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O-GLYCOSYLATED IGF-1

Insulin-like growth factor (IGF-1) is a 70 amino acid

single polypeptide chain factor which displays

relatively-high homology with proinsulin. It is known to

have a mediating effect on the action of growth hormone

and also to display insulin-like properties. When

produced in nature by the human body it is

ung1ycosy1 ated .

IGF-1 has potential uses as a, pharmaceutical agent both 

in the treatment of pituitary dwarfism and also diabetes.

In the latter case it would be useful either as a 

replacement for insulin or as an adjunct to insulin. 

Although insulin is the traditional treatment for 

diabetes, type-2 diabetic have developed a resistance to 

insulin which means that even if very high doses of 

insulin are administered, the patients can still suffer 

from hyperglycaemia. Further, excessive doses of insulin 

can lead to undesirable side effects such as kidney 

complaints, obesity, and a disturbed water balance.

Although unglycosylated IGF-1 could be used as a

replacement or adjunct for insulin in an attempt to

overcome some of these problems, a high proportion of

unglycosylated IGF-1 tends to be sequestrated by specific

binding proteins circulating in the bloodstream and so
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relatively high doses of the IGF-1 need to be

administered for the desired pharmaceutical effect to be 

attained .

We have now discovered that expression of IGF-1 in yeast 

ceils results in the production, along with the normal 

ungiycosyiated form, of an O-glycosylated analogue of 

IGF-1, for example an analogue which carries two mannose 

residues on the Thr 29 amino acid of the polypeptide 

chain. Tests have shown that O-glycosylated IGF-1 has a 

reduced affinity for the binding proteins and that a 

desired reduction in blood sugar level can be achieved by 

a reduced dose of O-glycosylated IGF-1 as compared with 

the normal unglycosylated protein. This observed 

affinity to the binding protein will have a profound 

effect on the profile and dose dependency. The other 

effects, although not so pronounced are or importance in

the total clinical effect.

The expression "O-giycosylated IGF-1" embraces 0-

giycosylated molecules which comprise fragments of the 

wnole IGF-1 polypeptide sequence, provided that those 

fragments display qualitatively the growth-hormone 

mediating effect and/or insulin-like properties of IGF-

1 .

According to one aspect of the invention we therefore 

provide O-glycosylated IGF-1 essentially free from

ί
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unglycosylated IGF-1.

According to another aspect of the invention we provide 

O-glycosy1ated IGF-1 in which the glycosylation is at the 

Thr % amino acid of the polypeptide chain.

According to yet another aspect of the invention, we 

provide O-glycosylated IGF-1 in which the glycosylation 

comprises two or more mannose residues attached to the 

same threonine residue of the IGF-1 polypeptide chain.

According to a further aspect of the invention, we 

provide an O-glycosylated analogue of IGF-1 in which two

or more mannose residues are attached to the Thr amino

acid of the polypeptide chain.

According to a still further aspect of the invention, we 

provide a method of obtaining O-glycosylated IGF-1 by the 

expression of IGF-1 in yeast cells, and isolating 0- 

glycosylated IGF-1 from the medium. Preferably, the 

yeast is Saccharomyces cerevisiae.

The gene for IGF-1 is preferably linked to DNA coding for 

a secretory signal sequence, for example that of the gene 

for -mating factor, so that mature authentic IGF-1

which has been O-glycosylated is secreted from the

cytoplasm of the yeast cells.
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The -mating factor is a 13-amino acid peptide

secreted by yeast cells of the <=*- -mating type to 

promote efficient conjugation of a cells to form

a_____-diploid cells. Sequence data of the -gating

factor structural gene shows that the ^-mating factor 

is initially synthesized as a 165 amino acid precursor 

containing an 85 amino acid leader peptide and four 

coding regions each interrupted by an 8 amino acid spacer 

peptide. The 8 5 am mo acid leader polypeptide contain a 

13 amir.c acid signal sequence involved in targeting the 

precursor to the e.ndop i asmat i c membrane.

Ne further provide a pharmaceutical composition

containing O-glycosy1ated IGF-1 but substantially no 

ur.g 1 ycosy 1 at ed IGF-1, and a pharmaceutical 1y-acceptacie 

carrier, diluent, or excipient. The composition may also 

include insulin.

