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Abstract

ABSTRACT

Ovine placental lactogen (oPL) is secreted by the placenta into both the fetal and

maternal compartments. Its biological function(s) during pregnancy and the mechanisms

involved are still unclear.

A purification procedure was developed for oPL from sheep placental cotyledons of late

gestation. Four procedures were attempted to obtain homogeneous oPL. Recoveries of

op1- and total protein were measured throughout the several procedures using a specific

op1- RIA and the Bradford protein estimation respectively. The third and fourth

procedures resulted in homogeneous oPL and a partial amino acid sequence was

obtained from the fourth procedure. In the successful procedures, the placental tissue was

extracted with 0.1 M ammonium bicarbonate pH 8.5. A pH precipitation of the soluble

fraction was performed, followed by 60Vo saturation with ammonium sulphate. Further

separation steps involved chromatogaphic procedures. Carborymethylcellulose (CM32)

cation exchange was performed batchwise at pH 5.6. Subsequently chromatofocusing was

performed to elute proteins in order of their isoelectric points. This was carried out using

a pH gadient of 0.9 to 6.0. The final chromatographic step was reverse-phase high

performance liquid chromatography (RP-I{PLC) using a C4 column' To obtain

homogeneous op1- in the third procedure, the partial$ purified oPL was subjected to

SDS polyacrylamide gel electrophoresis and the separated proteins were transferred to

nitrocellulose membrane. The homogeneous oPL was eluted from the membrane,

howevero sequencing was unsuccessful. It was assumed that the N terminal of oPL was

blocked. Homogeneous oPL was obtained in the fourth procedure by electrophoretic

elution from the Hunkapiller gel system performed at 4oC. The oPL was digested with

trypsin, the fragments were separated by RP-HPLC chromatography and nro peptides

were sequenced.

Peptidel:FDEQYGQGI
Peptide2zYlNCHT
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Several strategies were attempted to provide more homogeneous oPL to enable more

sequencing.The partiaUy purified oPLfractions from each of these attempts were pooled

and electrophoresed on an SDS polyacrylamide gel. The section of acrylamide containing

the oPL band was homogenised and a trypsin digest was performed. The digested oPL

was separated from the gel pieces, filtered through a Sep-Pak filter and the fragments

were separatedby RP-HPLC. The yield of oPlwas low, but sufficient homogeneous oPL

was obtained to provide a partial amino acid sequence from tryptic Peptides. A further

two peptides provided sequences.

Peptide 3: (L) A G E M V N R F D E Q Y G Q G I

Peptide a: (L) Q P G K C Q I P L Q S LF

Collaborators from Genentech Inc (San Francisco USA) used partially purified oPL

produced from the present study and also obtained homogeneous oPL (Colosi et al.'

1989). Complementary DNA clones of oPL were isolated and expressed in alnmmalisrl

cells by recombinant DNA techniques (Colosi et al., 1989). These clones were sequenced,

demonstrating that the full sequence of oPL consists of 198 amino acids preceded by a

38 amino acid sequence signal.

Recombinant oPL was generated by Colosi et al. (1989) which provided sufficient

material to perform physiological studies invivo.The somatogenic effects of recombinant

oPL were investigated in the growth hormone (GH) deficient dwarf rat and compared

to identical doses of recombinant bovine GH (bGH) i" 3 independent studies. Both oPL

and bGH treaments resulted in an increase (p<0.05) in body weight gain compared to

that in saline treated controls, with oPL treatment being more potent than bGH

(p<0.05). In promoting linear growth, oPlwas more potent (p<0.05) than bGH in some

instances. Nitrogen content of dry carcass matter was increased with oPL treatment

compared to saline (p<0.05), with a nonsignificant increase in bGH treated animals.

