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Abstract

Insulin-like growth factors 1 and 2 (IGF1 and IGF2) are small mitogenic peptides. IGF1
is mainly expressed in adult life, whereas IGF2 is one of the most ubiquitous growth
factors in the mammalian embryo, where it plays an important role in the regulation of
fetal growth. The encoding genes have been characterised in a number of species and show
a complex structural organisation and regulation of expression. Furthermore, IGF2 it is
subject to epigenetic modification and genomic imprinting.

The present study aimed at the basic structural and functional characterisation of the equine
IGF1 and IGF2 genes.

cDNAs for both equine IGF1 and IGF2 were cloned and showed high sequence homology
when compared to other species. Even more conserved is the deduced amino acid sequence
of both peptides. The equine IGF2 gene was cloned and characterised. Sequence
comparison revealed three non-coding leader exons and three coding exons. Downstream of
the polyadenylation site a dinucleotide repeat sequence was identified. A novel structural
element, an inverted repeat, is predicted. It is conserved between species and located in a
region which is differentially methylated in the human and mouse genes and possibly
involved in the imprinting mechanism. The inverted repeat acquires a stem-loop structure
with a hybrid A/B-DNA conformation in the stem area and binds a specific, methylation
sensitive protein which is developmentally regulated.

A number of transcripts were detected for both equine IGF1 and IGF2 genes. In the IGF2
gene, two promoters (P2 and P3) were shown to be active in fetal tissues and one
promoter (P3) was found to be active in adult tissues. This represents a transcriptional
pattern different from that in humans or rodents. Furthermore, IGF2 transcripts were
located at tissue level using in situ hybridisation.

The equine IGF2 gene was physically mapped to ECA 12q13 and homoeology of this
chromosome to HSA11 was revealed.

Key words: insulin-like growth factor, equine, cloning, transcription, physical
localisation, stem-loop, imprinting
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Abstract

Otte, K. 1997. The equine IGF genes. Structural and transcriptional features.
Doctor’s dissertation.
ISSN 1401-6257, ISBN 91-576-5418-2

Insulin-like growth factors 1 and 2 (IGF1 and IGF2) are small mitogenic peptides. IGF1
is mainly expressed in adult life, whereas IGF2 is one of the most ubiquitous growth
factors in the mammalian embryo, where it plays an important role in the regulation of
fetal growth. The encoding genes have been characterised in a number of species and show
a complex structural organisation and regulation of expression. Furthermore, IGF2 it is
subject to epigenetic modification and genomic imprinting.

The present study aimed at the basic structural and functional characterisation of the equine
IGF1 and IGF2 genes.

c¢DNAs for both equine IGF1 and IGF2 were cloned and showed high sequence homology
when compared to other species. Even more conserved is the deduced amino acid sequence
of both peptides.

The equine IGF2 gene was cloned and characterised. Sequence comparison revealed three
non-coding leader exons and three coding exons. Downstream of the polyadenylation site a
dinucleotide repeat sequence was identified. A novel structural element, an inverted repeat,
is predicted. It is conserved between species and located in a region which is differentially
methylated in the human and mouse genes and possibly involved in the imprinting
mechanism. The inverted repeat acquires a stem-loop structure with a hybrid A/B-DNA
conformation in the stem area and binds a specific, methylation sensitive protein which is
developmentally regulated.

A number of transcripts were detected for both equine IGF1 and IGF2 genes. In the IGF2
gene, two promoters (P2 and P3) were shown to be active in fetal tissues and one
promoter (P3) was found to be active in adult tissues. This represents a transcriptional
pattern different from that in humans or rodents. Furthermore, IGF2 transcripts were
located at tissue level using in situ hybridisation.

The equine IGF2 gene was physically mapped to ECA 12q13 and homoeology of this
chromosome to HSA11 was revealed.
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Abbreviations

bp
BTA
BWS
CD
CBP
C/EBP
CNS
DAPI
Dig
DNA
ECA
EAS
FISH
GH
GRE
HMG
HBB
HRAS
HSA
IDDM?2
IGF
IGF2/Mpr
IGFBP
INS
kb
LAP
LQT1
MEU
MMU
mRNA
mRNP
NMR
OAR
PFGE
PCR
RNA
RNase
RT-PCR
SP

TH
UTR
WT-1

base pair

Bos taurus

Beckwith-Wiedemann syndrome
circular dichroism

cruciform binding protein
CAAT/enhancer binding protein
central nervous system

4’ ,6-diamidino-2-phenylindole
digoxigenin

deoxyribonucleic acid

Equus caballus

Equus asinus

flourescent insitu hybridisation
growth hormone

glucocorticoid responsive element
high mobility group

haemoglobin 3

V-Ha-ras Harvey rat sarcoma viral oncogene homologue
Homo sapiens

insulin-dependent diabetes mellitus
insulin-like growth factor
IGF2/cation-independent mannose-6 phosphate receptor
IGF binding protein

insulin

kilo base

liver-enriched activating protein
Long QT syndrome, Ward-Romano syndrome
Macropus eugenii

Mus musculus

messenger RNA

messenger ribonucleoprotein particle
nuclear magnetic resonance

Ovis aries

pulse field gel electrophoresis
polymerase chain reaction
ribonucleic acid

ribonuclease

reverse transcription PCR

signal peptide

tyrosine hydroxylase

untranslated region

Wilms” tumor suppressor gene 1



Introduction

The IGF system

The insulin-like growth factors IGF1 and IGF2 are members of a larger
family of structurally related peptides which include insulin, IGF1, IGF2 and
relaxin (Blundell and Humbel 1980, Dull et al 1984, Dafgérd et al 1985) (Fig
1). The IGFs were discovered 40 years ago as molecules mediating GH action
(Salmon and Daughaday 1957) and subsequent purification and amino acid
sequence determination revealed two separate molecules (Rinderknecht and
Humbel 1978a, Rinderknecht and Humbel 1978b).

Named after their high degree of homology with insulin, IGF1 and IGF2 are
single chain polypeptides and consist of 70 and 67 amino acids, respectively
(Daughaday and Rotwein 1989). Both mature peptides consist of four
domains (A, B, C, and D). The A, B and C domains share strong homology
with pro-insulin (Fig 1). Both IGFs are synthesised as precursors composed of
a signal peptide, the mature peptide, and a trailer peptide. In IGF1, several
signal and trailer peptides combine to make up different precursors. These are
posttranslationally processed to yield identical mature peptides.

NMR solution structures have been determined for human IGF1 and IGF2
and predict structures similar to insulin, in accordance with earlier computer
graphic modelling studies (Blundell et al 1978, Dafgérd et al 1985, Cooke et
al 1991, Sato et al 1992, 1993, Terasawa et al 1994, Torres et al 1995).

Insulin

IGF1

IGF2

Relaxin

Fig 1. Structure of the members of the insulin peptide family. These proteins share
structural similarities in the SP, A-, B-, C-, and D-domains as well as the E-peptides.
Different domains in the proteins are indicated as boxes. Full size boxes indicate the
mature peptide, while half size boxes indicate posttranslational removed domains. IGF1 is
shown with the Ea peptide.






