulins reactive with the coated
antigens had adhered, the wells were washed with 0.01 M
Phosphate buffer saline, pE 7.2 containing 0.05% Tween 20
(PBS-T) and rabbit antibodies directed against murine IgGl,
IgG2a, IgG2b, IgG3, IgM, IgA, k chain and A chain were applied
to identify reactive species. The incubation with a secondary
goat anti-rabbit IgG (H+L)-HRP conjugated antibody and the
3,3’,5,5’ Tetramethylbenzidine (TMB) peroxidase substrate
resulted in a coler reaction whick was measured at 450 nm and
led to the ident:ification of the different isotypes. As these
concentrations and dilutions were found to be optimal in
binding for each antigen and antibody, one can make a
comparison of the extent of the binding, as measured by the

0.D. of the color reaction. The 0.D. values depicted in the
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A diagramatic representation of the Indirect ELISA for

the determination of the different isotypes is shown below:

—E Goat Anti-Rabbit HRPO

)-L Rabbit anti Murine Isotypes

Murine Antibodies

~ Tetanus Toxin or Toxoid

INDIRECT ELISA

DIAGRAM 1. Indirect ELISA
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Figure 3.1 is representative of results of plates coated
with toxin only, but treated with both mouse anti-toxin and
anti-toxoid. The highest binding of the toxin with either
anti-toxin or anti-toxoid was seen to be with the IgG,
fraction. The light ckhain of either antiserum was of the
kappa type rather than the lambda type. Since in the mouse,
the light chains are predominantly of the kx type, this finding
was expected. In any one molecule light chains are of the same
type and hybrid molecules do not occur.®® IgA showed the lowest
binding, and IgM moderate binding at about 28% of the IgG,
level. The other subgroups of anti-toxin and anti-toxoid
showed differential binding with the coated toxin in that IgG,,
and G,, from the anti-toxin were fairly reactive (52% to 66%
of the IgG,) while those isotypes from the anti-toxoid serum
were little reactive. The IgG, isotype, although of low
binding, also displayed this difference. Of noteworthy
interest was the observation that as an immunogen the toxin
had elicited more IgG subgroups than had the toxoid. The
toxoid was able to elicit IgG, and IgM. Considering that IgG,,
and IgG, isotypes have demonstrated antitumor activity rather
than the other isotypes,®”® the tetanus toxin appears by the
present studies, tc be a superior antigen for eiiciting such
pProduction. The anti-toxin displayed the strongest binding of
the two sera towards the toxin. This antiserum was next
e:iéa:nined_. for its binding against toxoid coated wells in

comparison with those coated with tox:i_.n.'
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Figure 3.2 represents results of plates coated with toxin
and toxoid where the antiserum to the toxin was thus compared.
This one antiserum showed virtually the same binding with
toxin and toxoid in all isotypes. The kappa chain was again
seen to be involved, while the IgG, shewed the highest levels.
The IgG,, and IgG, were in the range of 52% to 66% of that
level, for either antigen. The IgG, and IgM levels were in the
i6% to 28% range of the levels of the IgG,, while the IgA and
lambda chain had minixal binding. The similarity of binding
measurements of the two sera with either antigen suggested
that epitopes on the toxoid were equaliy well recognized as
those on the toxin by the Ig isotypes in the anti-toxin. This
observation suggests also that the different concentrations of
coating antigen did not make a quantitative difference to the
binding under optimal conditions.

The binding of both anti-toxin and anti-toxoid antisera
against'wélls coated solely with the toxoid is shown in Figure
3.3. Again the kappa chain of these antibodies was seen as
responsible while the lambda chain and IgA had negligible
binding. The IgM of either antiserum was slightly more
reactive than IgA but at 20% to 25% of the most reactive
isotype, the IgG,. Again it was seen that the IgG, of either
antiserum was equally reactive with toxoid.

However, the IgG.,, IgG;,, and IgG; isotypes differed
between antisera: the isotype derived from the a.nti-to:f:oid was

little reactive.
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The IgG,, and IgG., from anti-toxin reacted with toxoid at
about 70% of the level that IgG, reacted. The anti-toxin IgG,
reacted at about 25% of that. These findings have suggested
that generally anti-toxoid antibodies have a limited variety
of binding in comparison to anti-toxin antibodies. Figure 3.4
depicts comparative testing of the binding of anti-toxoid
against both toxin and toxoid.

Low binding of the antiserum was confirmed by the low
cquantities of Iga, IgG,, IgG., and IgG, against either antigen.
But the antiserum did demonstrate that its main binding was in
IgG, with either antigen, and that the kappa chain was the
dominant reactive light chain. The percentages of values for
the IgG isotypers in the two sera were estimated and are shown
in Table 3.1. These results confirm that, the selection of
antigen determines the type of isotype produced and that the

antibodies produced cross-react with the toxin and toxoid.

Percentage Values of IgG Isotypes

1gG; IgG.. IgG,, IgG,
a-Toxin vs Toxin 42.2 27.7 21.5 8.5
a~Toxin vs Toxoid 37.0 26.2 26.4 10.4
a:Toxoid vs Toxoid 76.6 8.8 8.2 6.4
a-Toxeoid vs Toxin 74.7 9.9 10.4 7.1

TABLE 3.1 Binding of the murine antibodies generated against tetanus toxin

and toxoid with toxin and toxoid. The percentage values of the different IgG
isotypes were calculated from the absorbance maxima at 450 nm. The ELISA was

performed as described earlier. The sera used were from a pool ¢f 3 immunized
mice.
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Thus toxoid as antigen appears to have provoked
antibodies mainly in the form of IgG,, and of IgM at omne
quarter the IgG, binding (Figure 3.4). It is the toxin which
appears to have elicited antibodies withk a variety of isotypes
(Pigure 3.2), and for the most part these globulines reacted
similarly with toxin and toxoid.

Having looked at the subfractions of the antisera to
whole toxin and toxoid it became of interest to examine the
binding of the whole sera with fractions of the antigens in
order to map the antigenic epitopes recognized by the antibody
combining sites (paratopes) of the sera. The paratopes are

complementary to the structure of the epitopes.
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3.2.2 Binding of the Murine and Guinea pig sera
3.2.2.1 Introduction

The assay was performed essentially as described by
Voller et al.* Briefly, 96-well plates were coated with
Tetanus toxin or toxoid. Antibodies raised against tetanus
toxin and toxoid were applied to the plate for 1 hour. Next,
the plates were incubated with horseradish peroxidase
conjugated goat antibodies directed against the Y chain of
mouse immunoglobulins. The addition of TMB peroxidase
substrate resulted in a colour reactiocn and the absorption was
determined at 450 om.
3.2.3 Binding of FPragment C of Tetanus Toxin

The specific fraction of the toxin known as fragment C,
which is a product of papain digestion of toxin, is known to
be an antigenically reactive portion, and recombinant fragment
C of tetanus toxin (rTTC) is commercially available for
testing. Figure 4.1 will demonstrate how fragment C can be
obtained from the toxin, howevexr, the product used for this
study was a commercial sample. It was used to compare the
binding of the MAP, toxin and toxoid with the antisera.

Figurg 3.5 shows the binding of the two murine antisera
with coated antigens, developed by enzyme linked to antibody
to the ¥y chain of the mouse Ig. Thus, the readings should
represent the sum of the binding measurements of the Ig
subtypes. The antisera reacted with whole toxin at levels such

that the binding was, for the anti-toxoid, 80% of the binding
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with the anti-toxin. On the other hand the whole toxoid
reacted less (about 50%) with its own antiserum that with the
anti-toxin, which is consistent with the lower binding
measurements seen in Figure 3.4 than seen in Figure 3.2. This
observation indicated that toxoid, as an antigen, was less
immunogenic than toxin. The rTTC reacted with anti-toxoid at
about 80% of the level at which it reacted with anti-toxin.
This ratio was similar to the differertial binding of whole
toxin with the two antisera. The lower total wvalues for
binding of either antibody with rTTC wexre approximately 70% of
the values for the binding with the toxin. This suggested that
in mouse serum, 28% of anti-toxin or anti-toxoid antibodies
are directed against epitopes not found on fragment C and that
the bulk of the antigenicity in both sera have their origin in
the C fragment.

The latter comparison, of murine anti-toxin and anti-
toxoid with toxin, toxoid and rTTC (Figure 3.5) was next
retraced using the two guinea pig sera which had been produced
against toxin and toxoid. Figure 3.6 indicates that the two
guinea pig sera were close to each other in binding with the
toxin, and the difference may not be significant, anti-toxin
showing S54% the binding of the anti-toxoid, while against the
toxoid anti-toxoid showed 92% the binding of the anti-toxin.
Additionally there were similar levels of binding of guinea
pig anti-toxir to toxin and to rTTC (the former being 95% of

thevlatter) which suggested that most of the antibodies in
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i

the antibodies in this anti-toxin are again directed against

epitopes within the fragment C.

Murine sera

N H
[0)] ..

QOO0 , A4 —2a NN
Ohroo TheoaNns

Optical density at 450 nm

I

N

Toxin Toxoid

Antgens coated on plate

N\

C

7
%§§§§

N

N .
A Anti-toxin sera k\ Anti-toxoid sera

FIGURE 3.5 Murine Antibodies reacting with Tetanus Toxin,

Toxoid and rTTC
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Against fragment C the anti-toxoid showed only 75% of its
reactivity against the anti-toxin, and a similar 75% ratio was
seen when comparing the anti-toxeid reactivity against
fragment C and against whole toxin. These observations
suggested that unlike mouse serum, guinea pig serum can
develop, in response to toxin as antigen, antibodies against
toxin which are mostly directed against the fragment C
portion. On the other hand, guinea pigs seem to respond to the
toxold as antigen, by producing antibodies to more than
fragment C. That is, since 75% of the toxin reactivity of the
anti-toxoid is against fragment C there must be antibodies

against other epitopes as well:

Guinea pig sera

fg E:EE T T 7 % R
S 124 N ’
=\
//A Anti-tox:zz: S Coatedigjat:nti-toxoid sera

Toxin, Toxoid and rTTC
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3.3 Summary

In summary, immunization protocols for the production of
antibodies against tetanus toxin and toxoid were established.
Antibodies were successfully raised against the toxin without
mortalities in either species. The murine sera obtained, were
isotyped by ELISA and the toxin was proven to be a superior
antigen in eliciting production of IgG,, and IgG,, the two
isotypes which have demonstrated antitumor activity. The anti-
toxoid sera exhibited a lower binding towards the toxin and
toxoid when compared with anti-toxin sera. The binding of rTTC
was studied and the results indicated that in the murine
serum, 28% of anti-toxin or anti-toxoid antibodies are
directed against epitopes not found on fragment C. The study
of the guinea pig sera, suggested that unlike mouse serum,
guinea pig serum can develop, in response to toxin as antigen,
antibodies against toxin which are mostly directed against the
fragment C portion. On the other hand, guinea pigs seem to
respond to the toxecid as antigen, by producing antibodies to
more than fragment C. That is, since 75% of the toxin binding
of the anti-toxoid is against fragment C there must be

antibodies against other espitopes as well.

()
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3.4 Experimental
PART A - Immmization with Tetanus toxin

The Protein concentration of the sample of Tetanus Toxin
{(TT-1, Connaught Laboratories) used for immunization was

determined using the BIO-RAD Protein Assay (Appendix II).

3.4.1 Murine Antibodies Raised Against Tetanus Toxin
3.4.1.1 Introduction

Fifteen pg of Tetanus Toxin (TT) and 15 IU (IU is defined
as the activity contained in 0.3094 mg of the WHO
International Standard for Tetanus Antitoxin) of Tetanus
Immine Globulin, EHuman (TIG) mixed withk equal volume of
Complete Freund’s adjuvant (CFA) were administered to each of
Twenty Swiss Webster female mice, weighing between 13 and 15
grams each, subcutaneously (the antigen adjuvant mixture is
injected into the loose connective tissue located between the
skin and the underlying musculature). The antibodies produced
during a primary response are mostly IgMs. A booster irjection

(secondary immunization) was administered nine weeks later

. .consisting of 20 ng toxin alone. The secondary response to the

_same antigen is much faster, more potent and produces -
antibodies of higher affinity, predominantly of the IgG c¢lass,

and higirer numbers of helper T cells and memory B cells “in the

SNl
[t

immune system of the primed animal. The booster injection was
carried out using the Freund’s incomplete adjuvant (ICFA) to

avoid an intense résponse to the mycobacteria in the CFA.3
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13 WEEKS
20C ng TT alone
- Bleeding #4. 3 mice
17 WEEKS —
- 2 pg TT alone

,; Bleeding #5. 3 mice
© | 21 WEEKS '
- : 20 ug TT alone -

Every four weeks after that, a booster shot was given:;
the amount of toxin was increased tenfold and injected
subcutaneously. The last injection contained 20 g of TT and
was given intraperitoneally (injection into the peritoneal
cavity). The injection volume throﬁghout the protocol was
maintained at 0.1 ml. Blood collection was through
exsanguination of mice. The mice were first anesthesized with
ether and the heart was punctured through the fourth
intercostal space at the sternal margin. The blood was
collected in vacutainers and allowed to stand for 4 hours at

room temperature and centrifuged.

3.4.1.2 IMMUNIZATTON PROTOCOL

Bleeding #1 3 mice
DAY 1

15 pg TT + 15 IU TIG + CFa

4 WEEKS Bleeding #2. 3 mice

9 WEEKS 20 ng TT alone + ICFA

Bleeding #3. 3 mice

24 WEEKS | Bleeding #6, Bleeding of ALL MICE
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3.4.1.3 Reagents and methods

A. Reagents

1. Tetanus Toxin Lot No TT-1, Connaught Laboratories, kept
in 1:10,000 Merthiolate, 382 ug/ml

2. Tetanus Immune Globulin, Human (TIG), Lot No. 14VO6D,

Cutter Biologigal Elkhart, IN 46515 USA 614, 353 IU/ml

3. Freund’s Adjuvant, Complete (CFA), Gibco BRL, Cat. No.
660-5721AS

4. Freund’s Adjuvant, Incomplete (ICFA), Gibco BRL, Cat. No.
660-5720AS

5. Saline, 0.9% NaCl

B. Methods

AT DAY 1: Bleeding #1, 3 mice.

15 pg TT + 15 IU TIG + CFA

Injected 20 mice Subcutaneously with 0.1 ml.

(L ml TT + 972 pl TIG + 1.500 ml CFA)

At 4 Weeks: Bleeding #2, 3 mice.
At 9 Weeks: First Booster, 20 ng TT in ICFA

Injected 0.1 ml (20 ng TT), Subcutaneously into each mouse.

(100 pul TT, 4 pug/mL + 0.9 ml saline + 1 ml ICFA).
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At 13 Weeks: Bleeding #3, 3 mice.

200 ng TT alcne

Injected 0.1 ml (200 ng TT), Subcutaneously into each mouse.
(2 ml TT, 4pg/ml + 2 ml Saline).

At 17 Vieeks: Bleed #4, 2 mice.

2 pg TT alone -

Ihjected 0.1 ml (2 pug TT), Subcutanecusly into each mouse.
(105 ul TT, 382 pg/ml + 895 pl Saline + 1 ml CFA).
At 21 Weeks: Bleeding #5, 3 mice.

20 pug TT alone

Injected 0.1 ml (20 upg TT), Intraperitcneally
into each mouse.
(629 pl TT, 382 pg/ml + 571 ul Saline).

