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Abstract

Lactoferrin 1s an 80 kDa glycoprotein with two lobes, each of which bind a single iron
atom. Originally 1solated from milk, lactoferrin has since been identified in a variety
of exocrine secretions and in the secretorv granules of neutrophils. A number of
functions have been proposed for lactoferrin. some of which are related to the
capacity of the protein to bind iron tightlv but reversibly. The proposed functions
include 1ron transport in the gut, antimicrobial activity and modulation of the activity

of the immune system.

The synthesis of lactoferrin in the mammary gland is developmentally regulated with
changes in protein concentration in milk being correlated with changes in lactoferrin
mRNA in mammary tissue. Most species studies have identified high levels of
lactoferrin during involution and late pregnancy into early lactation. The amounts of
lactoferrin during the lactational phase are much lower, especially in bovine milk.
The regulation of bovine lactoferrin expression was studied in the belief that
knowledge of the factors influencing expression will provide insight into the function

of lactoferrin in the mammary gland.

A 2.5 kb fragment of bovine genomic DNA. including the region immediately
upstream of the transcription start point, has been subcloned into luciferase reporter
gene vectors. The 2.5 kb fragment has been sequenced and a number of putative
response elements identified. Promoter activity was tested by transient expression in
the human endometrial carcinoma cell line RL 95-2. 5'- and 3'- deletion analysis of
the promoter was used to establish regions which confer transcriptional regulation and

the minimal promoter region.

A recent report on the sequence of the cDNA for caprine (goat) lactoferrin suggests
that the transcription start point for the mRNA for this protein may be further
upstream than that reported for the mRNA of bovine lactoferrin. In view of the high
level of sequence identity between the two cDNA’s in this region an attempt was
made to reinvestigate the transcriptional start point for bovine lactoferrin using DNA

footprinting.



AP-1

bp

B-Gal
BRL

BSA

CAP

CAT
COUP-TF

Da
DES
DMEM
DMSO
DNA
DNAse
dNTP
DTT
EDTA
EGE
ERE
ERM
FCS
IL-6
IL-8

kb

kDa
MGF
mRNA
NF-IL 6
NF-IL 8

Abbreviations

activator protein 1

base pair

beta galactosidase

Bethesda research laboratories
bovine serum albumin

calf alkaline phosphatase
chloramphenicol acetyl transferase
chicken ovalbumin upstream promoter-transcription
factor

Dalton

diethlstilbestrol

Dulbecco’s modification of Eagle’s medium
dimethyl sulphoxide

deoxyribose nucleic acid
deoxyribonuclease
deoxyribonucleotide triphosphate
dithiothreitol

ethylene diamine tetra-acetate
epidermal Growth Factor

estrogen response element
estrogen response module

foetal Calf Serum

interleukin 6

interleukin 8

kilobase

kilo Dalton

mammary gland factor

messenger RNA

nuclear factor interleukin 6

nuclear factor interleukin 8



NF-xB
nt
Oct-1
OD
ONPG
PBS
PCR

RNase
SDS
STAT
TAE
TBE
TBP
TE
tRNA

i

nuclear factor kappa B
nucleotide

octamer transcription factor-1
optical density
o-nitrophenyl-f3-galactoside
phosphate buffered saline
polymerase Chain Reaction
ribose nucleic acid
ribonuclease

sodium dodecylsulphate
signal transducer and activator of transcription
Tnis acetate EDTA

Tris borate EDTA
TATA-box binding protein
Tris EDTA

transfer ribose nucleic acid
untranslated region

ultraviolet



Table 1

Table 2
Table 3
Table 4
Table 5
Table 6
Table 7(a)
Table 7(b)

List of Tables

Comparison of the Lactoferrin Levels in the

Mammary Gland at Different Stages in the Lactation
Cycle in Humans and Cattle (Schanbacher ez a/., 1993)
PCR Reaction Components

Transfection Reaction Components

Promoter Fragments Used in Deletion Analvsis

5" Deletion Mutant Activity

Short Construct 3" Deletion Mutant Activity

Long Construct 3" Deletion Mutant Activity

Short Construct 3’ Deletion Mutant Activity

Page



Figure 1
Figure 2

Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15

Figure 16
Figure 17

Figure 18

List of Figures

The Lactation Cycle

Lactoferrin and ag;-Casein Expression Throughout the
Lactation Cycle (Schanbacher er a/.. 1993)

Northern Hybridisation of Major Milk Proteins and
Lactoferrin (Schanbacher ez a/., 1993)

PCR Reaction Profile

Outline of Transfection Procedure

Promoter Fragments Used to Prepare Reporter Gene
Constructs

Schematic Diagram of the Long and Short Reporter
Gene Constructs

PCR Product Analysis

Schematic Diagram of the Sequencing Strategy Utilised
in the Single Stranded Sequencing of the 565 bp Short
Construct

Diagram Demonstrating Distances Between Bovine
Lactoferrin Promoter Elements and Reporter Gene Elements
Analysis of Vector Preparation

PCR Product Analysis

Quantitation Gel

Outline of the Strategy Used to Create the BL510 3’ Deletion
Mutant

Diagnostic Digest Results for BL510 Transformants
PCR Product Analysis

Outline of the Strategy Used to Create the BLfmin and
BPmin 3’ Deletion Mutants of the 2499 bp Promoter
Fragment

Identification of Positive Clones for BL2444 and
BP2464 Mutants

Page

43

44



Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25

Figure 26

Figure 27

Figure 28

Figure 29

Figure 30

Figure 31

Figure 32

Figure 33

Figure 34
Figure 35
Figure 36

Maxiprep DNA analysis of BP530 3’ Deletion Construct
Strategy for the Construction of BP530 3’ Deletion Mutant
Relative Activity of 5’ Deletion Mutants