Carcass fat was similarly reduced by both oPL and bGH treatment (p<0.05) compared

to saline. Serum insulin-like growth factor I (IGF-I) concentrations were increased

significantly (p<0.05) by both oPL and bGH treatments, with a significantly greater effect

of oPL suggested in one study. No increase in hepatic IGF-I mRNA was evident with
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either treatment, suggesting that the increase in senrm IGF-I is due to posttranscriptional

mechanisms. The expression of IGF binding protein 3 (IGFBP-3) hepatic mRNA was

increased (p<0.05) withbGH treatment compared to that after saline treatment, butwas

unaffected by op1- treatment, indicating regulation by GH at the transcriptional level'

The binding of fsqUCU to hepatic membrane preparations demonstrated no difference

in specific binding compared to that in saline controls. However, fr4oft specific

binding was greater in oPL treated animals (p<0.05). Animals treated with bGH had

reduced (p<0.05) hepatic GH receptor nRNA compared to saline controls, but oPL

treatment had no effect. Thus, oPL is a potent anabolic and lipolytic agent in the dwarf

rat, exerting greater somatogenic effects on some parameters than bGH'

The studies in this thesis have described biochemical and biological characterisitics of

opl. The amino acid sequence of oPL is more closely related to prolactin (PRL) than

to GH (Colosi et al., 1989). However, oPL has potent somatogenic activities in the GH

deficient dwarf rat. Our data suggest differences in receptor binding and effects on GH

receptor and IGFBp-3 expression with these tq/o treatments, raising the possibility of

actions through different pathways or differential effects at the GH receptor level' These

results do not fully resolve whether GH and PRL exert all effects through a single

receptor or whether there is a separate PL receptor'



Abstract

I wish to thank Professor Peter Gluckman' my supervisor for help and guidance

throughout the course of this thesis. I wish to give a very special thanla to Dr' Ross

Prestidge, from the Department of Molecular Medicine, for his close supervision and

constant helpful advice in the successful purification and partial sequencing of oPL'

Special and grateful thanks also go to Dr. Nicolin Klempt, Dr' Martin Klempt and Dr'

Steve Skinner for their patience, encouragement and useful criticism throughout the

preparation of this thesis. I would also like to give a special thanks to Dr' Geoff Ambler

for his close collaborative help in the animal study, helping with the treatment of animals

and performing the radio-receptor analysis, and thanks to both Dr' Martin Klempt and

Dr. Geoff Ambler for providing useful criticism in the preparation of the publication

resulting from this work.

I would like to thank Dr. Alistair Gunn for his considerable helpful advice for the

statistical analysis; Dr. Roger Booth and Dr. Arie Geursen for advice in the preparation

of probes; Dr. Jenny cattermole for advice on Northern blot procedures; Dr Bernhard

Breier for providing advice and help during the animal study; Christine Gibson for

performing the IGF-I assay; Phil Smith for his help during the animal study; Dr' Stuart

McCutcheon for the carcass composition analysis; and Dr. David Christie for performing

the sequencing work.

I would also like to thank Professor Peter Ronvein from Washington University, St Louis,

for his supervision and guidance in teaching the RNA extraction methodologr in his

laboratory.

This research was funded by the Auckland Medical Research Foundation and the Health

Research Council of NZ.