At 24 weeks: Bleeding #6, Bleeding of ALL Mice.
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3.4.2 Guinea Pig Antibodies Raised Against Tetanus Toxin
3.4.2.1 Introduction

Fifceen pg of Tetanus Toxin and 15 IU of Human Antitoxin
mixed with equal volume of Complete Freund’s Adjuvant (CFA)
were administered to each of three female OJucbred White
Laboratory Guinea pigs (GP), CRL: COBS (HA) BR, 'weighing 225

to 275 grams, subcutaneously. Nine weeks later the first

booster injection followed with 20 ng of toxin alone (in equa™

volume of saline and ICFA). Every four weeks after that, a
booster shot -was gi\};n; the amount of toxin was increased
tenfold and injected subcutaneously. The Jlast injection
contained 20 pg of TT and was given intraperitoneally. The
injection volume throughout the protocol was maintained at 0.1
ml. Blood collection was through cardiac puncture and for this
reason the animals were given a week of rest” before the next

immunization. -

S |
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3.4.2.2 IMMUNIZATION PROTOCOL

Bleeding #1
DAY 1

15 pg TT + 15 IU TIG + CFA

4 WEEKS Bleeding #2.

¢ WEEKS 20 ng TT alone + ICFA

12 WEEKS Bleeding #3.

13 WEEKS 200 ng TT alone

16 WEEKS Bleeding #4.

17 WEEKS | 2 pug TT alone + CFA

20 WEEKS Bleeding #5.

21 WEEKS 20 pug TT alcne

24 WEEKS Bleeding #6, FINAL BLEEDING

3.4.2.3 Reagents and methods
A. Reagents See 3.4.1.3
B. Methods

At DAY 1: Bleeding #1.
15 pug TT + 15 TU TIG + CFA
Injected 0.1 ml Subcutaneously into each GP.

(1 ml TT + 972 ul TIG, + 1.500 ml CFa).

At 4 Weeks: Bleeding #2. z

At S Weeks: First Boostex, 20 'ng TT in ICFA

Injected 0.1 ml (20 ng TT), Subcutaneously into each GP.
(100 ul TT (4 ug/ml) + 0.9 ml saline + 1 ml XICFA).

At 12 Weeks: Bleeding #3. =
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At 13 Weeks: Second booster, 200 ng TT alone in Saline

Injected 0.1 ml (200 ng TT), Subcutaneously into each GP.
(2 ml TT, 4 pug/ml + 2 ml Saline).

At 16 Weeks: Bleeding #4.

At 17 Weeks: Third booster, 2 ug TT alone in CFA

Injected 0.1 ml (2 ug TT), Subcutaneously into each GP.
(105 1l TT, 382 ug/ml + 0.895 ml Saline + 1 ml CFA.

At 20 Weeks: Bleeding #5.

At 21 Weeks: Fourth booster, 20 ug TT alone in Saline

Injected 0.1 ml (20 ug TT), Intraperitoneally into each GP.
{629 pl TT, 382 pg/ml + 571 pl Saline).

At 24 weeks: Bleeding #6, Final Bleeding.
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PART B - Immunization with Tetanus Toxoid
3.4.3 Murine Antibodies Raised Against Tetanus Toxoid
3.4.3.1 Introducticn

One pug of Tetanus Toxoid from Connaught Laboratories
(50 pl), mixed with equal volume of Coﬁplete Freund’s Adjuvant
(CFA) were administered to each of 17 female Swiss Webster
female mice, weighing between 13 and 15 gféé; each,
subcutaneously. Nine weeks later the first booster iﬁjection
followed with 1 ug of tetanus toxoia: Every four weeks after

that, a booster shot was given with 1 pg tetanus toxoid

~adsorbed subcutaneously.
S

3.4.3.2 IMMONIZATTION PROTOCOL
Bleeding #1, 3 mice
DAY 1
1 pg Tetanus Toxoid
Bleeding #2, 3 mice
9 WEEKS
R 1 ug Tetanus Toxoid
S Bleeding #3, 3 mice
13 "WEEKS
: 1 ug Tetanus Toxoid Adsorbed
o Bleeding #4, 3 mice
17 WEEKS
- 1 ug Tetanus Toxoid Adsorbed
S iBleeding #5, 3 mice
21 WEEKS |—
1 pg Tetanus Toxoid Adsorbed
24 WEEKS | Bleeding #6, Bleeding of ALL m%ga;%r_,a

- rFs
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3.4.3.3 Reagents and methods

A. Reagents

i. Tetanus Toxoid Fluid, Lot# 13073, 50 ml, Connaught
Laboratories Limited, 10 Lf/ml.
(1 1f = 2-2.5 ug of tetanus toxin).*

2. Tetanus Toxoid Adsorbed (Aluminum phosphate), Lot#

2420-11, 10 ml, Connaught Laboratories Limited, 10 Li/ml.
B. Methods
At DAY 1: Bleeding #1, 3 mice.
| 1 pg Tetanus Toxoid + CFA.
Injected 20 mice Subcutaneocusly with 0.1 ml.
(1 ml Tetanus Toxoid + 1 ml CFA)
At 9 Weeks: Bleeding #2, 3 mice.
First Booster, 1 ug Tetanus Toxoid + CFA.
At 13 Weeks: Bleeding #3, 3 mice.
Second Booster, 1 pug Tetanus Toxoid Adsorbed.
Injected O.QE ml Tetanus Toxoid Adsorbed, Subcutanecusly into
each mouse.‘\
At 17 Weeks: Bleeding #4, 3 mice.
Third Booster, 1 pg Tetanus Toxoid Adsorbed.
At 21 Weeks: Bleeding #5, 3 mice. i
Fourth Booster, 1 ug Tetanus Toxoid Adsorbéd._

At 24 Weeks: Bleeding #6, Bleeding of ALL Mice.
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3.4.4 Guinea Pig Antibodies Raised Against Tetanus Toxoid
3.4.4.1 Introduction

Ten ug of Tetanus Toxoid (500 ul) mixed with equal volume
of Complete Freund’'s Adjuvant (CFA) were administered to each
of three female Outbred White Laboratory Guinea pigs, CRL:
COBS (HA) BR, weighing 225 to 275 grams, subcutaneously. Nine
weeks later the first booster injection followed with 10 pg of
tetanus toxoid. Every four weeks after that, a booster shot
was given with 10 pg tetanus toxoid adsorbed subcutaneously.
Blood collection was through cardiac puncture that is why the
animals were given a weelk of rest before the next

immunization.

3.4.4.2 IMMUNIZATION PROTOCOL

Bleeding #1
DAY 1

10 ug Tetanus Toxecid

8 WEEKS Bleeding #2

9 WEEKS 10 pg Tetanus Toxoid

12 WEEKS Bleeding #3

13 WEEKS 10 pug Tetanus Toxoid Adscrbed

16 WEEKS | Bleeding #4

17 WEEKS 10 pg Tetanus Toxoid Adsorbed

20 WEEKS | Bleeding #5

21 WEEKS | 10 pg Tetanus Toxoid Adsorbed

24 WEEKS | Bleeding #6, FINAL BLEEDING




3.4.4.3 Reagents and methods

A. Reagents

B. Methods

At DAY 1:

See 3.4.3.3 A

Bleeding #1

10 pg Tetanus Toxoid in CFA.

Injected Guinea pigs Subcutaneously with 1 ml.

(1 ml Tetanus Toxoid + 1 ml CFA)

At 8 Weeks:
At 9 Weeks:
At 12 Weeks:

A£‘13 Weeks:

Bleeding #2

First booster, 10 pg Tetanus Toxoid in CFA.

Bleeding #3

Second booster, 10 pg Tetanus Toxoid Adsorbed.

Injected 0.05 ml Tetanus Toxoid Adsorbed, Subcutaneocusly into

each GP.

At 16 Weeks:
At 17 Weeks:
At 20 Weeks:
At 21 Weeks:

At‘24 Weeks:

=N

Bleeding #4 ~—

Third booster, 10 ug Tetanus Toxoid Adsorbed.

Bleeding #5
Fourth booster, 10 ug Teﬁénus Toxoid Adsorbed.

Bleeding #6, FINAL BLEEDING.

1L
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PART C - Indirect Enzyme-Linked Immunosorbent Assay (ELISA)
3.4.5 Yntroduction

This section describes the procedure for determining the
isotypes of antibodies raised in mice against tetanus toxin
and toxoid and the reaction of murine and guinea pig

antibodies to tetanus toxin, toxoid, fragment C and MAP.

3.4.5.1 Principle of the test
Antigen is coated on polystyrene plates. Antibodies
specific for the antigen bind to this antigen and horseradish
peroxidase conjugated antiglobulins bind f.o these antibodies.
The participation of 3,3/,5,5’ Tetramethylbenzidine (TMB)
_asan hydrogen donor in the oxidation/reduction ol H,0, results
- in colour development. The actual enzyme reaction is
invisible. What we see is the oxidation of the reduced TMB to
its chromogen:.c form. The amount of antibody in the serum
g;egaration is proportional to the optical density as ‘read on

a: multichannel photometer.
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3.4.5.2

GENERAL

3.4.5.2.1 Reagents and Equipment

A.

1.

Reagents

Antigens and preparation of Working Antigen solution

a)

b}

c)

Tetanus Toxoid Plain (Lot No. 77-104C, 120 Lf/vial,
Connaught Laboratories).

A vial of Tetanus Toxoid Plain was reconstituted in
4.8 ml MilliQ H,0 to give a stock solution of

25 Lf/ml. The stock solution was further diluted
100 fold in CO, buffer, pH 9.6 (0.4 ml stock

in 40 ml of buffer) to a final working concentration
of 0.25 Lf/ml.

Tetanus toxin, Department of Public Health, Division
of Biologic Laboratories, Boston, Massachusetts

CP (txn) 49, 1050 Lf/ml; 2.0 mg Protein/ml.

The stock solution was diluted 2000 fold in CO,
buffer (8 ul x 1050 LEf/ml (16 pg Protein) in 16 ml
CO, buffer) to a final concentration of 1 ug/ml or
0.5 LEf/m1.

Tetanus toxin C fragment, recombinant (Boehringer,
lyophilized 1 mg, Cat. No. 1348655).

A one mg vial was reconstituted in 1 ml H,0 to give
a stock solution of 1 mg/ml. The stock solution was
further diluted 1000 fold in CO, buffer

(16 pl of 1 mg/ml in 16 mi Co, buffer) to a final

concentration of 1 ug/ml.
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d)

Multiple Antigenic Peptide, provided by Dr René Roy.
Reconstituted A one mg vial was reconstituted in

1 ml H,O to give a stock solution of 1 mg/ml.
The stock solution was further diluted 1000 fold in
CO, buffer (21 ul of 1 mg/ml in 21 ml CO, buffer) to

a final concentration of 1 ug/ml.

Coating Buffer: 0.06 M Carbonate buffexr, pH 9.6.

Wash/Diluent Buffer: 0.01 M Phosphate buffer saline,

PH 7.2 containing 0.05% Tween 20 (PBS-T).

Horseradish Peroxidase Enzyme Conjugates

a)

b)

c)

Goat anti-Guinea Pig IgG {H+L) HERPO labelled,
Affinity purified, (Kirkegaard & Pexrry, USA,
14-17-06, Lot No. KB45-5).

A 0.5 mg vial was reconstituted in 1 ml H,0.
Twenty-one ul of reconstituted conjugate were added
to 21 ml PBS-T to give a final dilution of 1:1000.
Goat anti-Mouse IgG (y) HRPO 1labelled, Affinity
purified, Human serum Adsorbed, (Kirkegaard & Perry,
USA, 14-18-02).

A 0.5 mg vial was reconstituted in 1 ml H.0.
Twenty-one ul of reconstituted conjugate were added
to 21 ml PBS-T to give a final dilution of 1:1000.
Goat anti-Rabbit IgG (H+L), HRPO labelled, Human
serum Adsorbed, (Bio-Rad USA, 172-1019).

3.3 pl of reconstituted conjugate were added to

10 ml PBS-T to give a final dilution of 1:3000.
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Substrate solution: 3,3',5,5°" Tetramethylbenzidine

(TMB) Peroxidase substrate solution (Kirkegaard & Perry

Laboratories,USA) .

The working substrate soluﬁion was prepared as per

manufacture’s directions.

Equipment

Nunc-Immuno plates Polysorp F96 flat bottomed (InterMed

Co., Denmark)

Plate Washer: Biotek Instruments Inc., USA Model EL403
Automatic Microplate Washer 7

UVmax Kinetic Microplate Reader (Molecular Devices Corp.,

Usa)

Plate sealers: Linbro/Titertek acetate plate sealer with

adhesive backs

Tubes: Borosilicate glass 16 x 100 mm (Fisher Scientific)

Pipettors: Eppendorf, Pipetman, Brinkmann, Transferpette

and Titertek Digital Multichannel Pipette

A
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3.4.5.2.2 Sera

1.

Guinea pig sera raised against tetanus toxin and toxeoid

The following dilutions of the sera were prepared:

34 ¢l in 1.7 ml PBS-T, i.e. 1:50

1 ml of 1:50 + 1wl PBS-T, i.e. 1:100
1.4 ml of 1:100 + 1.4 ml PBS-T, i.e. 1:200

2 ml: of 1:200 + 17wl PBS-T, i.e. 1:300
2.4 ml of 1:300 + 0.8 ml PBS-T, i.e. 1:400
2.4 ml‘of 1:400 + 0.6 ml PBS-T, i.e. 1:500
2.5 mlfof 1:500 + 0.5 ml PﬁS-T, i.e. 1:600
1.8 ml cf 1:600 + 0.6 ml PBS-T, i.e. 1:800
1.5 ml of 1:800 + 0.4 ml PBS-T, i.é. 1:1,000
1 ml of 1:1,000 + 1 ﬁl PBS-T, i.e. 1:2,000
0.4 ml of 1:2,000 + 0.6 ml PBS-T, i.e. 1:5,000

Murine sera raised against tetangs toxin and toxoid
Pool of 3 mice. Dilutions were prepared as per Guinea
pig sera.

Mouse typer isotyping panel

Rabbit anti-mouse subélass specific antiserum to nouse
IgGl, IgG2a, IgG2b, IgG3, IaM, IgA, x-chain, A-chain,
(Bio-Rad USa, 172—2055).7 Antisera were provided

reconstituted.
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3.4.5.3 METHOQD

1.

Antigen Coating

Two hundred ul of working antigen concentration were
added to the appropriate wells of a microtitre plate. The
plate was covered with an acetate plate sealer and
incubated overnight at 4° C. At the end of the
incubation period, the plate was removed from the
refrigerator and washed 4 times with 300 ul PBS-T.

The residual buffer was discharged by tapping onto
lint-free absorbent towels.

Addition of Primary Antibody

Two hundred kﬁi‘lgft:Each diluted sera were added to
appropriate wells as depicted in the template and
incubate for 1 hour at 37° C. =

At the end of the inéubation period, the plate was
removed from the incubator and washed 4 times with 300 pul
PBS-T. The residual buffer was discharged by .tapping
onto lint-free absorbent towels.

Addition of Enzyme Conjugate

Using a multichannel pipettor, 200 pl of Horseradish
Peroxidase Enzyme Conjugate were added to each well and
the plate was incubated for 1 hour at 37° C. At the end
of the incubation period, the plate was removed from the:
incubator and washed 4 times with 300 pul PBS-T. The
residual buffer was discharged by tapping onto lint-ffee )

absorbent towels.
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4.

Subsgtrate Addition

Using a nultichannel pipettor, 100 ul of substrate
solution were added to each well. Immediately upon
addition of substrate, the reaction was stopped with the
additicn of 100 ul of 1 M Phosphoric acid to each well.
Absorbance Determination

The pléte was shaken and the absorbance of each well read
using the UVmax Elisa reader at 450 nm.

Results and Calculations -

The Softmax software was used to define the microplato
template with the location of blanks, standards and

unknowns. The results were analysed using standard curve

interpolation.
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PART D - ELISA ASSAYS

3.4.6 Determination of isotype and relative concentration

of the murine antibodies generated against tetanus

toxin and toxoid. Detection of C. tetarni Antitoxin

3.4.6.1 Assay protocol

1.

2.

Microtitre plates: NUNC-Polvsorb
Antigens: a) Tetanus Toxin

b} Tetanus Toxcid Plain
Ada 200 ul of working antigen concentration per well and
incubate plates overnight at 4° C.
Sera: Murine antibodies raised against tetanus toxin and
toxoid, Dilution: 1:100.
Add 200 upl to each well and incubate fof-l hour at 37° C.
Mouse typer isotyping panel
Add 100 ul to the appropriate wells and incubate for
1 hour at 37° C.
Conjugate: Goat a-Rabbit IgG (H+L), Human absorbed, HRPO.
Add 200 ul to each well and incubate for 1 hour at 37° é.
Substrate: TMB Peroxidase Substrate System:
Mix 5.5 ml TMB Peroxidase éubstrate with 5.5 ml
Peroxidase Solution B. Add 100 gl/well, STOP the reaction

with 100 pl/well 1 M Phosphoric acid and read at OD,gnm.
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NO HRP|anti-Toxin |anti-Toxoid NO ERP|anti-Toxin |anti-Toxoid
1. 2 3 4 5 6 7 8 9 i0 11 12

PBS-T PBS-T PBS-T
a-IgGl A
algG2a | B
aIngb (4
a-IgG3 ) D

TOXIN- TOXOID—

a-IgM.| E
a-IgA 1l . = F
xchain ' O I G
Achain : _ o . . H

1 2 3} 4] s 6 7 8 9 | 10 11 12

The reagents were placed in the ° appropriate wells as

depicted in the template aboﬁe;
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3.4.7
1.