According to another feature of the invention, we provide 

a metnod of preparing a pharmaceutical composition 

comprising mixing Ο-glycosylated IGF-1 and unglycosylated

IGF- i .

SUB
i
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The plasmid utilised for the expression of IGF-1 in yeast 

may be p539/12, the construction of which is described in 

the following Example. Other yeast expression plasmids 

would also be suitable.

By way of example only, a process for the ccnszruc:ion of 

a plasmid carrying the gene for IGF-1, transformation of 

Soccbaromyces cerevisiae with that plasmid, and expression 

of mature human O-g1ycosy1 ated IGF-I from the transformed 

yeast ceils will now be described in detail·, with 

reference to the accompanying figures, in which:

Figure 1 illustrates the construction of IGF-I expressior
♦ _ “ -» · ■* n .p i asm ι o / .

Figure la is a restriction map of plasmid p539/12:

Figure 2 shows the polypeptide structure of the fusion 

between the °C -mating factor leader sequence and IGF-

1 ;

Figure 3 shows the separation of the two forms of IGF-2 

by HI-HPLC:

Figure 4 shows the structure of IGF-1 with the tryptic 

fragments separated by transverse lines;
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Figure 5 is a tryptic map showing both forms of IGF-1 ; 

and

Figure 6 shows the structure of the two mannose residues 

bound to Thr g in the 0-glycosylated form of IGF-1 .

EXAMPLE

The IGF-1 gene was expressed in Saccharomvces cerevisias, 

using an -mating factor leader peptide-IGF-1

expression plasmid, p539/12.

Plasmid ar.d veast mutant strain :

Plasmid p539/12 was constructed by Dr. J.F. Ernst at 

aioger. S.A. Ch-1227, Geneva, Switzerland. Its 

construction Is as follows. Plasmid pJDE219/G was 

constructed from JDB219 (Beggs, J.D., In: A. Benzon 

Svmcosium 15 ■ editors: D. von Wettstein, J. Fries, M.

K ι e 1 1 anc-Brand & A. Stenderup, Munksgaard, Copenhagen, 

383-3SS, 1981) by inserting a 1 .7 kb Sal 1 fragment 

carrying the AFK gene Tn903 (Ern st, J. F. and R. C.

Chan, J. Bacterid. 1 63, 8-14, 1 985) into the single Sail

site of JDS219 (stippied box in Figure 1). The SMC 

expression unit from plasmid p364/1, encompassing the ACT

promoter, the MF_____ 1 leader sequence and the SMC gene

were transferred as a 1.1 kb Bglll-BamHI fragment into 

the single BamHl site of pJDB219/G. The resulting 

plasmid, p510/14, Was linearized by partial digestion

- -τΓίϋ'Τ £
//
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with Hindlll and a 1.1 kb Hindlll fragment carrying the

yeast URA3 gene, which was derived from YIp30 (Botstein,
*

D. et al., Gene 8, 17-24, 1979) was inserted into p510/14 

to create p539/12 which carries the markers Kan G418 

Ura3 + Leu + . An outline of its genetic elements are 

shown in Figure 1a. The production of IGF-1 was carried 

out in the Saccharomyces cerevisiae mutant strain YE 449 

(Mat leu 2, ura 3-52, prbl-1122, pep 4-3, cir 4 0 ).

The plasmid is an improved version of other IGF-1 

expression plasmids, reported earlier (Ernst J.F. (1986) 

DNA 5, 483-491). The total amino acid sequence (155 

amino acids) for the -mating factor leader peptide-

IGF-1 hybrid protein is shown in Figure 2. The -

mating factor leader peptide comprises the first 85 

residues and IGF-1 the remaining 70 residues. Several 

possible O-linked glycosylation sites are present in the 

IGF-1 sequence. These are indicated. The newly 

synthesized 155 amino acid long -mating factor leader

peptide-IGF-1 hybrid protein was secreted out from the 

cell into the medium. During this process the hybrid 

protein was cleaved by an endogenous yeast peptidase 

(KEX2), generating the authentic IGF-1 molecule with its 

correct N-terminal amino acid (Gly). However, in 

addition to the authentic form of human IGF-1 a new 

analogue of human IGF-1 was also synthesized and

secreted.
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The yeast fermentation medium contained approximately 50¾ 

of authentic human IGF-1 and 50¾ of the analogue. These 

two IGF-1 forms were isolated from the medium using 

traditional biochemical separation techniques. The final 

separation of the IGF-1 analogue from authentic human 

IGF-1, was achieved by hydrophobic inteiaction

chromatography (HI-HPLC) using a TSK-Pheny1-5PW matrix 

(Figure 3). The IGF-1 analogue eluted earlier than 

authentic IGF-1, indicating that it is slightly more 

hydroph i11c.