4



Contents

Table of contents

Abstract

Acknowledgements

Table of contents

List of figures

List of tables

Abbreviations

1: Introduction L3

1.1 Biochemical and biological characterisation of the GH and PRL family 13

1..1.1 Biochemical characterisation of GH and homology with

1

4

5

8

11

l2

PRL

1.1.2 GH and PRL recePtors

1.1.3 Regulation of GH secretion

1.1.4 Postnatal biological actions of GH

1".1..5 Postnatal biotogical actions of PRL

1.1.6 Fetal biological actions of GH and PRL

1.2 Biochemical and biological characterisation of PIs, in particular oPL

1.2.1 Biochemical characterisation and bioassay activities of Pls

1,.2.2 oPL RecePtors

1.2.3 Regulation of secretion of oPL

1.2.4 Biological actions of oPL

1.2.5 Fetal biological actions of oPL

1.3 Biochemical and biological actions of the IGF family

1.3.1 Biochemical characterisation of the IGF-I and IGF-II

1.3.2 IGF recePtors

1.3.3 Regulation of secretion of IGF-I

1..3.4 Postnatal biological actions of IGF'I

1.3.5 Fetal biological actions of IGFs

1.4 Scope of thesis

13

t4

19

20

2t

22

22

22

25

26

27

28

30

30

33

35

36

40

4L



6 Contents

2: Purification and characterisation of oPL

2.1 Inffoduction

2.2 Materials

2.3 Methods

2.3.1 Purification procedures for oPL

2.3.2 P rotein estimation

2.3.3 Polyacrylamide gel electrophoresis

2.3.4 Protein digests

2.3.5 PreciPitation of Proteins

2.3.6 Radiolabelling oPL

2.3.7 oPL radioimmunoassay

2.3.8 Radioreceptor assay

2.3.9 Biotinylation of sheep antirabbit gamma globulin

2.3.10 Western blot analYsis

2.4 Results

2.4.l Procedure 1

Z.4.ZProcedure 2

2.4.3 Procedure 3

2.4.4 Procedure 4

2.5 Discussion

43

43

45

45

45

55

55

57

57

58

58

59

60

60

62

62

ffi
74

83

lD

3. The somatogenic activity of oPL in the growth

dwarf rat

3.1 Introduction

3.2 Materials

3.3 Methods

3.3.1 Animals

3.3.2 Preparation of hormones

3.3.3 Brperimental procedures

3.3.4 Preparation of total RNA

3.3.5 Purification of Poly(A)+ mRNA

hormone (GID deficient

NL

NL

Its

18

18

lts

12+

125

1E



Contents

3.3.6 Genomic and cDNA Probes

3.3.7 Growth of bacteria and amplification of the plasmid

3.3.8 Preparation of frozen competent bacteria

3.3.gTransformationofJM33cellswithplasmidDNA

3.3.10 Preparation of frozen stocks of transformed plasmid DNA

3.3.11 Plasmid isolation

3.3.L2 Restriction digestion analysis

3.3.|skolationofplasmidDNArestrictedfragments

3.3.L4 Random prime labelling of DNA probes

3.3. 15 Northern hYbridisation

3.3.16 Dot blot analYsis

3.3.17 Serum IGF-I measurement

3.3.18 Hepatic GH receptor measurement

3.3.19 Carcass comPosition

3.3.20 Statistical analYsis

3.4 Results

3.4.1 BodY weight gain

3.4.2 BodY length

3.4.3 BodY organs

3.4.4 C-arcass comPosition

3.4.5 Serum IGF-I

3.4.6 Hepatic IGF-I mRNA expression

3.4.? Hepatic IGFBP-3 mRNA analysis

3.4.8 Hepatic GH recePtor nRNA analysis

3.4.9 RadiorecePtor analYsis

3.5 Discussion

4. Discussion and future directions

Appendix Papers pubtished in the coulse of this thesis

References

Emata

7

r%

lX
1%

al
lzl
1B

130

ln
tll
131

tn
132

B3

133

r33

ly
R4

1%

138

138

139

140

t4l
t43

L6

t47

151

159

161

198



Figure

1

2

3

4

5

6

7

8

9

10

11a

1lb

LZa

lab

L3

L4

15

L6

t7

Figuru

List of frgures

Page

schematic comparison of the cytokineftaemopoietic receptors 15

Schematic representation of the rat GH receptor and the rat

semm GH binding Protein 77

Structure of the human IGF-I gene and nRNA species 30

Structure of the human IGF-II gene and mRNA species 32

Elution profile of Ultrogel AcA 54 size separation for
proceduie 1 63

Elution profile of cM 32 cation exchange chromatography for

proceduie 1 64

Elution profile of RP-HPLC chromatography for procedure 1 65

Elution profile of chromatofocusing chromatography for
proceduie 2 - 7L

SDS PAGE analysis of partially purified oPL after

chromatofocusing chromatography for procedure 2 72

Elution profile from chromatofocusing chromatography

proceduie 3 76

sDS PAGE analysis of oPL after chromatofocusing for
procedure 3 ' 77

Western blot analysis of oPL after chromatofocusing

chromatographY for Procedure 3

Elution profile of RP-HPLC chromatography using a C4

column (preliminary analYsis)