2.

Determination o©f the titre of murine antibodies
generated against tetanus toxin and toxoid.

Detection of C. tetani Antitoxin

-1 Assay protocol
Microtitre plates: NUNC-Polysorb T
Antigens: a) Tetanus Toxin

b) Tetanus Toxoid Plain

c) rTTC

d}) MAP

Add 200 pl of working antigen concentration per well and
incubate plates overnight at 4° C

Sera: Murine antibodies raised against tetanus toxin and
toxoid, Dilution: 1:50, 100, 200, 300, 400, 500, 600,
800, 1,000, 2,000 and 1:5,000.

Add 200 ul to each well and incubate for‘l hour at 37° C.
Conjugate: Goat ao-Mouse IgG (y) HRPO, Affinity purified
Add 200 ul to each well and incubate for 1 kour at 37° C.
Substrate: TMB Peroxidase Substrate System

Mix 5.5 ml TMB Peroxidase Substrate with 5.5 ml
Peroxidase Solution B. Add 100 pl/well, STOP the reaction

with 200 pl/well 1 M Phosphoric acid and read at OD;,nm.

-
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anti-Toxin sera
TQLIN|TOXOID] rTTC MAP
1 2 3 4 S [ 7 9 S 10 11 1z
pPBS-T| PBS-T| PBS-T| PRBS-T{ 1:300| 1:800 A
1:1000|2:2000)1:2000] 1:50 1:400]1:21000 B
1:2000(1:2000|2:2000| 1:100]| 2:500|1:2000 C
1:5000|1:5000|1:5000]) 1:200| 1:600 1:5000 D
PBS-T| PBS-T| PBS-T| PBS-T| 1:300!| 2:800 E
1:1000|1:1000§1:2000] 1:50 1:400(1:1000 F
1:2000(1:2000§2:2000| 2:200| 1:500!1:2000 G
1:5000]1:5000|1:5000 1:2OQ 1:600|1:5000 H
1 2 3 4 s € 7 B 9 10 11 12
TOXIN|TOX0ID| rTTC MAP
anti-Toxeid sera

The reagents wexe placed in the appropriate wells as

depicted in the template above.
The sera were placed in duplicate in the appropriate
wells in diagonal quadrants in order to eliminate intra-plate

variation.
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3.4.8 Determination of the titre of guinea pig antibodies

generated against tetanus toxin and toxoid.

Detection of C. tetani Antitoxin

3.4.8.1 Assay protocol

1.

2.

Microtitre plates: NUNC-Polysoxrb

Antigens: a) Tetanus Toxin
bj Tetanus Toxoid Plain
c) rTTC
d) MAP

Add 200pl of working antigen concentration per well and
incubate plates overnight at 4° C.

Sera: Guinea pig antibodies raised against tetanus toxin
and toxoid, Dilutien: 1:50, 100, 200, 300, 400, 500, 600,
800, 1,000, 2,000 and 1:5,000.

Add 200 ul to each well and incubate for 1 hour at 37° C.
Conjugate: Goat a-Guinea Pig IgG (H+L) HRPO, Affinity
purified

Add 200 pl to each well and incubate for 1 hour at 37° C.
Substrate: TMB Peroxidase Substrate System

Mix 5.5 ml TMB Peroxidase Substrate with 5.5 ml

:TPeroxidase Solution B. Add 100 pl/well, STOP the reaction

with 100 pl/well 1 M Phosphoric acid and read at OD“mnm{
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anti-Toxin sera

TOXLIN|TOXOID| rTTC MAP

1 2 3 4 ] 6 7 8 9 10 11 12
PBS-T| PBS-T| PBS-T| PBS-T| 1:300| 1:800 A
1:1000(1:1000 l:;hOO 2:50 1:400(1:1000 B
1:2000(1:2000(1:2000]| 1:100} 1:500]|1:2000 c
1:5000|1:5000|1:5000| 1:200( 1:600|1:5000 D

PBS-T| PBS-T| PBS-T} PBS-T| 1:300| 1:820

(Y]

1:1000|1:1000§2:2000| 1:50 1:400|2:1000 F
1:2000)1:2000}1:2000] 1:100] 1:500(|1:2000 G
1:5C00{1:5000[1:5000| 1:200{ 1:600[1:5000 H

1 2 3 4 5 3 7 8 g 1o 11 12
TOXIN|TOXOID| xTTIC MAP

anti-Texoid sera

The reagents were placed in the appropriate wells as
depicted iﬁ the template above.

The sera were placed in duplicate in the appropriate
wells in diagonal quadrants in order to elimihate intra-plate

variation.
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Chapter 4: EBnzymatic breakdown of Tetanus Toxin

with TImmobilized Papain

4.1 Introduction

Lysosomal thiol proteases with a highly reactive Cysteine
residﬁe at the active site are abundant in living cells and
play important roles in intracellular proteolysis such as the
catabolism of proteins and peptides.’® Papain is such a
nonspecific thiol protease and is highly useful for enzymatic
cleavage of proteins. It is composed of a single polypeptide
of 212 amino acids and mol wt of 23,406 Da.’  Maximal
hydrolytic activity of papain requires activation. The
sulfhydryl group of the cysteine in the active site must be in
the reduced form and can be activated by a variety of thiol
compounds such as cysteine and glutathione as well as by
reducing agents such as sodium borohydride.®® Reducing agents
which can also act as chelators maximize papain’s activity by
removing cations which catalyse oxidation of -SH. Cysteine-HCl
was used in these experiments with ethylene-
diaminetetraacetate (EDTA)} as a chelator.®’ The action of
papain’s active site on the substrate, TT, is described in the

following:
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.The nucleophilicity of the -SE group in papain’s active

site is erhanced by a nearby histidine side chain.

?—
Cys—CH,—S— ti:—R
25 H—N—R
H
N
His—CH,—¢"
159 & N/
o]
Catalysis proceeds through the formation of Enzyme-bound thiol

esters with the carboxyl group of the peptide bond to be cleaved.®®

- I I

Enz—SH 4+ R—C—NH—R’ == Enz—S—C—R + H,N—R’
T i

Enz—5—C—R + H,0 == Enz—SH + R—C—OH

0O H
| ] o, | n
--.HN-CHR'~C~N~CHR-C——N~CHR"—C-N

Papain hyd.roljrzes the amides of a-amino-substituted amino acids

and the preferred cleavage site order is

- # Lys, Arg>His>Gly>Leu>Gln>Glu
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4.2 Schematic representation of Papain digestion
of Tetapus Toxin

1 Light chain 457 458 Heavy chain 1315

A B

s s

PAPATN DIGESTION

1 457 458 864 865 1315

Fragment C

s

FIGURE 4.1 The papain cleavage gite on tetanus toxin is at Lysine

regidue 865

72

[
V/f
.



4.3 Results and Discussion

Figure 4.2 depicts the electrophoretic separation of the
components of two preparations of tetanus toxin under reducing
and non-reducing conditions on SDS-PAGE. The gel was stained
with a dye, Coomassie Blue, to detect the proteins, shown as
sharp zones or bands. Both preparations were reduced to the
heavy and light chain when compared to the high molecular mass
marker proteins.

Lane A contains the reduced toxin preparation CP (txm) 54.
Note the highly heterogeneous mixture of peptides with a clear
band corresponding to heavy chain but without a clear band
corresponding to the light chain. The light chain is contained
in the doublet with apparent molecular mass between 45 and 66
kD. The band with apparent molecular mass between 116 kD and
200 kD is not the 150 kD tetanus toxin molecule because it has
not been reduced.

Lane B contains the non-reduced preparation of CP (txn) 54.
The band with the highest apparent molecular mass is tetanus
toxin, as this band does not appear in Lane A (it was
reduced). Also note the contamination with possibly 1light
- chain.

Lane C contains a mixture of proteins used as molecular
markers. The proteins migrate from the top to bottom. The
protein is indicated in the exp;rimental section and the

molecular mass on the side next to each band.
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Lane D contains the toxin preparation CP (txm) 49 in its
reduced form. Here, there are distinct bands corresponding to
the heavy and light chain. The band close to 97 kD corresponds
to the heavy chain while the band between 45 and 66 kD
corresponds to the light chain. The inpurity on the top of the
gel was not reduced again.

Lane E contains the non-reduced preparation of
CP (txmn) 45. The heavy band on the top, corresponds to the
single-chain 150 kD tetanus toxin molecule. This band totally
disappears when reduced as shown in Lane D. This preparation
does not contain any impurities between 45 and 66 kD molecular
mass and that is why it was used for the papain digestion
experiments.

Figure 2.3 depicts the electrophoretic separation of the
components of the papain digested toxin, fragmenc C and
undigested toxin.

Lane A contains the digested toxin. Note the hetero-
geneous mixture of peptides with a clear band corresponding to
fragment C of tetanus toxin as shown in Lane B.

Lane B contains the commercially cbtained fragment C. The
heavy band at the bottom of the gel corresponds to fragment C.

Lane C contains the undigested tetanus toxin. The heavy
band on the top of the gel is the intact single-chain tetanus
toxin molecule. As shown in Lane A, this band was totally
digested with papain. This procedure demonstrates that on a
larger scale it would be feasible to isolate éreparative

amounts of fragment C for further analysis.
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PIGURE 4.2 SDS-PAGE of two preparations of tatanus toxin. Lane A: Lot

# CP {txn) 54-reduced. Lane B: Lot # CP (txn) 54. Lane C: High molecular mass

marker proteins. Lane D: Lot # CP (txn) 45-reduced and Lane E: Lot # CP (t:xn’):
45.

3]

75



FIGURE 4.3 SDS-PAGE separation ¢f tetanus toxin digestaed with papain,

tetanus toxin fragment C ard undigested toxin. Lane A: tetanus toxin digested

with papain. Lane B: Fragment C and Lane C: undigested toxin.



Figure 4.4 shows how two tetanus toxin preparations were
analyzed for purity and molecular integrity with SDS-PAGE.
Both preparations contained multiple bands below 116 kD in the
reduced and non-reduced form. Neither of the non-reduced

preparations contained a band corresponding to the 150 kD

tetanus toxin molecule.

4.4 SUMMARY

Tetanus toxin was dizested with immobilized papain cross-
linked to 6% beaded agarose at 0.01 IXU/mg TT. Different
experimental conditions were tested and satisfactory yields of
fragment C were obtained at high concentrations of toxin.
Incubation at 56° C for 4 hours was found to give better
results than at 37° C. Several preparations of toxin from
Connaught Laboratories were analysed on SDS-PAGE and were
found to be highly fragmented. Purified tetanus toxin donated
by Dr G. Sieber, Department of Public Health, Division of
Biologic Laboratories, Boston, Massachusetts [CP (txm) 49) was
found to contain the intact 150,00 Da single-chain tetanus
toxin molecules. This preparation was digested with papain and
separated by SDS-PAGE under non-reducing conditions using a
7.5% homogeneous gel and a 4% stacking gel. The results
indicate that on a larger scale it would be feasible to

isolate preparative amounts of fragment C for £further

analysis.
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FIGURE 4.4 SDS-PAGE of two preparations of tetamus toxin under
reducing and non-reducing conditions. Neither preparatien contained
single-chain 150 kD tetanus toxin molecules when compared to the molecular
mass protein markers. Lane A: Lot # TT-1 reduced. Lane B: Lot  TT-1 non-
reduced. Lane C: High molecular mass marker proteins. Lane D: Lot # TT-2
reduced and Lane E: Lot § TT-2 non-reduced.
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4.5 Experimental Procedures
PART A - Papain digestion of tetanus toxin
4.5.1 Introduction
Two mg of purified tetanus toxin pre-equilibrated four
times with 1 ml digestion buffer and concentrated to a volume
of 0.5 ml using Centricon-30 microconcentrator (10 min at 3000
rpm)} was digested with immobilized papai- cross-linked to 6%
bezded agarcose at 0.0. IU/mg TT. bigestion was carried out
with papain, prewashed with digestion buffer, at 56° C for 4
hours with occassicnal shaking. At the end of the incubation
the mixture was centrifuged at 14,000 rpm for 5 minutes and
approximately 480 pl were recovered from the 500 ul papain
digest. An aliguot was made up to 5 ml with H,0 and dialysed
in Spectra/Por membrane tubing MW cut-off (MWCO) 12,000-
14,000. Purified tetanus toxin was donated by Dr G. Sieber,
Department of Public Health, Division of  Biologic
Laboratories, Boston, Massachusetts. Several preparations by
Connaught Laboratories were analyzed on SDS-PAGE and found to
be highly fragmented. None contained intact single-chain
150 kD tetanus toxin molecules (Figure 4.4). However these
preparations were found to be very immunogenic and lethal to
laboratory animals.
4.5.2 Reagents and Equipment
A. Reagents
1. Purified tetanus toxin, Department of Public Health,
Division of Biologic Laboratories, Boston, Massachusetts.

Lot# CP (txm) 49, 1050 Lf/ml; 2.0 mg Protein/ml ~
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Immobilized Papain, Pierce # 20341, 5 ml of settled gel.
Supplied: 50% slurry, Activity: 7 BAEE units/ml of
settled gel. [1 U correponds to the amount of enzyme
which bhydrolyzes 1 umol of N-benzoyl-L-arginine ethyl
ester (BAEBE) per minute at pE 6.2 and 25° ]

Na,EDTA, FW 372.24, BIO-RAD 161-Q729

L-Cysteine-HCIl, FW 157.6 GIBCO BRL (USA) 810-1035IM.
Centriprep-100 concentrator, Amicon {(USA)

Equipment

Eppendorf Centrifuge 5415C

Water bath

Spectra/Por membrane tubing MW cut-off 12,000-14,000,

dia:15.9%9 mm, Fisher Scientific

0,
i
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4.5.3 METHOD

1.

Preparation of digestion buffer

A 0.002 M Na.EDTA (YW 372.24) solution was prepared by
dissolving 0.0186 g in 25 ml E.O.

A 0.5 M Cysteine-HCl (FW 157.6) solution was prepared by
dissolving 0.788 g in 10 ml PES.

The digestion buffer consisted of 10 ml 0.002 M EDTA in
E,C0 plus 2 ml 0.5M Cysteine HCl in PBS.

Sample preparation

Two ml (4 mg) of purified tetanus toxin was equilibrated
with 40 ml E,0 using a Centriprep-100 concentrator (10
min x 3000 rpm). The saniple was finally reconstituted in
1wl BHO (4 mg/ml).

Sample equilibration with digestion buffer

Two hundred and £ifty microlitres (1 mg) of the pre-
washed tetr:n:us toxin was equilibrated four times with

i1 ml digestion buffer and concentrated to a wvolume of
0.5 ml using a Centricon-30 microconcentrator (10 min at
3000 rpm).

Preparation of Tmmobilized Papain

Five hundred microlitres of Immobilized papain

(1L.75 IU) were washed three  times with freshly made
digestion buffer. Finally it was made up to 1 ml

(1.75 IT/ml) with digestion buffer.
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Digestion with Papain at 0.01 IU/mg TT

The pre-equilibrated 1 mg of sample was digested with

6 ul (1.75 IU/ml, therefore 6 pl = 0.01 IU papain) of

the pre-equilibrated papain at S6° C for 4 hours with

occassional shaking in a water bath.

Digested sample

6.1 Digested sample recovery

At the end of the incubation the mixture was
centrifuged at 14,000 zxpm for S5 minutes.
Approximately 480 pul of the sample was recovered

from the 300 pl papain digest.