It was found by sodium dodecyisu1phate pciyacryiamids gel 

electrophoresis (SES-PAGZ) that authentic IGF-1 had a 

slightly lower molecular weight than the analogue and the 

higher molecular weight (approx. 400) daitons exhibited 

by the analogue suggests that this form has molecules 

bound :c the polypeptide chain, most likely carbohydrates 

added during the secretion process.

The amino acid composition of the IGF-1 analogue was 

determined and found to be identical to that of the 

authentic molecule. Hence, the slightly more 

hydrophilic property of the IGF-1 analogue, as deduced 

from the HI-HPLC experiment, is not due to a change in 

the polypeptide backbone, but rather some other 

structural modification.

/
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Yeast cells are known to contain glycoproteins, and the 

possibility that the new analogue was a glycosylated form 

of IGF-1 was investigated.

ConA has been widely used in the study of glycoproteins 

due to its high affinity for oligosaccharide chains 

containing three or more mannose residues. Its 

carbohydrate specificity has been determined ( °<-D-Man^>

°<-D-Glc)> °<-DG1cNAc).

ConA blotting was carried out after sodium

dodecyisuipnate polyacrylamide gel electrophoresis (ΞΤΞ- 

FAGE) of the IGF-1 analogue and authentic human IGF-1 

(Figure 41. ConA binding was observed to the IGF-1 

analogue but net to the authentic form, indicating that

it is a glycoprotein.

The carbohydrate moiety bound to the IGF-1 polypeptide 

background was identified by gas chromatography mass- 

spectrometry (GC/MC) af'ter alkali hydrolysis (4M TFA, 120 

0 C, 15’) and subsequent reduction (NaBH) and 

acetylation. A peak /7.7 minutes) was found after gas 

chromatography when the IGF-1 analogue was analyzed. No 

such peak was observed when authentic IGF-1 was analyzed 

(not shown). The material eluting at 7.7 minutes was 

further subjected to mass-spectrometry analysis. A mass-

■ T?
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spectrum identical to a mannose reference mass-spectrum, 

was found demonstrating unambiguously that the IGF-1 

analogue contains mannose. Quantitation of the mannose 

content by gas chromatography against a calibrated 

mannose standard showed that the mannose content was

approximately 2.1% (w/w). No mannose or other 

carbohydrates were found in the authentic IGF-1 form.

Tryptic map analysis

I

j

3

GIcNAc (N-acetyl glucosamine) has been shown always to be 

the first carbohydrate residue in N-linked glycosylation. 

Since no GIcNAc was found in the IGF-1 analogue, the 

glycosylation has to be of the O-linked type, which can 

occur only to serine or threonine residues. IGF-1 

contains 5 serine residues (Ser 33 ; Ser ; Ser , and 

Ser gg ) , and 3 threonine residues (Thr 4 , Thr % ; and 

Thr 41 ). (See Figure 2).

To identify the g-1 ycosy 1 ated serine or threonine

residue(s), the IGH-1 analogue was digested with trypsin 

(the polypeptide chain cleaves after Arg and Lys 

residues) to generate shorter tryptic fragments. These 

were subsequently separated by RP-HPLC and their mobility 

compared to their corresponding counterparts generated by 

trypsin digestion of authentic IGF-1. Any change in 

mobility relative to the standard (authentic IGF-1) would

i

i
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reveal the glycosylated tryptic fragment.

Figure 4 shows the tryptic map of authentic IGF-1. 

Thirteen unique fragments were separated, the different 

fragments being shown separated by transverse lines. The 

identity of these fragments were determined by amino acid 

analysis. These fragments fit with the seven tryptic 

cleavage points (Arg, Lys) in IGF-1 plus the three 

chymotryptic-1ike cleavages that have also taken place. 