Putative cis-acting Factors in the Deletion Mutants
Relative Activity of Short Construct 3" Deletion Mutants
Relative Activity of Long Construct 3" Deletion Mutants
Relative Activity of 3" Deletion Mutants

Schematic Diagram of the 2499 bp Long and 565 bp
Constructs with BLfmin and BPmin 3'Deletion Mutants
Sequence Homology at the Transcription Initiation Site
of Lactoferrin

Alignment of Bovine Genomic DNA and Caprine cDNA
PCR Product for DNA Footprinting

Strategy for Template Preparation for use in Footprinting
Experiments

This is a summary of the transient transfection results of
the 5” deletion mutants

This 1s a summary of the effects that regions of bovine
lactoferrin sequence, removed to make the BLfmin

and BPmin reporter gene constructs, have on transcriptional
activity

Nucleotide Sequence of the Bovine Lactoferrin Promoter
2.8 kb Genomic Clone Showing Primer Annealing Sites
Used for Cloning and Sequencing

Primer Sequences Synthesised for Use in this Study
pGL2-Enhancer Vector Map

pGL2 Vector Multiple Cloning Region

Page

56
59
39
61

62

67

71

89
92
93
93



Table of Contents

Abstract
Abbreviations
List of Tables

List of Figures

Chapter One: Introduction

1.1 Lactoferrin

1.2 Lactoferrin Expression in the Mouse

1.3 Lactoferrin Expression in Humans

1.4 Regulation of Lactoferrin in the Mammary Gland
The Lactation Cycle
Regulation of Lactoferrin in the Mammary Gland

1.5 Bovine Lactoferrin

Progesterone
Interleukin-6

The Function of Bovine Lactoferrin in the Mammary Gland

1.6 Aims and Justification of Project

Chapter Two: Materials and Methods

2.1 Materials and Reagents
Bacterial Cell Line:
Tissue Culture Cell Line:
Plasmid DNA:

2.2 Methods

2.2.1 Bacterial Cell Culture
Maintenance of Cells
Preparation of Competent Cells
Transformation Methods

2.2.2 Preparation of DNA

vii

17

17
19
19
19

19
19
19
20
20

20



Page

Small Scale Preparations 20

Large Scale Preparations 20
Analysis of DNA Preparations 21

2.2.3 Manipulation of DNA 21
Restriction Digest of DNA 21
Agarose Gel Electrophoresis 21
Cloning of DNA Fragments 22

2.2 .4 Polymerisation Chain Reaction (PCR) 22
2.2.5 Sequencing of DNA 23
2.2.6 Maintenance of Tissue Culture Cells 23
Passage of Cells 24
Preparation of Frozen Stocks 24

2.2.7 Transient Transfection Procedure 25
2.2.8 Reporter Gene Assays 26
2.2.9 DNA Footprinting Experiments 26
Preparation of a Radiolabelled Template for Footprinting Experiments 26
DNAse [ Titration Reactions 27
Chapter Three: Results 28
3.1 Preparation and Analysis of Reporter Gene Constructs 28
3.1.1 Introduction 28
3.1.2 Preparation of Reporter Gene Constructs 30
Introduction 30
Sequencing the Short, 565 bp, Construct 30

3.1.3 Construction of the BL510 3" Deletion Mutant 33
Introduction 33

Vector DNA Preparation for the BL510 Construct 33

Insert Preparation for the BL510 Construct 35

3.1.4 Construction of BL2444 and BP2464 3" Deletion Mutants 41
Introduction 41
Preparation of Inserts for BL2444 and BP2464 Constructs 41
Preparation of Vector for BL2444 and BP2464 Constructs 41

3.1.5 Construction of the BP530 3’ Deletion Mutant 42



X

Page

3.1.6 Preparation of 5’ Deletion Mutants 47
The 1855 bp 57 Deletion Mutant 47
The 1444 bp 5’ Deletion Mutant 47
The 1285 bp and 321 bp 5’ Deletion Mutants 47

3.2 The In Vitro Functional Analysis of Lactoferrin Promoter Deletion Mutants 49
3.2.1 Introduction 49
3.2.2 Optimisation of Transfection Procedure 49
3.2.3 Examination of the 5’ Deletion Mutants of the Bovine Lactoferrin Promoter 50

3.2.4 Examination of the 3’ Deletion Mutants of the Bovine Lactoferrin Promoter 52

Short Construct 3’ Deletion Mutants 52
Long Construct 3’ Deletion Mutants 54
Comparison of 3’ Deletion Mutants 55
3.3 Identification of TBP Binding Site 57
3.3.1 Introduction 57
3.3.2 DNA Footprinting 60
Chapter Four: Discussion & Conclusions 63
4.1 Introduction 63
4.2 Promoter Construct Sequence Analysis 64
4.3 Deletion Analysis 64
4.4 Preparation of 3’ Deletion Mutants 65
4.5 Transient Transfection of Reporter Gene Constructs 66
4.6 Analysis of Deletion Mutants 66
5’Deletion Mutants 66
3’ Deletion Mutants 69
4.7 DNAse I Footprinting 73

4.8 Final Discussion and Conclusion 74



4.9 Future Directions

Clarification of Minimal Promoter Region

Transcription factor Binding Sites

Specific Transcription Factors
Progesterone:
Interleukin-6:

Transcription Initiation Site

mRNA Stability

Physiclogical System

4.10 Summary
References

Appendix

Page

76
76
76
17
TF
77
78
79
79

79
81

&9