‘Dialysis of recovered sample

The digested tetanus toxin was made up to 5 ml
with H,0 and dialysed in Spectra/Por membrane
tubing MW Cut-off 12,000-14,000, dia:15.9 mm for 48
hours under running tap water and for additional

2 X 16 hours under dd H,O.

Concentration of sample

The dialysed sample was equilibrated with

2 x 10 ml H,0 using a Centriprep-10 concentrator.
Protein determination

The protein Determination of the different
fractions was. performed according to the BIO-RAD

protein assay, Publication 81-0525 (Appendix I) .
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PART B - Separation of Tetanus Toxin digested with
Immobilized Papain on SDS-PAGE

4.5.3 Introduction
Purified tetanus toxin, recombinant Fragment C and papain

digested toxin were separated by sodium dodecyl sulfate (SDS)-

polyacrylamide gel electrophoresis (PAGE)} by the method of

Laemmli®’. SDS-PAGE was done under non-reducing conditions on

BIO-RAD Mini-PROTEAN II slablcell using a 7.5% homogenecus

gel.

4.5.4 Reagents and Equipment

A. Reagents

1. TRIS (Hydroxymethyl) Aminomethane, Electrophoresis Purity
Reagent, Bio-Rad 161-0716.

2. SDS (Sodium Dodecyl Sulfate), Electrophoresis Purity
Reagent, Bio-Rad 161-0300

3. Glycine, Electrophoresis Purity Reagent Bio-Rad 161-0717

4. Ammonium Persulfate, Electrophoresis Purity Reagent
Bio-Rad 161-0700

5. 2-Mercaptoethanol, Electrophoresis Purity Reagent
Bio-Rad 161-0710

5. Coomassie Brilliant Blue R-250, Electrophoresis Purity
Reagent Bio-Rad 161-0400 |

7. Acrylamide, Electrophoresis Purity Reagent, >99.9%
Bio-Rad 161-0100

8. Bis (N,N’ -Methylene-bis-acrylamide) Electrophoresis

Purity Reagent, Bio-Rad 161-0200
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i0.

11.

12.

13.

B.

1.

TEMED' (N,N,N’,N’-Tetra-methylethylenediamine),
Electrophoresis Purity Reagent, Bio-Rad 161-0800
Tetanus toxin C £fragment, recombinant. Boehringer,
lyophilized 1 mg, Cat. No. 1348655. 1 mg reconstituted in
1 ml E,0.

Methanol, J.T. Baker, HPLC Reagent 9093-03

Acetic Acid, J.T. Baker 5507-03

SDS-PAGE Molecular Weight Standards, High and Low
Range, Bio-Rad 161-0303 and 161-0304

a) Low Range

Protein Molecular Weight
Rabbit muscle phosphorylase b 57.400
Bovine serum albumin (BSA) 66,200
Hen egg white ovalbumin 45,000
Bovine carbonic anhydrase 31,000
Soyabean trypsin inhibitor 21,500
Een egg white lysozyme 14,400

b) High Range

Protein Molecular Weight

Myosin 200,000

E. coli B-galactosidase 116,250

Rabbit muscle phosphorylase b 97,400

Bovine serum albumin (BSA) 66,200

Hen egg white ovalbumin 45,000
Equipment

BYO-RAD Mini-PROTEAN IT dual slab cell
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4.5.4.2 Preparation of Stock Solutioms

1.

7.A

Monomer Solutiom, (30%T 2.7%C,,,)

29.2 g Acrylamide and 0.8 g Bis were dissolved in 100 ml

H.O and stored in the dark at 4° C.

4X Running Gel Buffer, (1.5M tris-HC1 pH 8.8) 18.5 g Tris
were dissolved in 100 ml H,0 and the pHE was adjusted to
PH 8.8 with EC1.

4X Stacking Gel Buffer, (0.5M tris-ECl pH 6.8) 1.5 g Tris
were dissolved in 25 ml E.0 and the pE was adjusted to pH
6.8 with EC1.

10% sSDs

25 g of SDS were dissolved, by warming at 100° C.
Initiator, 10% ammonium persulfate

0.05 g of Ammonium persulfate were dissolved in 0.5 ml
H,0. Made fresh on day of analysisi

Running Gel Overlay, (0.375M tris-HCl pH 8.8, 0.1% SDS)
12.5 ml of Tris solution (1.2.2) was mixed with 0.5 ml
SDS solution (1.2.4) and made up to 50 ml with H,O.

2X Treatment Buffer, SDS-REDUCING Buffer,

{0.125M tris-HC1l pH 6.8, 4% SDS, 20% glycerol, 10%
2-mercaptoethanol)

2.5 ml Tris Soclution (1.2.3), 4.0 ml SDS Solution
(4.), 2 ml Glycerol and 1 ml 2-mercaptoethanol were mixed
and made up to 10 ml with H,0. The solution was stored

frozen in 1 ml alicuots.
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7.B 2X Treatment Buffer, NON-REDUCING Buffer

10C.

il.

12.

i3.

(0.125M tris-HC1 pH 6.8, 4% SDé, 20% glycercl)

2.5 ml Tris Solution (1.2.3), 4.0 mi SD3 solution
(4.) and 2 ml Glycercl were mixed and made up to 10 ml
with H,0. The solution was kept frozen in 1 ml aliquots.
Tank Buffexr, 0.025M tris, 0.192M glycine, 0.1% SDS

6 g Tris, 28.8 g Glycine and 20 ml SDS solution (4.) were
mixed and made up to 2.0 litres with EH,0. There is no
need to adjust the pH of this solution (pH 8.3).

Stain Stock, 1% Cocmassie Blue R-250

1.0 g of Coomassie Blue R-250 was dissolved in 100 ml
H.0, stirred and filtered through Watman $#1 filter paper.
Stain, 0.125% Coomassie Blue R-250 50% methanol,

10% acetic acid

31.25 ml of Coomassie Blue R-250 (Stain stock 9.), 125 ml
methanol and 25 ml acetic acid were mixed and made up to
250 ml with H,O.

bestaini.ng Solution I, 50% methanol, 10% acetic acid
250 ml methanol and 50 ml acetic acid were mixed. and made
up to 500 ml with H,0.

Destaining Solution II, 7% acetic acid, 5% methanol

140 ml acetic acid and 100 ml methancl were mixed and
made up to 2 litres with H,O.

Water-Saturated n-Butanol

25 ml n-butarocl combined with 2.5 ml of H,0 in a bottle,

shaken well and the top phase was used to overlay the gels.
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4.5.4 METHOD

4.5.4.3.1 Preparation of the Separating Gel

1.

7.

8.

10.

The MINI-PROTEAN II Slab Cell Unit was assembled in the
casting mode, using 1 mm spacers.

5.025 m1 of E.0, 3.75 ml of 4X Running Gel Buffer and

6 ml 30%T 2.7%C,,, (B.1.2.l1) were mixed in a 125 ml side
arm vacuum flask. |

The f£lask was stoppered and vacuum was applied for

10 minutes with occassional shaking. This ensured the
degassing of the solution.

150 ¢l 10% sSDS (B.l1.2.4), 75 pl amronium ﬁersulfate and
7.5 pl TEMED were added to the flask and swirled gently
to ensure mixing. Care was taken not to generate bubbles.
This solution was pipeted into the sandwich to a level
about .2 ct £rom the top.

The slaps were overlayed with about 0.3 ml water-

saturated n-butancl and allowed to polymerize for

- 30 minutes.

The casting stand was tilted to pour off the overlay.
The surfaces of the gels were rinsed three times with

distilled water.

About 0.5 ml of Running Gel Overlay Solution was added to
the gel.

The gels were allowed to sit for 45 minutes.
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4.5.4.3.2 Preparation of the Stacking Gel

1. The Running Gel Overlay Solution was poured off from the
surface of the gels.

2. Mix 3.05 ml E,0, 1.25 ml 4X Stacking Gel Buffer and 0.65 ml
30%T 2.7%C,,,(B.1.2.1) in a 50 ml side arm vacuum flask.

3. This solution was deaerated by vacuum as before.

4. 50 pl 10% SDS (B.1.2.4), 25 pl ammonium persulfate and
5 pl TEMED were added to the flask and swirled gently to
ensure mixing. Care was taken not to generate bubbles.

5. 1-2 ml of stacking gel solution were added to each
sandwich in order to rinse the surface of the gels. The
casting stand was rocked and the liquid was poured off.

6. Each sandwich was filed with stacking gel solution.

7. A ten well comb was inserted into each sandwich. Care was
taken not to trap any bubblas below the teeth of the
combs. Oxygen inhibits polymerization and causes a local
distortion in the gel surface at the bottom.bf the wells.

8. The gel was allowed to sit for at least 30 minutes.

4.5.4.3.3 Sample preparation

1. Equal parts of protein sample and 2X Treatment Buffer

:;;7;5: were combined in a 2 ml test tube.

2. The tubes were placed in a boiling water bath for
5 minutes.

3. The samplés were removed, centrifuged and %ﬁt on ice

i until they were loaded on-the gel. The treated samples

can be kept frozen for future electrophoretic runs.

- —
—
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4.5.4.3.4 Preparation of molecular mass standards
1. Combine 1 pl of High Molecular mass standards with
15 pl sample buffer and 4 pl of 5% bromophenol blue in a
test tube and put in a boiling water bath for 5 minutes.
2. Combine 1 pl of Low Molecular mass standards witk 19 pul
sample buffer and 4 ul of 5% bromophenol blue and put in
a beiling water bath for 5 minutes. |
4.5.4.3.5 Electrophoretic run conditions
1. Introduction
Purified tetanus toxin, recombinant Fragment C and papain
digested toxin were separated by sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis (PAGE) by the method of
Laemmli.®* SDS-PAGE was done under non-reducing conditions on
BIO-RAD Mini-PROTEAN II slab cell using a discontinuous gel of
7.5% separating gel and 4% stacking gel;
2. Sample preparatiom
2.1 Tetanus toxin Lot# CP 49, 1050 Lf/ml; 2.0 mg
Protein/ml 20 ul + 20 pl NON-Reducing buffer.
Load-18 pl in lane #1.
2.2 Tetanus toxin digested with 0.01 IU/mg TT
immobilized papain for 4 hours at 56° C.
- 20 ul + 20 ul NON-Reducing buffer.
Load 18 ul in lane #3.
2.3 Tetanus toxin C fragment, recombinant (xTTC)
| 5 pl TTC + 15 pl E,O + 20 pl NON-Reducing buffer.

Load 10 ul in lane #5
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3.

4.

Separating gel: 7.5%, 15 ml
E,0
Tris pH 8.8 (2)
Acrylamide/Bis (30%)
10% SDS
Ammonium PerSulfate
TEMED

Stacking gel: 4%, 5 ml
5,0,
Tris pH 6.8 (3)
Acrylamide/Bis (30%)
10% SDs
Ammonium PerSulfate
TEMED

Loading the samples

The samples were loaded on the gel in the appropriate

wells as depicted in the template below using a 25 ul

Hamilton syringe.

T +

7.275 ml
3.75 ml
3.75 ml
0.150 ml
0.075 ml

0.0075 ml

3 ml
1.25 ml
0.670 ml
50 pl
25 pl

5 pl

PAPAIN rTTC 7T
NONM-RED NON-RE NON-RED
1 3 5 7 )
18 pl 10 pl 5 ul _JJ
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6. Power conditions

The 1id was placed on top of the buffer chamber and 100
V constant voltage was applied to the cell and electrophoresis
began. When the sample bands were concentrated, as they were
entering the running gel, approximately 12 minutes, the power
was interupted. The power was changed to 200 V constant
voltage and the gel was allowed to run for another 45 minutes.
7. Removal of the gel

After electrophoresis was completed, the power supply was
turned off and the electrical leads disconnected. The gel was
removed from the glass plates and placed in a petri dish
containing fixative solution (40% methanol/10% acetic acid).
8. Staining and destaining

The gel was placed in a petri diskh containing 0.125%
Coomassie Blue Stain (1.1.10) and shaken gently for 1 hour

followed by Destaining Solution I and Destaining Solution IIX.
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Chapter 5: Cyanogen bromide cleavage of Tetanus
Toxin Fragment C at points containing

Methionine residues

5.1 Introduction

The single chain of Tetanus Toxin Fragment C contains six
methionine residues. Cyanogen bromide (CNBr) is capable of
cleaving thioethers. The action of cyarnogen bromide upon
proteins is unique in its selective attack on methionine. The
nucleophilic nature of the sulfur atom on methionine causes it
to react with cyanogen bromide. The reaction is greatly
facilitated by the strong neighbouring group effect exerted by
the carboxyl group. Sulfur displaces the bromide anion to form
the cyano-sulfonium bromide. The particular sterecchemistry of
the Met side chain favors the intramolecular rearrangement of
the sulfonium salt. This leads to the elimination of
methylthioc-cyanate and the formation of the iminolactone of
homoserine. The iminolactone is unstable in the agueous,
acidic medium, and readily hydrolyze by water to cleave the
polypeptide chaian with the liberation of the aminc acid that
followed methionine. The methionine on the N-terminal
fragment is coﬁverted to homoserine which becomes the -COOH
terminal amino acid of the peptide fragment as shown in Figure
5.1.%% Gross and Witkop originally carried out the reaction in
0.1-0.3 N HCl.%? Corradin and Harbury performed the reaction
in 1 70% formic acid and by controlling the time and the

concentrations obtained a methionine residue.®
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FIGURR 5.1 Cyanogen Bromide action on Methionine.®
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5.2 Results and Discussion
5.2.1 Introduction

Gross and Witkop showed that the methionyl peptide bond
could be cleaved with cyanogen bromide under mild conditions.

Cyanogen bromide cleavage is the method of choice since
the average number of methionire residues in a protein is
relatively low (ca 2%) and the cleavage goes to completion.®®

Since the seguence of tetanus toxin fragment C contains
six methionine residues (Figure 5.2) a CNBr digest should
yield seven distinct fragments and some partially digested
material.®® The high wvapour pressure of CNBr favours its
delivery via gas phase. The reaction can be carried out in any
closed container but it is advantageous to keep the volume
small.®’

Recombinant tetanus toxin C fragment (rTTC) was dissolved
in 70% formic acid and incubated with CNBr in the dark for 24
hours in a closed autosampler vial. Formic acid protonates the
amine functional groups (inactive) thereby leaving only the
electron rich Sulfur center to react with CNBr. The reaction
was quenched by evaporating the formic acid in a desiccator
containing NaOH pellets under vacuum.®®

Under the experimental conditions described above, CNBr
will cleave Met-X bonds on tetanus toxin fragment C in near
quantitative yield, to leave peptides with a C-terminal
methionine.® The expected peptides are shown by increasing

size in Table 5.1 and their amino acid sequence in Figure 5.2
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’ # An MOLECULAR WEIGHTS [
| PEPTIDE #2: 7 809
| pEPTIDE #3: 34 3,820
PEPTIDE #7: 76 8,122
PEPTIDE #4: 73 8,139
PEPTIDE #1: 75 8,168
| PEPTIDE #6: 91 9,377 |
PEPTIDE #5: 96 11,064
FRAGMENT C: 452 49,499 I

Table 5.1 Molecular weights of expected peptides (see

Figure 5.2 below for the amino acid sequence of the peptides).
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Glu Glu Asp
Asp Ile Ile
Leu Val Pro

Val Ile Val His

Ile
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Val
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Asn
Asn
Gln

B RES
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ELE
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sS40
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asp Met s4¢
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947
Phe

Glu

F

Trp Leu Arg Val
Ser Ile Ile Sexr

3]
4
X

Glu

8

981

)

Sexr Gly TIrp Sexr
Gly Glu Val Axyg
Asn Lys Trp Val

Asn Gly Val Leu

HE
CEER

]

Ile
Phe

i
v

Lys
Sex

1054
Gly Ser Ala

Leu Asp Axg
Lys Ala Leu

Leu Arg Asp
Ala Ser Ser

Gly Ala Ile Arg
Gln Tyr Val Serx
Glu Lys Leu Tyxr
Leu Arg Tyr Asp
Leu Lys Asn Ile

532
EEH]

Phe
S

H

1150

Tyr Leu Thr
Tyx Asn Gly
Val Lys Ser
Gly Tyr Pxo
Asn Ala Pxro

Asn Ala
Leu Ly=s
Gly Asp
Lys Asp
Gly Ile

1241

Glu Ala Val
Lys Asn Ala Ser Leu
Arg Asp Ile Leu Ile
Cys Asp Trp Tyr Fhe

Lys Leu

FPIGURE 5.2

Ile Asp Val Ile Leu Lys Lys Ser
Sex Asp Ile Ser Gly Phe Aan Ser
Gly XIle Asn Gly Lys Ala Ile His

Ly= Ala Mek sg39
75 a.a

7 a.a

Pro Lys Val Ser Ala Ser His Leu
sex Met sso

Val Ser Leu Lys Gly
Gln Ile Thr Phe
Phe XIle Thr Ile

Met 1053

a.a.