Elution profile obtained from RP-HPLC chromatography using

a C4 column

sDS PAGE analysis of fractions obtained from preliminary RP-

HPLC chromatography for procedure 3

Elution profile of chromatofocusing chromatography for
procedure 4

Elution profile obtained from RP-FIPLC chromatography using

a C4 column

SDS PAGE analysis of fractions obtained from RP-HPLC

chromatograPhY for Procedure 4

SDS PAGE analysis of oPL electro-eluted from an SDS

polyacrylamide gel (Procedure A)

78

81

81

82

85

86

87

88



Figures

18 SDS PAGE analysis of oPL electro-eluted from an SDS

polyacrylamide gel (Procedure B)

19a Elution profile of a blank run obtained ftom RP-HPLC
chromatography

19b Elution profile of tryptic digests of oPL obtained from RP-

HPLC chromatograPhY

20a-d Elution profile of several ftactions of partially purified oPL
obtained from a second RP-I{PLC chromatography step for
procedure 4

2l Elution profile of RP-HPLC chromatography for procedure 4

22 SDS PAGE analysis of fractions obtained from RP-HPLC
chromatography described in fig. 21

23a-c Elution profile of RP-HPLC chromatography of partially
purified oPL from figure 21

24 Elution profile of RP-HPLC chromatography of
chromatofocused material for procedure 4

25 SDS PAGE analysis of fractions obtained from RP-HPLC
chromatography described in figure 24

26 Elution profile of RP-HPLC chromatography following G-75

sephadex chromatography of partially purified oPL

27 SDS PAGE analysis of fractions obtained from RP-HPLC
chromatography described in figure 26

28a-b Elution profile of RP-HPLC chromatography of tryptic
peptides of homogeneous oPL (Sepak eluate 1)

29a-b Elution profile of RP-HPLC chromatography of tryptic digests

of Sepak nonbound and Sepak eluate 2 samples

30 Flow diagram of the chromatographic steps involved in the
purification of oPL reported by various groups

31 Amino acid sequence of oPL and alignment with sequences of
other members of the GFISRI/PL family

32 Sequence alignment in the hGH recePtor binding regions

33a The effect on body weight gain of dwarf rats after
subcutaneous injections of different doses of recombinant oPL
or recombinant bGH, and saline

33b The effect on body weight gain of dwarf rats after
subcutaneous injections of saline, recombinant oPL (a( 30