When the tryptic map of IGF-1 analogue was compared to 

authentic human IGF-1 a slight difference in elution time 

for tryptic fragments 22-36 was observed (Figure 5). No 

other differences could be detected. This shows clearly 

that the mannosylat ion site is within tryptic fragments 

22-36. Based on its sequence (-Gly-Phe-Tyr-Phe-Asn-Lys- 

Pro-Thr-Gly-Tyr-Ser-Ser-Ser-Arg-) four possible O-linked 

glycosylation sites are present, e.g. Thr ■&; Ser Ser 

34' Ser 35 ·

The tryptic fragments 22-36 was isolated from the IGF-1 

analogue as well as from authentic IGF-1. These 

fragments were analyzed by protein sequence analysis.

Thr present in the tryptic fragment from the IGF-1

analogue was the only amino acid that migrated 

anomalously demonstrating that it had been modified. No 

other differences in the entire sequence 22-36 was found 

between the two tryptic fragments. No modification was
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observed in the three consecutive serine residues Ser 33; <i

' : : V
Ser 34; or Ser 35; showing that these had not been , 3

glycosylated. Hence, these results demonstrate J

unambiguously that Thr % in the IGF-1 analogue is the ·

only amino acid which binds mannose. No other serine or

threonine has been O-glycosylated.

i
ΐ

To determine accurately the number of mannose residues 

bound to Thr 29 > the tryptic fragment 22-36 isolated from 

the IGF-1 analogue was analyzed by mass-spectrometry.

This showed a molecular weight difference between the 

mannosylated and the non-mannosy1ated fragment of 324. 

Assuming a molecular weight for peptide bound mannose of 

162 a stoichiometry of 2 mannose residues per tryptic 

fragment can be calculated. Consequently, each IGF-1 

molecule contains two mannose residues bound to Thr 39 · 

The structure of the two mannose residues bound to Thr % 

in the IGF-1 analogue molecule was determined by H-NMR 

spectroscopy and is shown in Figure 15.

BIOLOGICAL ACTIVITY

4 It was clearly shown after incubation with radiolabelled

A* - T’ forms of IGF-1 that the O-glycosylated IGF-1 bound less

well to the high molecular weight binding protein (150 K) 

in both normal human serum and normal rat serum but no 

difference in the serum profiles was obtained when the
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serum from hypophysectomized rats was used. The area 

under the curves of the high and low molecular weight 

peaks indicated that only between 50 and 60% of the 0- 

glycosylated IGF-1 was bound to the large molecular 

weight form compared to the authentic IGF-1. A small 

increase in binding to the low molecular weight form was 

observed, but the increase was not large enough to 

account for the change in ratio between binding to the 

high and low carriers, respectively.

In freshly prepared rat hepatocytes the two forms of IGF- 

1 had a dose-dependent effect on the transport into the 

cells of the non-metabolizable amino acid °^-AIB. The 

results indicate that the glycosylated form was slightly 

more effective at the high concentration used (1 mole/1) 

than was the authentic IGF-1. The results on

gluconeogenesis in hepatocytes after incubation with

either of the IGF-1s or insulin showed that no effect was

observed when insulin or authentic IGF-1 were added which

is what would be expected. However, by addition of the 

O-glycosylated IGF-1 an unexpected increase in the amount 

of glucose found in the medium was observed. This effect

seems to be due to the mannose bound to the IGF-1 since

the addition of the equivalent concentration of mannose

alone resulted in the same effect. The effects were 

slightly lower than that observed with glucagon.
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An acute insulin-like activity measured as the 

hypoglycemia induced in hypophysectomized rats, could be 

demonstrated for both O-glycosylated and authentic IGF-1.

A dose of 10 ug/rat, induced a pronounced hypoglycemia 

with both peptides. The nadir was observed at 30-45 

minutes and the glucose levels had returned to initial 

after approximately 2 hours. The effect of the O- 

glycosylated IGF-1 was slightly greater than that of the 

authentic IGF-1 at similar doses, the maximal decrease in 

blood glucose being -27% at 45 min. for the 0-

glycosylated form, compared to -14.4% at 30 minutes for

authentic IGF-1.