Amino acid sequence of expected peptides

from cyanogen bromide cleavage of fragment C.
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5.2.2 SDS-PAGE of CNBr generated fragments

The most commonly used protein electrophoresis system is
that described by Laemmli.®’ Laemmli gels by including SDS in
the gel fcrmulation and by treating the sample with SDS,
Separate polypeptides on the basis of molecular mass alone.
These gels are useful for the separation of large and medium
weight size polypeptides but will not resolve small peptides
below 15 daltons. Attempts were made to separate the CNBr
generated fragments on a 20% homogeneous and a 4-20% gradient
gels but were unsuccesful. Fourteen percent acrylamide gels
containing 4M urea were also used but in our Mini-Protean
system excess heat was generated and the gels were literally
cooked on the glass plates.

The SDS system found to be the most effective in
separating the CNBr generated peptides was a 20% uniform pore
gel with 0.5% crosslinking containing 10% glycerol. The pH of
the separating buffer of this system is 9.3 instead of 8.8 as
in the Laemmli system. This system was publiched by Guilian et
al (1985)% and is described in Section B Experimental.

The cleavage products of fragment ¢ were separated by
SDS~PAGE electrophoresis in comparison with markers of

molecular mass, and with the uncleaved fragment C.
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Figure 5.3 indicates that fragment C was broken into
several peptides ranging from apparenr molecular mass 45 kD to
well below 14.4 kD. The separation of these CNBr fragments in
pure form is not easily achieved, due to the tendency to
aggregate.®®
The peptides of higher apparent molecular mass than 14.4 kD
could also be the result of partial digestion.

However, two distinct bands appear below 14.4 kD. The
band of approximately 11 kD could be the expected high
molecular mass peptide # 5. The band below could be any of the

expected medium molecular mass peptides # 6, # 1, # 4 and & 7.

These peptides could then be transferred to a
nitrocellulose supporting membrane for staining and

identification.

i
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FIGURE 5.3 CNEr generated peptides of fragment C separated by SDS-PAGE

and stained with Com.ssi; blue. Lane A: Molecular mass markers. Lane B: zTTC

cleaved by (NBr and Lane C: rTTC.
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5.2.3 Western Blot of fragment C cleavage products

The gel containing the separated peptides of the CNBr
cleaved <fragment C was sandwiched with an immobilizing
membrane. When an electric £ield was applied across this
sandwich, the molecules moved from the gel to the
nitrocellulose (NC) membrame where they bound. At the end of
the transfer, the NC membrane was washed extensively to remove
SDS, which otherwise would denature the peptides and interfere
with antibody binding. Once bound, the peptides were incubated
with the four different antisera, namely the murine anti-toxin
(MTN) , murine anti-toxoid (MTD), the guinea pig anti-toxin
(GPTN) and guinea pig anti-toxeoid (GPTD) in order to test
their binding and specificity. These antisera gave different
identity staining of the peptides.

Figure 5.4 shows that GPTN exibited reactivity to as many
as 8 dissimilar peptides. The antibody binding sites localized
by immunoblotting correspond to most of the bands shown on
Figure 5.3, both high and low molecular mass fragments, scme
of which were more strongly indicated than others. This strong
reactivity of the anti-toxin guinea pig sera confirms the
ELISA findings in Chapter 3 where most of the GPTN sera
reacted with epitopes found within fragment C. GPTD reacted
with 10 bands but only 4 of whic]:.;. were commonly matched with
the GPTN reactants. MIN indicated 3 strong bands which seemed
to align with bands seen amorng the GPTD reactants but not

strongly identified among the GPTN reactants.
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MID showed very weak identity of the bands altogether.

This light staining may reflect few belical epitopes

recognized by the MTD antibodies remaining after SDS-PAGE and

electroblotting.™
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FIGURE 5.4 Immunoblot of fragment C cleavage products.

Lane A: Guinea pig «-Toxin. Lane B: Guinea rig a-Toxoid.

Lane C: Murine o-Toxin and Lane D: Murine a-Toxoid.
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5.3 Summary

Recombinant tetanus toxin C fragment (rTITC) was cleaved
with cyanogen bromide at points containing methionine
residues. The experimental conditions were optimized arnd the
CNBr derived peptides were separated on SDS-PAGE. The
separation of the low molecular mass polypeptides was achieved
on a 20% uniform pore gel with 0.5% crosslinking and
containing 10% glycerocl. A gel containing the separated
peptides was electrotransferred onto a nitrocellulose
supporting membrane. The reaction of the peptides with the
four different antisera, namely the murine anti-toxin (MTN),
murine anti-toxoid (MTD), the guinea pig anti-toxin (GPTN) and
guinea pig anti-toxeid (GPTD) gave different identity staining

patterns.

iy
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5.4 Experimental procedures
PART A - Cyanogen bromide cleavage of tetanus toxin fragment
C at points containing methionive residues
5.4.1 Introduction
Cyanogen bromide cleaves proteins at points containing
methionine residues. The experimental conditions were
optimized and the reaction was carried out in 70% formic acid.
Under the conditions described below, CNBr will cleave Met-X
bonds on tetanus toxin fragment C in near quantitative yield,
to leave peptides with a C-terminal methionine.
5.4.2 Reagents and Method
A, Reagents
1. Cyanogen Bromide F.W. 105.3 Fisher Scientific, Reagent
Grade, 0-2080.
A 1M solution can be prepared by dissolving 10.6 mg in
100 pl Acetonitrile.
9.6 mg CNBr were weighted and dissolved in 906 pul
acetonitrile to give a one molar solution.
2. Acetonitrile, HPLC grade, J.T. Baker
3. Auto sampler vials (2ml) with teflon septa, Varxian
Scientific (USA) |
4. 88% Formic Acid
7.955 ml of 88% formic acid were mixed with 2.045 ml H,0

to give a 70% sclution.

'

f
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7.

8.

Tetanus toxin C £ragment, recombinant (rTTC) lyophilized.
Boehringer Mannheim Biochemica 1 mg Cat. No. 1348655,
One mg vial =TTC was reconstituted in 1 ml H,0 to give
1 mg/m)l concentration.

Method

One hundred pl of 1 mg/ml(=100 ug) rTTC were evaporated
to drymess under Nitrogen in a 2 ml auto sampler wvial.
The dryed rTTC was dissolved in 50 pl of 70% Formic
acid and mixed with 2 pl of 1M CNBr (molar excess of
CNBr). This corresponds to approximately 200 ug
CNBr/100 pg of protein.

The top of the solution was f£lushed with Nitrogen and
the vial was closed with a polypropylene copen screw cap
and a teflon septum.

The sample was covered completely with aluminum foil
and incubated in the dark and at room temperature for 24
hours.

At the end of the incubation period the formic acid was
diluted to 7% by adding 450 pl H,0.%

The reaction was quenched by evaporating the formic
acid in a desiccator containing a beaker of NaOH pellets
under vacuum.

Steps 2.5 and 2.6 were repeated.

The sample was reconstituted with 100 gl EO.
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PART B - Separation of CNBr cleaved tetanus toxin C

fragment on SDS-PAGBE

5.4.3 Introduction

The electrophoretic separation of the low molecular mass

polypeptides obtained from the CNBr cleavage of rTTC was

rerformed on SDS-PAGE according to the method of Giulian, G.

G., et al.®
5.4.4 Reagents and Bquipment
See Chapter 4 Experimental Section
5.4.5 Preparation of Stock Solutions
1. Separating Gel Acrylamide Stock, (37.7%T 0.5%C,,.)
37.5 g Acrylamide and 0.1875 g Bis were disgsolved
k in 100 ml H,0 and stored ir the dark at 4° C
‘2. sStacking Gel Acrylamide Stock, (39.4%T 4.8%C,.)
37.5 g Acrylamide and 0.1875 g Bis were dissolved
in 100 ml E,0 and stored in the dark at 4° C.
3. Separating Gel Buffer Stock, (3 M Tris pH 5.3)
16.1 g trizma base and 2.7 g trizma HCl were dissolved by
warming in 50 ml H,0 and stored at room temperature.
4. Stacking Gel Buffer Stock, (0.5M Tris pH 6.8)
0.075 g trizma base and 3.85 g trizma HCl were dissolved
by warming in 50 ml E,0 and stored at room temperature.
5. 10% Sodium Dodecyl Sulfate

Teﬁ grams of SDS were disolved by warming ir 100 ml H,O.
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6. 10% Ammonium Persulfate (AMPS)
One hundred mg of AMPS were disolved by warming in 1 ml
E,0. This solution was prepared just prior to use.
7. Bromophenol Blue, {(0.5% w/v in 10% EtOE)
Fifty mg of bromophenol blue were disolved in 10 ml
10% ethanol.

8. Tank Buffer, 0.05 M Tris, 0.38 M glycine, 0.1% SDS
10.264 g Trizma base, 2.456 g Trizma-HCl, 57.8 g Glycine
and 20 ml SDS solution (1.2.5) were mixed and made up te
2.0 litres with E,O.

The pH of this solution was not checked (pH 8.4).

NOTE Reagents used below but their preparation not described
here are found in Chapter 4.

5.4.6 Method

1. Preparation of the Separating Gel
The procedure for preparing the separating gel is the
same as in Chapter 4 Section B except for the composition
of the gel which is shown below.

Separating gel 20%T, 0.5%C, 17 ml

Acrylamide Stock (1.2.1) 9.07 ml
H,0 1.75 ml
Glycerol (99.9%) 1.7 ml

Separating Gel Buffer (1.2.3) 4.24 ml
SDS (1.2.5) 0.170 ml
Ammonium PerSulfate (1.2.6) 0.048 ml

TEMED 0.024 mi
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Preparation of the Stacking Gel

The procedure for preparing the stacking gel is the same
as in Chapter 4 section B except for the composition of
the gel which is shown below.

Stacking gel 10%T, 4.8%C, 5 ml

Acrylamide Stock (1.2.2) 1.26 ml1
H,0 1.91 ml
Glycerol (99.95%) 0.5 ml

Stacking Gel Buffer (1.2.4) 1.25 ml
SDsS (1.2.5) 0.050 ml

Ammoniuvm PerSulfate (1.2.6) 0.015 ml

TEMED 0.012 pl

3. Sample preparation - see Chapter 4 Section B.

4, Preparation of Molecular weight standards - see Chapter
4 Section B.

5.4.7 Electrophoretic run conditions

1. Introduction

Tetanus toxin fragment C, recombinant, tetanus toxin
fragment C, recombinant cleaved by cyancgen bromide and
low molecular mass standards were separated on SDS-PAGE
by the method of Laemmli®! as modified by Giulian et al.*®
SDS-PAGE was done under non-reducing conditions on

BIO-RAD Mini-PROTEAN ITI slab cell using a discontirnuous

gel of 20 % separating gel and 10 % stacking gel.
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2.

2.1

Sample preparation

Tetanus toxin fragment C, recombinant (rTTC)

5 ul rTTC + 15 pl H,0 + 20 pl NON-Reducing buffer.

Load 10 ul in lane #5

Tetanus toxin fragment C, recombinant (xTTC) cleaved with
cyanogen bhromide.

10 pl rTTC + 30 pl NON-Reducing buffer.

Load 10 pl in lare #5

Loading the samples

The samples were loaded on the gel in the appropriate
wells as depicted in the template below using a 25 pul

Eamilton syringe.

LOW MOL rTITC
WEIGHET CNBx
STDS CLEAVED rTTC
NON-RED NON-RED NON-RED

1 3 5 7 9
18 pl 10 ul S ul

Power conditions

The lid was placed on top of the buffer chamber and

100 V constant voltage was applied to the cell and
electrophoresis hegan. When the sample bands were
concentrated, as they were entering the running gel, in
approximately 12 minutes, the power was interrupted. The
power was changed to 200 V constant voltage and the gel

was allowed to run for another 45 minutes.
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Removal of the gel

After electrophoresis was completed, the power supply was
turned of£f and the electrical leads disconnected. The gel
was removed from the glass plates and staining proceeded.
Staining and destaining

The gel was placed in a petri dish containing 0.125%
Coomassie Blue Stain (1.1.10) and shaken gently for one

hour followed by one hour each of Destaining Solution I

and Destaining Solutiocn II.

PART C - Electrophoretic transfer of SDS-PAGE gels

5.4.8 Introduction

The electrophoretic elution of proteins from poly-
acrylamide gels was first described by Towbin et al.”
The peptides generated by CNBr cleavage of fragment C,
were separated on SDS-PAGE as described in Section B. The
electrophoretic transfer of the gels was performed on the
BIO-RAD Minji-Trans-Blot Electrophoretic Transfer Cell.
Following electrophoresis, the gels were equilibrated
for 30 minutes in blotting buffer. They were then placed
in a gel holder <cassette, sandwitched between a
nitrocellulose membrane, £filter and fiber pads. The
transfer was performed at 30 V constant voltage for 16
hours. The peptides generated by CNBr cleavage of
fragment C, were separated on SDS-PAGE as described in
Section B, but with different loading arrangement on the

gel as shown below.
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Tetanus toxin fragment C cleaved by Cyanogen Bromide
Non Reduced
100 pl

5.4.9 Reagents and Equipment

l. BIO-RAD Mini Trans-Blot Electrophoretic Transfer Cell
2. Nitrocellulose membrane (0.20 micron), BIO-RAD 162-0112
3. Filter paper, Whatman #l1 Qualitative (England)

4. Gelatin, EIA grade, BIO-RAD 170-6537

-

5. FPor additional information, see Chapte{ 4

5.4.10 Preparation of buffers _

1. Preparation of Blotting Buffer, (0.25 M Tfis, 192 mM
glycine, 20% v/v methanol, pH 8.3)
3.03 g Trizma base, 14.4 g glycine and 200 ml of methanol
were mixed and made up to 1.0 litre with E,0. The pH of
this solution was not adjusted (pH 8.4).

2. Preparation of 10 % Gelatip Solution (Stock), (10%
Gelatin in 0.01M TBS-T, pHE 8.0).
Ten grams of gelatin were dissolved by warming in 100 mi
TBS-T.

3. Preparation of Blocking Solution, (1% Gelatin in
0.01M TBS-T, pH 8.0).
' One percent Gelatin was prepared fresh on day of analysis
by thoroughly mixing 9 ml TBS-T buffer with 1 ml of 10%

gelatin solution (stock) in TBS-T.
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5.4.11 Method

1.

1.1

2.

2.1

Equilibration of the gel, filter and fiber pads

The gel was placed in a glass petri dish containing
blotting buffer and allowed to equilibrate for 30
minutes.

Nitrocellulose of 0.2 micron porosity and pre-cut to the
dimensions of the gel was placed in a glass petri dish
containing blotting buffer and allowed to scak for

15 minutes.

Pre-cut Filter paper and Fiber Pads were completely
saturated by soaking them in blotting buffer in a plastic
dish.

The Mini Trans-Blot electrode was installed in the buffer
chamber and the buffer tank was £illed half full with
blotting buffer. A 1-inch magnetic stir was placed at the
bottom of the unit.

Assembly of the gel holder cassette

The gel holder cassette was opened and placed in a
shallow glass dish so that the grey panel is flat on the
bottom of the vessel. The grey panel is the cathode (-)
side and the clear panel is the anode (+) side.

A pre-soaked Fiber Pad was placed on the grey panel of
the cassette and a piece of saturated Filter Paper was

placed on top.
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2.8

The surface of the Filter Paper was saturated with
additional 2-3 ml blotting buffer. The equilibrated gel
was placed on top of the paper.

The surface of the gel was flooded with blotting buffexr
and the pre-wetted nitrocellulose membrane was lowered on
top of the gel. A glass test tube was rolled over the top
of the membrane to ensure that no air bubbles were
trapped between tkhe gel and the membrane.

The surface of the membrane was flooded with buffer and
the sandwich was completed by placing a piece of
saturated Filter Paper on top of the membrane followed by
a saturated fiber pad on top of the Filter paper.

The cassette was closed by holding firmly so the sandwich
would not move and the latch was secured.