petday) or recombinant bGH (2x 30 pgday) for 10 days

90

93

93

95

96

97

99

100

102

t07

111

LL1

119

101

103

105

135

135



Figuru

The effect on body weight gain of dwarf rats after

subcutaneous in;ectionJof Jafine recombinant oPL (2:r 45

iyld"y) o, ,".o.binant bGH (?x 45 petday) for 10 days 135

The effect on N-A gfowth of dwarf rats after subcutaneous

in:"rti"rr of differeit doses of rec oPL or rec bGH, or saline L37

The effect on N-A growth of dwarf rats after subcutaneous

injections of rec ofl 1Z x 30 pglday) or rec bGH (2 x 30

psldil f"r 10 daYs 137

The effect on N-A growth of dwarf rats after subcutaneous

injections of rec ofl 1Z x 45 pglday) or rec bGH (2 x 45

t,elday) for 10 daYs I37

The effect on senrm IGF-I concentrations in dwarf rats after

subcutaneous injections of saline, recombinant oPL (2 x 30

pelday) or recombinant bGH (2x30 pelday) for 10 days 739

The effect on serum IGF-I concentrations of dwarf rats after

zubcutaneous injections of saline, recombinant oPL (2 x 45

pelday) or recombinant bGH (2x a5 pelday) for 10 days L39

Northern blot analysis of hepatic IGF-I mRNA expression in

dwarf rats after subcutaneous injections of saline, rec oPL (2 x

a5 p,glday) or rec bGH (2x 45l,glO"y) for 10 days 140

The effect on hepatic IGF-I mRNA expression inlitllit mice

after subcutaneous injections of saline or bGH (lpglg/day) for

10 days " l4L

Northern blot analysis of hepatic IGFBP-3 mRNA expression

in dwarf rats after iubcutanious injections of saline, rec oPL

(2 x 45 pelday) or rec bGH Q x ai Petday) for 10 days 142

Northern blot analysis of hepatic GH receptor mRNA

expression of dwa* rats aftei subcutaneous injections of saline,

rec oPL (?-x45pglday) or rec bGH Qxalpglday) for 10 days 143

The effect on hepatic GH receptor mRNA expression of dwarf

rats after subcutineous injections of rec oPL (2x 45 pglday) ot

i". UCff (2 x 45 pilday) ior 10 days 144

The effect on hepatic GH receptor mRNA expression of

Wistar rats starve d for 72 hours 145

Possible mechanisms by which human PL regulates maternal

and fetal metab;Usm and growth. 155

10

33c

34a

35b

34b

34c

35a

36

37

38

39

40

4l

42



Table

1

2

3

10

11

L2

13

6

7

9

Tables 11

List of tables

Page

Amino acid sequence homologies of GH and PRL species L4

Amino acid sequence homologies of members of the

GH/PRI/PI- tamity in compaison to rPLII 24

Recovery of oPL and total protein of initial purification steps

involvedin the preparation of ammonium sulphate

precipitation foi Procedure 2 67

pH optimisation of oPL and total protein binding to cation-

!*th"og" CM 32 resin 68

optimisation of protein capacity of cM 32 cation-exchange 69

resin

oPL and total protein recovered from cation-exchange

chromatography performed batchwise in procedure 2
70

Recovery of oPL and total protein from initial purification

steps involved in the preparation of ammonium sulphate

precipitation for Procedure 3

oPL and total protein recovered from cation-exchange

chromatograptry performed batchwise in procedure 3

Recovery of oPL and total protein from initial purification

steps involved in the preparation of ammonium sulphate

precipitation for Procedure 4

oPL and total protein recovered from cation-exchange

chromatography performed batchwise in procedure 4

Amino acid sequence of tryptic peptides

Amino acid sequences of digested PePtides described by

Colosi et al. (1039) and Warren et al. (1990b)

Body composition data of dwarf rats after subcutaneous

treaiment-of saline, recombinant oPL (?x45 pglday) or

recombinant bGH (2rc5 pglday) for 10 days

Receptor binding data of dwarf rats treated with saline,

,".oibinuot oPt (2x30 pgtday) or recombinant bGH (2x30

PSldaY)

University of A.u:!rl;n,J I il,-,;i
PH i i.SOi.I l.l ar i.j,..: i..'

SCil00L {1F i.' : r.i' ^'

PA:il( ii:'A!, .i._,,.

74

75

83

84

108

114

L4

138

t46



L2

Abbreviations

BisTris 2pis(2-hydroxyethyl)aminol-2-(hydro4roethyl)-propane-1,3-diol

bp Base-Pairs

BSA Bovine senrm albumin

cDNA ComPlementary DNA

CMC CarborymethYlcellulose

dCTP DeoxYcYtosine triPhosPhate

DEAE DiethYlaminoethYl

DNA DeoxYribonucleic acid

DTT Dithiothreitol

EDTA Diaminoethane tetra acetic acid

GH Growth hormone

HRP Horseradish Peroxidase

nRNA Messenger RNA

PAGE Polyacrylamide gel electrophoresis

PBS PhosPhate buffered saline

PL Placental lactogen

PMSF Phenylmethylsulphonyl fluoride

PRL Prolactin

RP-HPLC Reverse phase-high performance liquid chromatography

RNA Ribonucleic acid

SDS Sodium dodecYl sulPhate

TBS Tris buffered saline

TEMED NNN'N'-tetra-methyl-1, 2-diamino-ethane

TES 2-{12-hydrory-1,1-bis(hydrorymethyl)ethyllamino}ethanesulfonic acid

Tris (2-amino-2-hydroxymethyl) propane-l, 3-diol

Tween 20 Polyoryethylene sorbitan monolaurate

standard abbreviations are those accepted by the Biochemical Journal