The results of the in vivo membrane transport showed that 

the maximal effect was reached after approximately 2 

hours, where a plateau was observed. No significant 

difference between the peptides was observed, although 

there was a tendency for the O-glycosylated IGF-1 to be 

slightly more effective.

Preliminary calculations of the half-lives (T ) of the 

O-glycosylated (mannosylated) and authentic IGF-1 were 

done. This resulted in T of the ©< -phase of 3 

minutes and 4 minutes, respectively, in normal rats, 

whereas the half-lives of the -phase in

hypophysectomized rats were slightly longer, i.e. 8 and

11 minutes for O-glycosylated and authentic IGF-1,
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respectively. The half-lives of the ®C-phases, 

however, were in normal rats 3.5 hours and 5.3 hours, 

respectively, and in hypophysectomized rats 3.3 hours and 

3.5 hours, respectively.

In summary the O-glycosylated IGF-1 has been compared to 

the authentic IGF-1 in several different biological 

assays in vitro and in vivo. No significant difference 

in their specific activity according to placental 

receptor assay or radioimmunoassay was observed 

indicating that the mannosylated amino acid is not 

involved in the binding to either the IGF-1 receptor or 

to the site binding to the antibody.

This is also evident from the experiment showing

different effects in vitro. Both IGF-1 forms have shown

similar effects on membrane transport (amino acids) in 

hepatocytes. If binding to these receptors had been 

disturbed, a difference between the two forms would have

been observed.

une unexpected finding, however, was observed in vitro in 

the hepatocytes, namely the fact that O-glycosylated IGF- 

1 increased the amount of glucose in the medium. This 

effect was also found by the addition of only mannose.

It is well known that mannose can enter the

gluconeogenetic pathway at the step of fructose-6-
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phosphate after conversion by phosphomannoisomerase. The 

slightly increased activity of O-glycosylated IGF-1 on 

the membrane transport, might be explained by the 

possibility that the cells use the mannose for generating

energy.

It was recently demonstrated that the receptor for a 

peptide homologue insulin-like growth factor II (IGF-II) 

was apparently equivalent to the mannose-6-phosphate 

receptor, which is involved in lysosomal targeting. It

has further been shown that addition of mannose-6-' 

phosphate increased binding of IGF-II to its receptor 

two-fold, indicating that modulation of the receptor 

might occur.

The difference in binding to the high molecular weight 

binding protein between the two forms of IGF-1 is a very 

important observation. In the circulation only a very 

small amount of free endogenous IGF-1 is found, (<1%) 

and the majority of the peptide is bound to at least two 

different carrier proteins, a high molecular weight form, 

which is regulated by growth hormone and is lacking in 

Laron dwarfs, GHDs growth-hormone deficient dwarfs and 

hypophysectomized rats, and a small molecular weight 

form, which is in part regulated by insulin. The amount 

of this latter carrier protein is increased in diabetic 

patients.
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Since it has been suggested that the free IGF-1 is 

responsible for the insulin-like effects (e.g. 

hypoglycemia in vivo) it might be important to increase 

the free fraction of IGF-1 for the treatment of 

hyperglycaemia. Preliminary studies have indicated that 

IGF-1 would be a possible candidate to use, e.g. in 

patients displaying insulin resistance.

Furthermore, the results from the in vivo studies on 

acute insulin-like activity also indicate that the 0- 

glycosyiated IGF-1 has a more pronounced effect than 

authentic IGF-1 in lowering the blood glucose, perhaps 

due to the difference in hydrophobicity of the two 

peptides or to a difference in kinetics.

Preliminary results of pharmacokinetics indicate that 

there is no difference between the O-glycosylated and the 

authentic IGF-1 when given to hypophysectomized rats. 

However, the results in normal rats indicate that the 0- 

glyccsy1 area form of IGF-1 may have a slightly shorter 

apparent half-life of the -phase. (3.5 hours

compared to 5.3 hours for the authentic IGF-1.) This 

might be due to a difference in binding to the carrier 

proteins .

h*
* *
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CLAIMS :

1. O-glycosylated IGF-1 essentially free from

unglycosylated IGF-1.

2. O-glycosylated IGF-1 according to Claim 1, in which 

the glycosylation is at the Thr amino acid of the 

polypeptide chain.

3. O-glycosylated IGF-1 according to Claim 1, in which 

the glycosy1 at ion comprises 2 or more mannose residues

attached to the same threonine residue of the IGF-1

polypeptide chain.