The gel holder was placed in the buffer tank so that the
grey panel (-) is facing the grey cathode electrode
panel.

The buffer tank was set on top of a magnetic stirrer and
was filled with buffer to just above the level of the top
row of circles on the gel holder cassette. The magnetic
stirrer was turned on and the 1lid was put in place with
the electrode wires attached to the appropriate pins

of the electrode module.

The power supply was turned on and set at 30 V constant

voltage for an overnight transfer.
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2.10 At the end of the transfer, the membranes were removed

from the gel holder cassette.

PART D - Immunoblot on nitrocellulose membrane

5.4.12 Introduction
The tansferred peptide bands were +visualized and
identified by immunoassay technicues described below.

5.4.13 Reagents ard Methods

A Reagents

L. Sera and preparation of working serum dilut.on

1.1 Guinea Pig #]1 Antibodies, anti-tetanu: toxin (Final
bleeding). Ten pl of neat serum was diluted in 5 ml TBS-T
to give a working dilution of 1:500.

1.2 Guinea Pig #1 Antibodies, anti-tetanus toxoid (Final
bleeding) . Ten pl of neat serum was diluted in 5 mi TBS-T
to give a working dilution of 1:500.

1.3 Murine Antibodies (Poocl of 3 mice), anti-tetanus toxin
(Final bleeding). Ten ul of neat serum was diluted in
5 ml TBS-T to give a working dilution of 1:500.

1.4 Murine Antibodies (Pool of 3 mice), anti-tetanus toxoid
(Final ]:;leeding) . Ten pl of neat serum was diluted in

5 m1 TBS-T to give a working dilution of 1:500.

s
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2.

2.1

Conjugates and preparation of Working Conjugate dilution
Goat «-Guinea Pig IgG (H+L) Horseradish Peroxidase (ERPO)
labelled, Affinity purified (Rirkegaard and Perry
Laboratories, USA). X&P 14-17-06.

A 0.5 mg vial was reconstituted in 1 ml E,0.

Ten pl was diluted in 5 ml in TBS-T to give a working
dilution of 1:500.

Goat «-Mouse IgG (H+L) Alkaline phosphatase (AP)
labelled, 1 ml Zymed (Californmia USA) 62-6522.

Ten pl were diluted in 10 ml to give a working dilution
of 1:1000.

Substrates/Chromnogens

Horseradish Peroxidase Substrate

4-chloro~1 maphthol (CNS), Sigma 115F-3680.

Fifteen mg of CNS were dissolved in 15 ml methanol to
give a Stock solution of 3 mg/ml.

One ml of CNS (stock) was mixed with 5 ml TBS pE 7.4 and
20 ul of 3% H,0, to. This working concentration was
prepared 5 minutes prior to use in an amber container.

Alkaline Phosphatase Substrate

BIO-RAD Alkaline Phosphatase Conjugate Substrate Kit,

Catalog No. 170-6432
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3.4

1.

4.

4.1

Contents: - Color reagent A (contains nitroblue
tetrazolium in aqueocus dimethylformamide
(DMF) , containing magnesium chloride).
- Color reagent B (contains S5-bromo-4-
chloro-3-indeolyl phosphate in DMF)
- AP color development buffer.
Preparation of working solution
OCne hundred pl of A, 100 pl of B and 9.8 ml of colour
development buffer were mixed and allowed to warm to room:
temperature.
For additional information, see Chapter 4.
Method
Transfer power conditions
Overnight transfer: At start 30 ¥ and 91.7 mh:;
At finisk 30 V and 117 mA.
Blocking with 1% Gelatin
At the end of the transfer, the membranes were removed
from the gel holder cassette, and cut inte five egual
strips. Four strips were placed in a glass petri dish and
allocwed to incubate for 4 _hours in blocking solution.
Wash
The four strips were washed twice with TBS-T pH 8.0.
Sexa
The four nitrocellulose strips were properly labelled and
incubated for one hour at 2% °C with the appropriate

sera.
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5.

5.1

5.

6.1

At the end of the serum incubation the strips were washed
twice with TBS-T pHE 8.0

Conjugates

The two nitrocellulose strips incubated with guinea pig
sera were incubated for one hour at 25° C with the goat
a-Guinea Pig IgG (H+L) HRPO labelled conjugate.

The two nitrocellulose strips incubated with murine sera
were incubated for one hour at 25° C with the goat
a-Mouse IgG (H+L) 2Alkaline phosphatase labelled
conjugate.

At the end of the conjugate incubation the strips
incubated with the ERPO conjugate were washed twice with
IBS pH 7.4 and the strips incubated with the AP conjugate

were washed twice with TBS-T pE_8.0 and once with the AP

colour development buffer at room temperature.
Substrates/Chromogens

The strips incubated with the AP conjugate were incubated
with the AP substrate.

The strips incubated with the HRPO conjugate were

incubated with the HERPO substrate.

GUINEA PIG GUINEA PIG l MURINE MURINE
a-TOXIN a-TOXOTID o-TOXIN || a-TOXOID

[ ]

— I —
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Chapter 6: Multiple Antigenic Peptide

6.1 Introduction

Conventional methods for the production of wvaccines
involve the conjugation of synthetic peptide antigens to
protein carriers to enhance the low immunogenicity of the
peptides. However, these methods have several limitations.
The molecular excess of the carrier may supress the B cell
response to the epitope of interest.’” Conjugation to the
carrier may radically modify the antigenic epitopes of the
pPeptide. The peptide antigen represents only a minor fraction
of ﬁhe total molecular weight of the peptide-antigen conjugate
thus the humoral immunity would be directed mostly against
other epitopes of the complex.”

The Multiple Antigenic Peptide (MAP) method for peptide-
based vaccines overcomes such limitatioms. The protein
carrier is replaced with a small immunogenically inert core
matrix comprised of lysine residues with «- and ¢- amino
groups for anchoring multiple copies of the same or different
synthetic peptides.’7®

Lysine is a trifunctional amino acid which has two amino
groups (N® and N*‘) available as reactive ends. The first level
of lysine will produce two reactive ends; the second level,
consisting of three lysines, contains four amino groups; the
third 1eve1'; consisting of seven lysines, contains eight amino

acids groups, and zo on.’¢
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A schematic representation of the core matrix of the MAP

is depicted in Figure 6.1.

A B C
NH, NH,
;Hz NH, H, NH; H,
NH, NH; “NH, NH H,
NH, NH;

ot

S
Cee G

’

FIGURE 6.1 Schematic representation of the core matrix of Tt_étiefnizf.‘
. .oy PR
(A) First level, divalent; (B) second level, tetravalent; (C) thirzd level,

octavalent ; and (D) fourth level, hexadecavalent.”™
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A typical example of MAP consists of a core matrix with
a heptalysine that links to eight dendritic arms of peptides
containing antigenic peptides. This approach is flexible and
allows preparation of immunogens consisting of various
epitcpes in different arrangements. Because of the close
packing of these antigens in a scaffolding, MAPS may have the
advantage of providing a tertiary structure that allows
stabilization of secondary structures of peptide antigens.

Bach arm of peptide may consist of 10 to more than 20
amino acids resulting in a very immunogenic macromolecular
structure with a high antigen content (about 80%). This
macromolecular structure provides a high density of surface
peptide antigen while the small lysine backbone, representing
2 minor portion of the total octameric structure is non
immunogenic.”

The MAP containing the peptides can be synthesized as a
single unit by the direct step-wise solid-phase (SPPS) method
of Merrifield (1963).7° Another approcach is the indirect
nmodular which synthesizes the activated peptide antigen and
the carrier separately, and then coupled to each other to form
the MAP. This procedure allows one to keep the carriexr .ﬁ}

stock and to couple one or more synthetic antigens to it when

desired.™
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6.2 Solid phase peptide synthesis
6.2.1 Introduction

Solid Phase Peptide Synthesis (SPPS) is based on
sequential addition of o-amino and side chain protected amino
acid residues to an insoluble polymeric support (Figure 6.2).
The acid-labile Boc group or base labile Fmoc-group is used
for N-a-protection. After removal of this protecting group,
the next protected amino acid is added using either a coupling
reagent or pre-activated protected amino acid derivative. The
resulting peptide is attached to the reéin, via a linker,
through its C-terminus and may be cleaved to yield a peptide
acid or amide, depending on the linking agent used. Side chain
protecting groups are often chosen so as to be cleaved
simultaneocusly with detachment of the peptide from the resin.

Cleavage of the Boc protecting group is achieved by
trifluorcacetic acid (TFA) and the Fmoc protecting group by
piperidine. Final cleavage of the peptide resin and side chain
deprotection requires strong acid such as hydrogen fluoride
(HF) or trifluorcmethanesulfonic acid (TFMSA) in the case of
Boc chemistry and TFA in Fmoc chemistry. Dichloromethane (DCM)
and N,N-dimethylformamide (DMF) are the primary solvents used
for resin deprotection, coupling and washing.

Unlike regular peptide synthesis, there is no need for
purification of the crude cleavage products other than

desalting using a Sephadex columm.”

7
K
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FIGURE 6.2 General Scheme of SPPS
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6.3 The direct approach
6.3.1 Introduction

A peptide antigen and the lysine core are synthesized as
a single unit on a resin support.
6.3.2 The polymeric support

The first requirement of solid phase peptide synthesis is
a suitable solid support. The most commonly used support
still remains a cross-linked polymeric resin, produced as a
suspension copolymer of styrene-divinylbenzene (s-dvb) in the
form of beads approximately 50 microns in diameter. This
peptide resin because of its physical and chemical properties
not only does not have detrimental effects on the synthesis
but actually has beneficial effects in certain instances. One
of the well recognized difficulties with the classical
synthesis in homogenecus solution is insolubility of scme

intermediates.®

The swollen peptide-resin exerts a st:;q/g.g
solvating effect on the covalently attached peptide chains.
The net result is that peptide-resin beads swell to an ever
greater extent as the protected peptide chain is elongated.
The highly solvated state of the peptide resin should be
maintained throughout the synthetic cycle in order to maximize
reaction yields. Maximal swelling also allows unhindered
diffussion of molecules between the inside and the ocutside of

the swollen beads and is essential for efficient washing of

the peptide resin.®
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6.3.3 Functiopalizatiorn and anchoring

Originally the mode of attachment of the peptide to the
resin was through formation of a benzyl ester bond between the
carbonyl-terminal amino acid and the solid support. Tﬁis bond
is often derived from chlorocmethyl-resin and is not completely
stable under the acidic conditions required for the removal of
the protecting group. The resin is chloromethylated by a
éubstitution of a chloromethyl group -CH,Cl for a benzene ring
hydrogen using ZnCl, as catalyst and further modified by
nitration. A more acid-stable anchoring bond is needed for the
differential stability toward acid for the @-amino and a«-
carbonyl groups. Such a group was synthesized, known as the
BOC-aminoacyl-OCH,-pam-resin, it is 100-£fold more stable than
the conventiomal benzyl ester-resin linkage. In short, this
greater acid-resistant pam-resin support reduces heterogeneity
of peptide products, results in much higher yields, and is
essential for the synthesis of complex and long peptides.®-*®

The introduction of functional groups suitable for
further elaboration is called functionalization or priming
with an active group.

Many other supports have also been examined such as
polymeric membranes, cellulose paper disks that can be packed
into a column, polyethelene f£ilm and polyacrylamides. Only
polyacrylamides have seen widespread use.®

The process begins with a resin support containing a

simple amino acid such as glycine, which serves as an internal
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standard for calculating the molar ratio of other amino acids.
The carboxyl terminal residue of the polypeptide enters the
reaction attached to the polymer by an ester bond. This

process is called anchoring.

6.3.4 Repetitive deprotection/coupling cycle

The first level of the core matrix contains a diprotected
lysine, usually BOC-lys (BOC) (t-butyloxycarbonyl). Since the
protection scheme of the a- and ¢-amino groups are similar,
deblocking the BOC groups followed by coupling a new round of
BOC-1lys (BOC) will furmish the next level of the core matrix
containing two lysines, one at the a-amino position and the
other at the e¢-amino position. This second lavel of branching
will give a tetrameric map containing four amino groups.
Similarly, the third-level branching will produce four
lysines, eight amino groups, and an octameric map.

The incorporation of the peptide antigen could begin at
either the second level of the tetrameric map or the third
level of the octameric map. In this way, the peptide
immunogen is amplified four or eight f£old during the

synthesis.”™

$.3.5 Protection
In the assembly of peptide chains by chemical means it is
necessary to protect reactive functionalities other than those

involved in peptide bond formation.
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Such protection must be reversible without damage to the
assembled peptide chain. In SPPS at least two types of
protection are necessary: temporary protection of the a-amino
group, removable after formation of each peptide bond; and,
side chain protection removable after assembly of the complete
peptide chain. Curréﬁt methods fall into two categories,
depending on the nature of the group used to block reversibly
the amino groups of the aminc acids that are being added. The
classical method uses the tertiary-butyloxycarbonyl [(CH,),C-O-
CO-, BOC] group which can be removed by acid. The recent
method uses the Fmoc (fluorenylmethoxycarbonyl) group as the
temporary protecting group and the permanent side chain is by

the acid-labile tertiary butyl-derived protecting groups.®

CHy
CH3 —— CH:‘
——f——ro TFA
7
(TS o
CH
Fmoc 9 P2
H cna—o-c{-NH-cH-?-NHaMNV
1
Piperdine
Boc¢c OI T HF
| !
=0
cH
CHy 4 [
CH;—— 0- c~}v NH= CH= C- NHanmnns
CHs b
TFA
Pigure 6.3 Protecting group strategies in SPPS
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6.3.6 Coupling or activation

Peptide bond formation between a carbonyl and an amino
group does not occur spontaneously under most conditions. One
of these groups must be cornverted into a more reactive form.
Inspite of many altermatives, essentially all peptide bonds
are currently formed using the coupling agent
dicyclohexylcarbodiimide, either "in situ" activation of the
carbonyl compenent in the presence ¢of the amino component, or
through the prior formation of a symmetric anhydride or an

active ester.®®

6.3.7 Deprotection

The amino group must now be deprotected to allow for the
formation of a peptide bond with the next amino acid.
Incubation of the resin with a strong solution of EBr in
anhydrous acetic acid removes the protecting group.

The desired peptide chain is synthesized by successive

stepwise amino acid addition and deprotection reactions.

6.3.8 Cleavage

At the completion of the synthesis, the peptide immunogen
is usually capped with an acetyl group. The necessity for
acetylation depends on the origin of the peptide in the
protein sequency. Capping is appropriate for peptide derived
from the internal sequences since it would remove the charged

amino group. The whole unit is then cleaved from the resin
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support by a strong acid. The product may be purified by
dialysis or the usual chromatographic techniques, such as gel

permeation chromatography, and could be used directly for

immunization.

6.4 The indirect approach
6.4.1 Introduction

This approach requires the conjugation of two purified
components: a chlorocacetylated oligomeric lysine core matrix
and a synthetic peptide containing cysteine at either the
carboxyl or amino terminus. The resulting MAP is structurally
unambiguous and contains a quantifiable amount of peptide
antigens. Furthermore, this method also provides a flexible
strategy to link a peptide antigen to the core matrix at the
desirable orientation to mimic the native molecule.®’
6.4.2 The importance of orientation

The importance of the correct orientation of a peptide
immunogen attached to a protein carrier has been examined when
the same peptide is coupled through a Gly-Gly-Cys linker at
either the N- or C-terminal end. From these results it was
clear that orientation of the immunizing peptide bhas a
profound effect on the magnitude and specificity of antibody
responses when raising antipeptide antibodies.’® In general,
the orientation of the peptide immunogen should mimic the
protein structure, which would also govern the orientation of

the peptide antigen attached to the core matrix by the MAP
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approach. For peptide immunogens that are derived from the
amino terminal fragments or the internal positions of protein
molecules, the direct approach of linking the carboxyl end of
these fragments to the core matrix would provide the best
results. In such cases, the flexible end of a peptide
immunogen would be at the amino terminus. For peptide
immunogens that are carboxyl fragments of protein molecules,
the direct approach would give an incorrect orientation
because the free and flexible carboxyl end is attached to the
core matrix. The indirect approach of preparation would
overcome this deficiency. By positioning a cysteine at the
NH, terminus of a peptide, the peptide antigen can be attached
to the chloroacetylated lysine core matrix at its NH, end to
give the correct orientation. When the immunogenicity of a T
cell stimulatory mycobacterial epitope (65-85) conjugated to
poorly immunogenic sites from foot-and-mouth disease virus was
studied, it was established that the 65-85 can provide T cell
help for antibody response to adjacent peptide linked on the

N-terminus, but not on the C-terminus.®

6.5 Limitations of synthetic peptide vaccines.”

1. The feasibility of large-scale production.

2. Selectivity, stability, and. safety of an idealized
synthetic wvaccine.

3. Use of protein carrier is a major limitation. Large

compared to peptide antigen.
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4., The desirable antibodies may represent only a minor
fraction of the total amount of antibodies
produced.

