












receptor tyrosine activity is achieved during endosomal

processing of the receptor and by degradation following ubiq-

uitination. However, it is well established that the activity of

many tyrosine kinases, including the tyrosine kinase receptors

for PDGF, EGF, and insulin, are regulated by the action of pro-

tein tyrosine phosphatases.19 We were interested in developing

a system and tools for the identification of IGF-1R regulatory

phosphatases.
The fission yeast S pombe provides an ideal model system in

which to study the activity of protein tyrosine kinases because
it signals mainly through serine/threonine or dual specificity
kinases and phosphatases. Hence, mammalian tyrosine
kinases can be studied in the absence of background tyrosine
kinase activity. The activity displayed by IGF-IR βwt is

comparable to Src tyrosine kinase activity in S pombe7 and is far

greater than that displayed by the PDGF receptor β.8 We have

also shown that this system can be used to identify potential

regulators, including PTPs, which could downregulate the

tyrosine kinase activity of the full length IGF-1R. From the

results presented here, it is clear that PTP1B can have a

dramatic affect on the activity of the IGF-1R β chain. Bwt

induced tyrosine phosphorylation of endogenous yeast pro-
teins is completely abolished by coexpression of PTP1B and
autophosphorylation of βwt is also dramatically reduced.
PTP1B was expressed from the constitutive ADH promoter,
which has previously been shown to result in reduced expres-
sion compared with the nmt1 promoter (N Spellacy and D
Buckley, 1999 unpublished observations).18 It is tempting to
speculate that PTP1B, if expressed at higher or similar levels to
βwt, would completely inhibit autophosphorylation and sub-
sequent tyrosine kinase activity of the IGF-1R β chain.

PTP1B did not cause a reduction in IGF-1R activity as
measured by conventional biochemical analysis in a cell line
overexpressing the IGF-1R and transiently expressing PTB1B.
This is a common problem associated with transient transfec-

tion because differences in signalling are often masked by sig-

nals from the untransfected population, which makes up more

than 50% of the cells.

“PTP1B was the first identified protein tyrosine phos-
phatase and has been implicated in several studies as a
negative regulator of insulin signalling”

Figure 5 Coexpression of protein tyrosine phosphatase 1B (PTP1B) with type 1 insulin-like growth factor (IGF-1) stimulated green fluorescent
protein–IGF-1 receptor (GFP–IGF-1R). COS7 cells were transiently transfected with pIGF-1R–GFP + pIRES (left panel) or pIGF-1R–GFP +
pIRES-PTP1B (right panel) and stimulated with IGF-1 as before. The top panels show GFP–IGF-1R expression (green). Immunofluorescent staining
with an anti-PTP1B antibody indicates expression of endogenous PTP1B in the control vector transfected cells (middle left panel: red) and
overexpression of PTP1B in cells transfected with pIRES–PTP1B (middle right panel: brighter red fluorescence). Examination of the merged
images indicates colocalisation of GFP–IGF-1R with overexpressed PTP1B in a subpopulation of cells (yellow).
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To analyse the effect of overexpression of PTP1B or other

phosphatases on IGF-1R activity in a transiently transfected

population, we have developed a method for analysing IGF-1R

tyrosine kinase activity by immunofluoresence. A GFP tagged

IGF-1R was constructed and characterised for expression and

signalling activities. It appears that the GFP–IGF-1R is

expressed at lower levels than wild-type IGF-1R, even though

both are expressed under the control of the cytomegalovirus

promoter. Possible explanations for this could be a reduction

in antibody affinity for this receptor or a decrease in protein

stability, either of which could result from the addition of the

26 kDa GFP tag at the C-terminus. However, western blot

analysis showed that the GFP–IGF-1R is phosphorylated in

response to IGF-1 stimulation and can activate the PI3K and

MAPK pathways at levels comparable to the wild-type recep-

tor. This shows that the addition of a GFP tag does not impede

IGF-1R activity and that the GFP–IGF-1R can be used to study

IGF-1R signalling. Immunofluorescent staining for cellular

phosphotyrosine content showed that the GFP–IGF-1R is

activated in response to IGF-1 stimulation and is localised

predominantly at the cell surface, again supporting the use of

this chimaera in IGF-1R studies. GFP–IGF-1R was then used

to demonstrate that PTP1B can inhibit the tyrosine kinase

activity of the full length IGF-1R.
PTP1B was the first identified protein tyrosine

phosphatase20 and has been implicated in several studies as a
negative regulator of insulin signalling. PTP1B has also been
shown to play an important role in integrin signalling21 and to
be involved in regulation of Src activity.22 PTP1B coexpression
results in a clear reduction of IGF-1 induced cellular tyrosine
phosphorylation by GFP–IGF-1R. The functional conse-
quences of PTP1B inhibition of IGF-IR kinase activity is a cur-
rent focus of study in our laboratory and is of particular inter-
est because of the knockout mice studies suggesting that
PTP1B can specifically regulate IR signalling without affecting
the IGF-1R.5 These initial findings also suggest that further
analysis of the role of PTP1B in IGF-1R signalling will be nec-
essary before PTP1B can be widely used as a therapeutic target
in the treatment of type 2 diabetes, and that overexpression of
PTP1B could block IGF-1R signalling in IGF-1R transformed
cells.

In conclusion, we have presented two new methods that
can be used in the study of IGF-1R kinase regulation by phos-
phatases. Using these methods we have also shown that
PTP1B can negatively regulate IGF-1R tyrosine kinase activity.

Figure 6 Duplicate transfection to fig 5 but stained with antiphosphotyrosine antibodies. Expression of type 1 green fluorescent protein–type
1 insulin-like growth factor receptor (GFP–IGF-1R) is shown in the top panels. Phosphotyrosine staining (red) is shown in the middle panels and
is decreased in cells transfected with pIGF-1R–GFP and pIRES–protein tyrosine phosphatase 1B (PTP1B) (middle right panel). In the bottom
panels the merged images show that colocalisation of cellular phosphotyrosine content with GFP–IGF-1R is reduced in cells also expressing
PTP1B, as indicated by a decrease in yellow staining.
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Take home messages

• Schizosaccharomyces pombe can be used to analyse
the tyrosine kinase activity of the insulin-like growth fac-
tor type 1 receptor (IGF-1R) β chain and its regulation by
tyrosine phosphatases

• The regulation of IGF-1R tyrosine kinase activity can be
studied using a green fluorescent protein tagged IGF-1R

• Using both of these methods, we showed that IGF-1R
kinase activity can be inhibited by the protein tyrosine
phosphatase, PTP1B
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