4. O-glycosylated IGF-1, having 2 or more mannose

residues attached to the Thr amino acid of the IGF-1

polypeptide chain.

5. A method of obtaining O-glycosylated IGF-1 by the 

expression of IGF-1 in yeast cells, and isolating 

O-glycosylated IGF-1 from the medium.

6. A method according to Claim 5, in which the yeast is

Saccharomvces cerevisiae. .
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7. A method according to Claim 6, in which DNA coding 

for IGF-1 is operatively linked to DNA coding for a yeast 

secretory signal sequence, so that mature authentic IGF-1 

which has been O-glycosylated is secreted from the 

cytoplasm of the yeast cells.

8. A method according to Claim 7, wherein the secretory 

signal sequence is the signal sequence of the gene for 

alpha mating factor.

9. A pharmaceutical composition containing O-

glycosylated IGF-1, but substantially no unglycosylated 
v

IGF-1, and a pharmaceutically acceptable carrier, diluent 

or excipient.

10. A pharmaceutical composition according to Claim 9, 

also including insulin.

1----- A pharmace u.tj.cal compos iti.on comprtsdng both 0-

glycosylated IGF-1 and unglycosyj-ited IGF-1 , wherein the 

proportion of 0-glycosy^,arfed IGF-1 is higher than in a 

mixture of O-glyetfsylated and unglycosylated IGF-1 as

^expresg>d<by~a_ culture nf nsll.s.________ j
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3-. ft—method—acrnrd.i ng t n„, r.,1 a i m_8 ., in -wh-i-nh DNA, coding,  

for IGF-1 is operatively linked to/DNA coding for a yeast 

secretory signal sequence, so tha/ mature authentic IGF-1 

which has been 0,-gl ycosy 1 ated is/secreted from the 

cytoplasm of the yeast cells. /

8. A method according to Chaim 7, wherein the secretory

signal sequence is the signal sequence of the gene for 

alpha mating factor. / '

9. A pharmaceutical composition containing 0-

givcosviated IGF-1, b^t substantially no unglycosylated
' ‘ I

i

IGF-i, and a pnarmaoeutical1y acceptable carrier, diluent

or exc ip ι er.t .

1C. A pharmaceutical composition according to Claim 9, 

a.bs.c,. j.n c i n d..i n g Z i n s u-b-ba-.-------------------- -

II. A method of preparing a pharmaceutical composition 

comprising mixing 0-giycosy1ated IGF-1 and unglycosylated 

IGF-i.
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Fig.2.
Yeast aipha-matinq factor leader peptide - IGF-1

met-arg-phe-pro-ser-ile-phe-thr-ala-val-leu-phe-ala-ala-ser-ser-
1 10 

ala-leu-ala-ala-pro-val-asn-thr-thr-thr-glu-asp-glu-thr-ala-gln-ile-
20 30

pro-ala-glu-ala-vaHle^ly-tyr-ser-asp-leu-glu-gly-asp-phe-asp-
40

val-ala-val-leu-pro-phe-ser-asn-ser-thr-asn-asn-gly-leu-leu-phe-
50 60

ile-asn-thr-thr-ile-ala-ser-lle-ala-ala-lys-glu-glu-gly-val-ser-leu-
70 80

asp-lys-arg-|-gly-pro-glu-thr-leu-cys-gly-a!a-giu-leu-vai-asp-ala·
L*· IGF-1 30

leu-gln-phe-val-cys-gly-asp-arg-gly-phe-tyr-phe-asn-lys-pro-thr- 
100 110

gly-tyr-gly-ser-ser-ser-arg-arg-ala-pro-gln-thr-gly-ile-val-asp-
120 130

glu-cys-cys-phe-arg-ser-cys-asp-Ieu-arg-arg-leu-g!u-met-tyr-
140

cys-ala-pro-Ieu-lys-pro-ala-lys-ser-ala
150 155

Potential 0-linked glycosy 1 ation sites are underlined
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Tryptic map of glycosylated and non glycosylated IGF-1
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Structure of the two mannose residues bound to Thr^n
in yeast derived human IGF-1
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o<Man(1-*2k<Man 1 ——Thr 29

Fig. 6.
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