5. Protein carrier: many irrelevant epitopes that
cause carrier toxicity and epitopic suppression for
human vaccines.

6. Chemical ambiguity of the antigen-protein carrier
conjugate. No consistent batch-to-batch production
of vaccines.

7. Low immunogenicity induced by the peptide-protein
carrier conjugate, partly because the amount of
desired antigens attached to the protein carrier is
usually small.

8. Limited to the incorporation of ohe epitope to the

protein carrier.

6.6 The MAP approach
6.5.1 Introduction

As the name implies, the MAP approach, using a small core
matrix comprised of oligomleric lysine, is a unique
presentation system of amplifying pe;ptide antigens into
multiple copies. As a result, this approach provides a very
high density of peptide antigens at the surface and a
nonprotein core matrix as a scaffolding that supports the
peptide antigens. This approach replaces the conventional

approach of using a protein carrier and thus eliminates many
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of the disadvantages associated with its use.

The map approach: Replacing the protein carrier, with a
small structural unit that can amplify peptide antigens
without the disadvantages of a protein carrier.

This small core matrix must be:

1. Nonimmunogenic

2. aAble to amplify the peptide antigens to a macromclecule
3. Flexible to incorporate multiple epitopes

4. Accessible to design and chemical synthesis

A core matrix consisting of branching trifunctional amino
acids such as lysine satisfies these requirements. The core
matrix, is comprised of oligomeric branching rather than
polymeric lysine (Figure 6.4)

{Boc or Fmoc) \

Lys

{Bocor Fmoc)/ \
Lys :

{Bocor Fmoc)\ /
Lys
: (Bocor Fmoc)/
Lys-{Cys(Acm)}-BAla-Resin

(Bocor Fmoc)\
Lys
(Bocor Fmoc)/ \
/

o

{Boc or Fmoc)\

Lys Cys{Acm) optional
{8oc or Fmoc)

Figure 6.4 General structure of 8-branch MAP core -
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For example, a foot-and-mouth disease virus (FMDV) 20-
residue attached to an octameric branching core matrix
consisting of seven lysines will give a MAP? molecule with a
mol wt of about 23,000 Da. However the same immunogen when is
conjugated to a protein carrier such as KLH
(mol wt > 1,000,000) will give a low density of peptide
antigens randomly distributed on the protein carrier surface.
The FMDV MAP elicited protective levels of neutralizing

antibody without the use of a carrier protein.®

6.6.2 Advantages of MAP

1. The map structure can be unequivocally represented
by a chemical formula and can be verified with
great precision by analytical methods such as amino acid
analysis, sequencing, and mass spectrometry.

This properxty is essential for quality control and
consistent batch-to-batch production.

2. There is no need for conjugation to a protein a
carrier that may cause such undesgirable
immunological reactions as epitopic suppression.

3'.‘ Finally, there is the advantage of flexibility that

;glloﬁs the design and engineering of multiple B-

and T-cell epitopes.

This flexibility is possible due to the sophistication of

peptide synthetic methodology to chemically distinguish
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between the a andé € amino groups and its ability of selective
attachment of different epitopes of the B- and T-cell origin.
The inclusion of T-cell epitopes that could enhance the
immunogenicity or elicit cell mediated immune responses 1S an
important consideration in the design of vaccines.

In short, the MAP strategy provides many of the

desirable features of the peptide based vaccine.

6.7 Results and Discussion
6.7.1 Introduction

T helper cell epitopes within tetanus toxin have been
located by generating protein fragments by various methods,
including enzymic or chemical fragmentation. A number of these
peptides are universally immunogenic, since they are
recognized by all primed donors irrespective of their MHC
haplotypes.* The ability of these T cell epitopes to interact
with many different HLA alleles means they may potentially be
very useful “"universal carrier molecules" in synthetic
vaccines. A map of the major human T helper cell epitopes of
tetanus toxin was constructed by Geysen and his group as

depicted in Figuxe 6.5.%

947 - 967 (1.3)

73-93(13) 593 - 599 (12) ||830 - 844 (1.3) |[916 - 932 (12) ] 1273 - 1284 (2}

/ /

\ 1315
141 - 171 257-268 | 615 - 631 652 - 663
\
640 - 651
FIGURE 6.5 A map of the major human Th epitopes of tt*
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One such promiscuous epitope is located on fragment 830-
844. This epitope was used by Dr. Roy and his collaborators to
construct a MAP. Different sialic acid-containing antigens
(3 cell epitopes) were conjugated to the promiscuocus T cell
epitope. The immunogenicity of carbohydrates is very poor
since they do not trigger a T-cell dependent response and
hence memorv B cells and antibody class switching. This was
observed repeatedly when gangliosides were used as vaccines.
Preliminary results with BALB/c mice indicated that the MAP
induced IgG, and IgM antibodies.

The amino acid sequence of fragment 830-844 1is:

834¢ 844
Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu

The antigenic reactivity of this MAP was tested with

anti-toxin and anti-toxoid antibodies in ELISA assays.

830 8aa
R-X-Gin-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-ltle-Gly-lle-Thr-Glu-Leu >L
R-X-Gln-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-le-Gly-lle-Thr-Giu-Leu =7 vs
R-X-Gin-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-Glu-Leu

R-X-Gin-Tyr-Re-Lys-Ala-Asn-Ser-Lys-Phe-le-Gly-lle-Th-Glu-Leu Lys-B-Ala-Y

R-X-Gin-Tyr-lle-Lys-Alo-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-Ghu-Leu
R-X-Gin-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-Glu-Leu VS
R-X-Gin-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-Giu-Leu )L
R-X-Gin-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-Glu-Leu -

R = Siclosides : Sialic Acid. Sialyl- ¢-(2.3)-Loctose, poly-a-(2.8)-Siclic Acid
X = -3-Cys-Gly- or - S-CH2CO-Gly-Gly-
Y = -NH2 or-OH

Figure 6.6 The structure of the MAP constructed by Dr Roy
et a1% . -
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Another such promiscuocus epitope is 947-967, which is
found in fragment 947-980, obtained by the CNBr cleavage of

tetanus toxin fragment C as described in Chapter S.

947
Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val
967
Ser Ala Ser His Leu Glu Gln Tyr Gly Thr Asn Glu Tyr Ser Ile
980

Ile Ser Ser Met

6.7.2 BLISA assays and Discussion

The ELISA jimmunoreactivity of antisera derived from
guinea pigs and mice immunized with tetanus toxin and toxoid
was tested in microtitre wells cocated with 1 pg/ml MAP. The
MAP was donated Dr Roy but without the carbohydrate moiety
attached. The immmunogenic fragment 830 to 844 of tetanus
toxin must contain at least one linear sequence of amino acids
capable of acting as a T-cell epitope. The results from these
assays also show that although this sequence is important for
immunogenicity, it is also important for antigenicity and must
contain at least one B-cell epitope.

Guinea pig sera induced by immunization with both tetanus
toxin and toxoid gave a shallow response to the MAP (Figures
6.9 and 6.10). This is indicative of large amounts of low
affinity antibodies. On the other hand, antisera from mice
immunized with tetanus toxin and toxoid produced steeper
curves which is characteristic of small quantity high affinity
antibodies.®
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Anti Tetanus toxin Murine Antibodies

MAP ELISA

1.27
1.1-

0.8
0.8
0.7
0.6-
0.5-

0.44

Optical density at 450 nm

0.3-
0.2
0.14

0.02

Figure 6.7

{ ] 1 i 1 i |
0.01 0.005 0.003333 0.0025 0.0C2 0.00166 0.00125

Antibody dilution

Binding of «-tetanus toxin Murine sera
with MAP (1 pg/ml)
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Anti Tetanus toxoid Murine Antibodies
MAP ELISA

Optical density at 450 nm

| | { i i
0.02 0.01 0.005 0.0025 0.00166 0.001 0.0002
0.003333 0.002 0.00125 0.0005

Antibody dilution

- /’//’;
Figure 6.8 = _Binding of ¢-tetanus toxoid Murine sera

with MAP (1 pg/ml)
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Anti Tetanus toxin Guinea Pig Sera
MAP ELISA

1.1-

o o ©0 O
o ~N o o -
| | 1 1 [

O
g

Optical density at 450 nm
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S hy &

T ] T ] T
0.02 0.01 0.005 0.003333 0.0025 0.002 0.0016

Antibody dilutions

Figui'e 6.9 Binding of «-tetanus toxin Guinea pig sera
with MAP (1 pg/ml)
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Anti Tetanus toxoid Guinea Pig Sera
MAP ELISA

1.5
1.4+
1.3
1.2
1.1

14 =
0.9
0.8
0.7
0.6
0.5
0.4+
0.3
0.2
0.1+

0 l ] | ] ]
0.02 0.01  0.005 0.0033330.0025 0.002 0.00166
Antibody dilutions:

Optical density at 450 nm

Figure 6.10 Binding of x-tetanus toxcid Guinea pig sera
with MAP (1 pg/ml)
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6.8 Summary The reactivity of the four different antisera,
namely the murine anti-toxin, murine anti-toxocid, the guinea
Pig anti-toxin and guinea pig anti-toxoid was tested in ELISA
assays with the MAP. The MAP used in these experiments was not
sialylated. However this MAP was Proven to be antigenic in
both species. This indicates that the 830 to 844 sequence
contains at least one B-cell epitope. The Guinea Pig sera
induced by ZImmunization with both tetanus toxin and toxoid
appeared to contain antibodies of low affinity towards the
MAP. On the other hand, antisera from mice immunized with

tetanus toxin and toxoid produced antibodies of high affinity

towards the MAP,

6.9 Experimental Procedures

For details of the ELISA assays please see Chapter 4.

£
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APPENDIX I
Nucleotide sequence of the tetanus toxin gene and the deduced

amino acid sequence. The arxrrow + between Ala(457) and Ser(458)
indicates the start of the heavy chain. ¥ indicates the papain

cleavage site.'0-42

+1 30 60
ATG CCA ATA ACC ATA AAT AAT TTT AGA TAT AGT GAT CCT GTT AAT AAT GAT ACA ATT ATT
Met Pro Ile Thx Ile Asn Asn Phe Arg Tyr Ser Asp Pro Val Asn Asn Asp Thr Ile Ile

90 120
ATG ATG GAG CCA CCA TAC TGT AAG GGT CTA GAT ATC TAT TAT ARG GCT TTC ARA ATA ACA

Met Met Glu Pro Pro Tyr Cys Lys Gly Leu Asp Ile Tyr Tyr Lys Ala Phe Lys Ile Thxr

150 180
GATCGTATTTGGATAG‘I‘GCCGGMAGGTATGAATTTGGGACAMACCTGMGMTTTMC
Asp Arg Ile Trp Ile Val Pro Glu Arg Tyr Glu Phe Gly Thr Lys Pro Glu Asp Phe Asn

210 240
CCA CCA TCT TCA TTA ATA GAA GGT GCA TCT GAG TAT TAC GAT CCA AAT TAT TTA AGG ACT
Pro Pro Sar Ser Leu Ile Glu Gly Ala Ser Glu Tyr Tyr Asp Pro Asu Tyr Leu Arg Thr

270 300
GATTC‘I’GATAMGATAGATTTTTACAAACCATGGTAAMCTGTITMCAGAMTMAMC
AsSp Ser Asp Lys Asp Arg Phe Leu Gln Thr Met Val Lys Leu Phe Asn Arg Ile Lys Asn

330 360
ATIT GTA GCA GGT GAA GCC TTA TTA GAT AAG ATA ATA AAT GCC ATA CCT TAC CTT GGA AAT
Asn Val Ala Gly Glu Ala Leu Leu Asp Lys Ile Ile Asn Ala Ile Pro Tyr Leu Gly Asn

390 420
TCATATTCCHACTAGACMGT‘I’TGATACAAACTCTMTTCRGTATCTT‘ITAATTTATTA
Ser Tyr Ser Leu Leun Asp Lys Phe Asp Thr Asn Ser Asn Ser Val Ser Phe Asn Leu Leu

450 480
GAA CAA GAC CCC AGT GGA GCA ACT ACA AAR TCA GCA ATG CTG ACA AAT TTA ATA ATA TTT
Glu Gln Asp Pro Ser Gly Ala Thr Thr Lys Ser Ala Met Leu Thr Asn Leu Ile Ile Phe

510 540
.Gsaccrccccc'rcn'nammmc&smasassransrnncmse’msmm
Gly Pro Gly Pro Val Leu Asn Lys Asn Glu Val Arg Gly Ile Val Leu Arg Val Asp asn

570 600
AAA AAT TAC TTC CCA TGT ABA GAT GGT TTT GGC TCA ATA ATG CAA ATG GCA TTT TIGC CCA
Lys Asn Phe Pro Cys Axg Asp Gly Phe Gly Ser Ile Met Gln Met Ala Phe Cys Pro

Ty

630 660
mmmccraccmmmmmmmnnacercacrcacrmsscm
Glu Tyr Val Pro Thr Phe Asp Asn Val Ile Glu Asn Ile Thr Ser Leu Thr Ile Gly Lys

630 720

AGCAMTMMCMGMCCAGCATTACTATBAMGCACGMCTTMACATG‘IACT}[:CAT
Ser Lys Tyxr Phe Gln Asp Pro Ala Leu Leu Leu Mat His Glu Leu Tle His Val Leu dis

140

b

i

7



Gly

ATG
Met

AAT
Asn

GCT
Ala

AGC
Ser

Ile

ATT
Tle

GAC
Asp

?.Asn

Asn

Lys

GAT

Lys

Lys

AAR
Lys

Leu

CAG
Gln

Leu

ATA
Ile

TAC

GTA
Val

Glu

CCcT
Pro

ATA
Ile

GCT
Ala

Ile

TTA
Leu

Asn

CCA
Pro

ATT
Ile

TAC

CAT
Hisg

ATA
Tle

GCT
Ala

Lys

ABn

TTG
Leu

Vval

Glu

Phe

ATA
Ile

Gly

AGC
Ser

TTA
Zeun

ACA
Thr

GGA
Gly

ACA

AGT
Sexr

AAC
ASn

Gln

Glu

Gly

Lys

AGC
Serxr

AGA
Arg

CCA
Pro

Gly

Phe

TTA
Leu

ATG
Met

TAT

ATT
Ile

Lys

ATA
Ile

GAT
Asp

Lys

ATT
Ile

Lys

AAT

CCA

Pro

Glu

TCA
Ser

Phe

CCT
Pro

CAG
Gln

CCa
Pro

GAT

Leu

TAT

Lys

Lys

CCA
Pro

GAT
Asp

Val

ACA
Thx

TTA
Leu

Glu

GTA
Val

ATA
Ile

ATA
Ile

AGT
Ser

Gln

Phe

Phe

AAT
Asn

CIG
Leu

GAT
Asp

AAT
ASn

TGT
Cys

Glu

TCA
Ser

AGT
Ser

Lys

Gln

Gln

CAG
Gla

Asn

TTA
Leu

Lys

GGA
Gly

ATA
Ile

ATA
Ile

CCA
Pro

TCG
Ser

AGG
Arg

750
AGC CAT
Ser His

810
GCT GAA
Ala Glu

870
AAC GAT
Asn Asp

930
GTC ACT
Val Thr

9s0
AAA TAT

Lys Tyx

1050
ATA CTA
Ile Leu

1110
ATA AAA
Ile Lys

1170
TTA GAT
Leu Asp

1230
TCT GAA
Ser Glu

1250
TCA GGC
Ser Gly

13590

AGA GAA
Arg Glu

1410
AAA ATT
Lys Ile

1470
TTT CAA
Phe Gln

1530
CTA GAT
Leu Asp

1580
ACA ACC
Thxr Thxr

141

GAA
Glu

Glu

TTA
Leu

AGC
Ser

TAT

CTA
Leu

AAT

ASn

Lys

GAT

Lys

CCA
Pro

ATT
Ile

CTA
Leu

TAT

TGC
Cys

TTC
Pha

Asn

AGA
Arg

ACA
Thr

Lys

GTT
Val

TTA
Leu

Asn

Glu

ATT

Ile

val

ATT
Ile

TTC
Phe

Glu

AAT
Asn

GAT
Asp

AGC
Sexr

Leu

ATT
Ile

GGA
Gly

TCA
Ser

TAT

Glu

ATA
Ile

ATT
Ile

ACA
The

CCA
Pro

ACT

Lys

GAT
Asp

Lys

ATA
Ile

TQCT
Ser

TAC

Gln

Lys

AAT
Asn

GAT
Asp

Val

GTA

Val

Lys

TCC
Ser

Phe

ACT
Thr

cce
Pro

GAT
Asp

ATG
Met

AAT
Asn

CTT
Leu

AAA
Lysa

GGC
Gly

TTA
Leu

ANC
Asn

AGC
Ser

TAT

Phe

GAT
Asp

ATG
Met

ATT
Ile

Glno

GGA
Gly

AAT
Asn

ATT
Ile

AAT
Asn

GGT
Gly

AGT
Ser

ACA
Thr

AGG
Arg

GGC
Gly

780
GAA ATT TAT
Glu Ile Tyr

B840
CAG GAT GCT
Glzn Asp Ala

900
GAT TAT AAA

Asp Tyx Lys

960
GAT ATT GAT
Asp Ile Asp

1020
GGA CAR TAT

Gly Gln Tyr

1080
TTT ACA GAG
Phe Thr Glu

1140
ATG AAT CAT
Met Asn Hia

1200
GAA GGA TIT
Glu Gly Phe

1260
GTA AAT ACA
Val Asn Thr

1320
TTA TGT AAA
Leu Cys Lys

HEAVY CHATNi3so
AGA ACT GCAW“"2A TTA ACA
Arg Thr Ala Ser Leu Thr

TTA
Leu

AGT
Ser

GAT
Asp

GGA
Gly

ACT
Thx

TAT
Tyr

TAT
Tyz

ATT
Ile

457

TIT
Phe

AAT
Asn

AAT
AsSn

CCA
Pro

458

1440
ATA GCT GAA
Tle Ala Glu

1500
ACA AAA AMAT
Thxr Lys Asn

1560
CTA CAM AGT
Leu Gln Ser

1620
TAT GCT CCA
Tyr Ala Pro



Glu

TAT

TCT
Ser

AGT
Ser

GAT
Asp

ACT

Phe

ACT
Thr

ATA
Ile

CTA
Leu

ATG
Met

Lys

Lys

TICT
Sar

TAT

Gla

val

Lys

GAT
Asp

ATIT
Ile

ATA
Ile

TTA
Leu

Lys

GTA
val

TAT

Ile

Leu

AGA
Arg

Asp Thr

Ile

Lys

TAT
IyT

GAT
Asp

val

Phe

val

GGC
Gly

CCA
Pro

ACA
Thr

Lys

AGA
Arg

TAT

Glu

TCA

Ser

Gln

Glu

AGT
Ser

TIG
Leu

GAC
Asp

AAC
Asn

ACC
Thx

CCT
Pro

GCT
Ala

GTA
Val

ATA
Ile

GCA
Ala

TCT
Sear

TCA
Ser

Glu

Phe

AGC
Ser

CTA
Leau

Asn

TAT

GCA
Ala

Gln

AAT
Asan

TAT

TTA
Leu

ATT
Ile

TITA
Leu

GGA
Gly

AAG
Lys

TTA

Leu

Lys

Lys

GCT
Ala

GCT
Ala

TTA
Leu

Gly

Glu

ATA
Ile

Glu

GCA
Ala

AAC
Asn

TGG

Glu

CCT
Pro

GCT

Ala

Val

Asn

Lys

GCA
Ala

Gln

ATA
Ile

GCA
Ala

TCT
Sexr

Gly

ACT

GCT
Ala

Phe

TTA
Leu

TAT

GAT

Asp

AAT

Asn

Asn

Ile

Leu

AGT
Ser

Lys

AAT
AsSn

Gln

TCA
Ser

ccc
Pro

ACC
Thr

TTA
Leu

TTA
Leu

GGC
Gly

Gln

AAG
Lys

Lys

Gln

TTA

Leu

Glu

1650
ACA ATA
Thr Ile

1710
TCT CCT
Ser Pro

1770
TCC ACC
Ser Thr

1830
GGA ATT
Gly Ile

1880
CAA AAA
Gln Lys

19850
GCA TTA
Ala Leu

2010
GGA GIG
Gly Val

2070
TCT ATA
Sexr Ile

2130
GAA AAA
Glu Lys

2150
ACA GTT
Thr Val

2230
GTA GAT
val Asp

23310
GAA CAJA
Glu Gln

2370
GCA ATG
Ala Met

2430
ATG ATT
Met Ile

2490
ATG CAG
Met Gln

2550
TCA AAA
Ser Lys

Glu

ACA

Lys

TTA
Leu

ACT
Thr

AAC
Asn

Val

GCA
Ala

AGA
Arg

Asn

GCA
Ala

ATT
Ile

ATA
Tle

AAC
Asn

TAT

Ile
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ATA
Ile

ACT

ATA
Ile

TIC
Phe

ACT

ATIT
Ile

TTA
Leu

Glu

TAT

ACG
Thr

ATA
Iie

GCC
Ala

AAC
Aon

Glu

ATA
Ile

AARC
Asn

CAT
His

CTA
Leu

TAT

TTA
Leu

ATT
Ile

GTA
Val

TTA
Leu

AGT
Ser

Glu

Gln

Lys

GAC
Asp

ATA
Ile

GCT

Ala

Lys

Lys

AAT
Asn

Glo

TCA
Ser

CAG
Glzn

GAT
Asp

Lys

TTA
Leu

AGC

Ser

Lys

TTC
Phe

Lys

Glu

Asn

Lys

GCA

ATIT
Ile

AGA
Axg

TAT

TGG
Txp

Lys

Gln

Glu

ACA

Gln

ATA
Ile

Ile

Ile

AAG
Lys

AAT

Ala_Asn

, e
GTT TTT TCA

ATA
Ile

Phe

GIG
Val

Ile

GGC
Gly

TAT

Gln

ATIT
Ile

Lys

ATA
Ile

AAT
Asn

Phe

CAG
Gln

cT
Ser

Val Phe Sexr

GAC
Asp

ACT
Thr

CCA
Pro

AGA
Arg

TCA
Sex

TAT

ATT
Ile

Lys

Glu

AGA
Arg

GAC

AAT
Asn

ATG
Meat

TTA
Leu

Lys

ACA
Thxr

Asn

ATG
Met

TCT
Ser

GAT
Asp

GAT
Asp

GAG
Glu

CCA
Pro

Glu

GTA
Val

AGT
Ser

TAT

CTG
Leu

AGG

TTA
Leu

Pha

CCA
Pro

1680
ACA ATA
Thr Ile

I740
ACT AAT
Thr Asn

1800
GTA ATC
Val Ile

1860
ATA ATT
Ile Ile

1820
GTA TCC
Val Ser

1380
GGA AAC
Gly Asn

2040
GAA ATT
Glu Ile

2100
AAG ATA
Lys Ile

2160
TAT ARA

Tyr Lys

2220
TAT CAA

Tyr Gln

22890
GAA TAT

Glu Tyr

2340
AAR AAC
Lys Asn

2400
GARA AGT
Glu Ser

2460
GAG TTT
Glu Phe

2520
ATA GGT
Ile Gly

2580
ATT CCA
Ile Pro



Phe

TTA
Leu

Gly

Lys

Ile

val

Lys

ATA
Ile

Leu

cCT
Pro

Gln

Lys

TCT
Ser

Lys

Phe

GCA
Ala

Glu

TCT
Ser

Lys

TGG

Lys

TCT
Ser

GGA
Gly

Gln

Glu

TTA
Leu

TTG
Leu

TIG
Leu

TAT

Lys

Asn

ATA
Ile

Ala

HEis

ACT
Thr

Phe

-
-

Sear

GCT
Ala

:
X

Lys

i §8
1AL

BE

Sex
864

AGT
Sex

TCA
Ser

CAT
His

Asn

AGT
Sex

AGT
Sex

TTA
Leu

§
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v PAPAIN
TCT AAA AAT CTG

Lys
865

ACA
Thr

TCT
Sexr

TTA
Leu

GAT

Asp

Hig

Leu

T

H
=
[

Asn

ATT
Ile

GTA
Val

GTA
Val

ATG
Met

Leu

TCA
Ser

GAT
Asp

TAT

TTG
Leu

GAG
Glu

ATT
Ile

TAT
Iyr

Leu

TTA
Leu

ATA
Ile

AARC
Asn

Phe

GAA
Glu

ATA
Ile

TCC
Ser

TTA
Leu

AGT
Ser

GAT
Asp

AAT
Asn

Asn

Gln

Gly

GCG

GCA
Ala

ATA
Ile

AAT
Asn

AAR
Lys

TAT
Ty=z

2610
IGT TGG
Cys Trp

2670
TTA GAT
Leu Asp

2730
TAT CCA

Tyxr Pro

2790
GAA TCT
Glu Ser

2850
ART TIT
Asn FPhe

2910
TAT GGC
Iyr Gly

2970
TCT GGT
Ser Gly

3030
GGA GAA
Gly Glu

3090
AAT AAA
Asn Lys

3150
AAT GGA
Asn Gly

3210
AAT ATA
Asn Ile

3270
TIT AGG
Phe Arg

3330
TTA TCT
Lau Ser

3350

GMA_TAT TAT TTA
Giu Tyr Tyr Leu

3450

GAT TAT ATG TAT
Asp Tyr Met Tyr

3510

Val

ATIT
Ile

GAT
Asp

TCT
Ser

ACC

ACA

GG

val

TGG
Trp

GTA
val

ACA

ATA
Ile

ATA
Ile

ATA
Ile

TIG
Leu

AGA AGG TTA TAT AAT
Arg Arg Leu Tyr Asn
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GAT
Asp

AAT
Asn

GCT
Ala

Glu

Val

AGT
Ser

TTA
Leu

Phe

ACC
Thr

CCA
Pro

ACA
Thr

GGA
Gly

AAT
Asn

AAT
Asn

Gln

val

AGC
Ser

GAG
Glu

GTA
Val

Gln

Phe

ATG
Mat

Lys

TGC
Cys

TIT
Phe

Val

Asn

CTA
Leu

Glu

GAT
Asp

TI6
Leaeu

ATA
Ile

Phe

TAT

TCA
Sear

ATA
Ile

ATA
Ile

GGA
Gly

CTA
Leau

Lys

TTA
Leu

GCT

Ala

Ala

Lys

Glu

ATT
Ile

GTIG
val

GIG
Val

TGG
Trp

TCA
Ser

Leu

ACT
Thr

ACT
Thr

AGT
Ser

GAT
Asp

GCA
Ala

AGA
Arg

TCT
Serx

CCA
Pro

Phe

GAT
Asp

ATA
Ile

ccC
Pro

CAT
His

TG
Leu

ATA
Ile

Lys

Phe

ATT
Ile

GCA
Ala

AGA
Axg

TTA
Leu

GAC
Asp

AGT
Ser

TCG
Ser

Ile

ATA
Ilea

TCA
Ser

GGA
Gly

Lys

AGG
Arg

Ile

GGT
Gly

AGG
Axg

ACT
Thr

Glu

6T
Cya

AAT
Asn

TTC
Phe

TCT
Sex

TAT

ATA
Ile

GAT
Asp

GAT
Asp

ATA
Ile

GCT

Val

AGC
Ser

AAT
Asn

GAT
Asp

ABn

ATT
Xle

AAT
Asn

CCA
Pro

TGG
Trp

Lys

ACT

Thr

Lys

2640

GTT ATA
Val Ile

2700
ATA TCT
Ile Ser

2760
AAT GGC
Asn Gly

2820
ATG GAT
Met. Asp

2880
CCT AAA
Pro Lya

2940
TCT ATG
Ser Mat

3000
ARC TTA
Asn Leu

3060
TTA CCT
Leu Preo

3120
GAT AGA
Asp Arg

3180
ACT GGT
Thr Gly

3240
AAT AAT
Asn Asn

3300
AAN GAG
Lys Glu

3360
GGA AAC
Gly Asn

3420
GAT GTIT
Asp Val

3480
AAC GGA
Asn Gly

3540
AGA TAT

Arg Tyr



it

ACA

TCA
Ser

Leu

Glu

Lys

AGG
Arg

TGT
Cys

CCT
Pro

TAT

GAT
Asp

GCA
Ala

AAT
ABn

Asp

AAT
Asn

AAC
Asn

Azg

GTA
val

GCA
Ala

ATA
Ile

AAT
Asn

AAT
Asn

ATT
Ile

Lys

TCT
Ser

ITA
Leu

Glu

AAT
Asn

CTA
Leu

TTG
Leu

TTA
Leu

Ile

TIGG TAC
Asp Trp Tyx Phe

ATA
Ile

GAG
Glu

AGA
Arg

CGT
Arg

GGA
Gly

GCR
Ala

GTA
Val

L)

GAT
Asp

CAC
His

GTA
Val

Asp

CTA
Leu

AGC
Ser

ccT
Pro

TCT
Sex

ATT
Ile

Gly

TTA
Leu

GTIA
Val

AAC
Asn

3570
TTT GTIT
Pha Val

3630
GTA GGT
Val Gly

3650
TAT AAT

Tyr Asn

3750
AAA ACC
Lys Thr

3810
GGT ACC
Gly Thr

3870
TGG TAC

Lys

TAT

GCC
Ala

TAT
Tyr

CAT
His

TTT

Trp Tyr Phe

TCA
Ser

cce
Pro

CCA
Pro

TCT
Ser

AAT

Asn

AAT
Asn

Gly

Lys

Gly

GIA
Val

GGT
Gly

CAT
His

GAT
Asp

GAT
Asp

ATC
Ile

CAA
Gln

CAR
Gln

TTA
Leu

TTT
Phe

GGA
Gly

cCT
Pro

Leu

ATA
Ile

AR

ATT
Ile

Asn

Leu

Lys

GGC
Gly

GAT

3530
GAT GAA GGA TGG ACA AAT
Asp Glu Gly Trp Thx Asn

LT

l44

Lys Asp
3948
Asp End

'

i

Lys

GCC
Ala

TAT

TTA
aen

Leu

Phe

Lys

TAT

3600
TAT GTA

Tyr val

3660
AAT AAT
Agn Asn

3720
AAA ATG
Lys Met

3780
GAT GAT
Asp ASp

3840

Pro Asn

o
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APPENDIX II

Determination of protein concentration of tetanus toxin by the
BIO-RAD PROTEIN ASSAY
1.0 Introduction
The Protein concentration of the sample of tetanus toxin
used for immunization was determined using the BIO-RAD Protein
Assay. The BIO-RAD Protein Assay is based on the observation
that the absorbance maximum for an acidic solution of
Coomassie Brilliant Blue G-250 shifts from 465 nm to 595 nm
when binding to protein occurs. The extinction coefficient of
a dye albumin complex solution is constant over a 10-fold
concentration range. Thus Beex’s Law may be applied for
accurate quantitation of protein by selecting an appropriate
ratio of dye volume to sample concentration.
2.0 Sample
Tetanus Toxin Lot No TT-1, Connaught laboratories, kept
in 1:10,000 Merthiolate, 382 ml.
3.0 Reagents
Bio-Rad Dye Reagent Concentrate, Catalog 500-006
Albumin, Bovine (BSA), Sigma No. A-2153.
4.0 Method
4.1 A solution of 10 mg/100 ml H,0 of Bovine Serum Albumin
was used to prepare a standard curve, of 0D, Vs protein
concentration. The concentration of the sample was
extrapolated f£rom the standard curve.
4.2 lStandard Curve: Slope=0.013942, Intercept=0.067

Sample: 19.08 pg, Analysed 50ul therefore 0.382 mg/ml.
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