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Fig. 1.1 Overview of proteins involved in clathrin coated vesicle internalisation from (Claing et 
a/. 2002). GRKs phosphorylate agonist activated receptor followed by binding of ~-arrestins. 
~-arrestin interacts with AP-2 and clathrin, which leads to formation of a clathrin coated pit. 
GRKs interact with GIT proteins and ~-arrestins interact with ARF6 and ARNO. The exact 
events regulated by these interactions remain unclear.~-arrrestin can bind to Src, which 
regulates dynamin phosphorylation. Dynamin is responsible for vesicle fission. Once 
internalised the receptors can either become recycled or degraded. 

1.6 The Gonadotropin-releasing hormone receptor 

1.6.1 The type I GnRH receptor 

The type I GnRH receptor is a central regulator of reproduction in 

vertebrates and protochordates. The GnRH receptor belongs to the 

subfamily of rhodopsin-like GPCRs and is mainly expressed in the 

gonadotropes of the anterior pituitary, where it interacts with its ligand, 

GnRH I. GnRH I is a decapeptide and the amino acid sequence for 

mammalian GnRH I is pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 . 
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the cytosol. GnRH receptor activation also results in opening of voltage­

gated Ca2+ channels of the plasma membrane. DAG, still associated with 

the plasma membrane, activates PKC in a Ca 2+ dependent manner. 

The type I GnRH receptor can also activate Gs , which stimulates 

adenylate cyclase and PKA following increase in cAMP levels (Arora et al. 

1998). 

I GnRH Activation of PLC I 
GnRH 

Pi 

Fig. 1.2 GnRH induced activation of PLC and subsequent IP3 production, Ca2
+ release and 

PKC and CaM kinase activation 

The G protein signalling pathway can converge with the MAPK 

pathway at several different levels. The free intracellular Ca2+ can activate 

Ca2+/calmodulin-dependent protein kinase II (CaM kinase II), which then 

can phosphorylate and inactivate Ras-GTPase activating protein (Ras­

GAP) and induce Ras and MAPK activation (Chen et al. 1998). For the 

GnRH receptor intracellular calcium is required for ERK kinase activation, 

however direct involvement of CaM kinase has not been shown yet. Type I 

GnRH receptor mediated ERK activation in pituitary cells was shown to be 

PKC dependent (Reiss et al. 1997). Previously it had been thought that in 
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Fig. 1.3 Model of MAPK activation by GnRH in the mouse gonadotrope 
a-T3-1 cell line from (Kraus et al. 2001). 

The novel type II GnRH receptor can activate ERK as well as p38 

kinase, the exact mechanisms have however not yet been elucidated 

(Millar et al. 2001). Millar et al. reported that in COS-7 cells both the type I 

and the type II GnRH receptor activate ERK to a similar extent, but on a 

time course ERK activation mediated by the type II GnRH receptor was 

more protracted. In the same cell type the type II GnRH receptor could 

activate p38 MAPK while the type I GnRH receptor could not (Millar et al. 
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only primary antibody or primary and secondary antibody did not show 

fluorescence (data not shown). 

For quantitative analysis of internalisation of different receptors the 

indirect method of measuring internalisation has to be used. 

Fig. 3.1 Immunofluorescence with FLAG-tagged type II GnRH receptor. COS-1 cells were 
grown on cover slips and transfected with 2 fl9 of receptor DNA. Immunofluorescence was 
performed as described in Materials and Methods. Left picture shows an unstimulated cell 
expressing the receptor on the cell surface. Right picture shows a cell that had been 
stimulated with 1 flM of GnRHl1 for 10 minutes with endocytosed receptors. 

To investigate the internalisation of the type II GnRH receptor and compare 

it with the type I GnRH receptor COS-1 cells were transfected with 2 ~g of 

type I or type II GnRH receptor DNA using the DEAE/Dextran method. An 

internalisation assay was performed as described in Materials and Methods 

(see section 2.4). 

It was observed that the type II GnRH receptor internalises more 

rapidly and to a greater extent compared to the human type I GnRH 

receptor (Fig. 3.2). Fifteen minutes after agonist stimulation 25 % of 

radiolabelled agonist bound to receptors on the cell surface was 

internalised into the cell, sixty minutes after stimulation the percentage of 

endocytosed radiolabel was 53 %. In comparison the tail-less human type I 
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GnRH receptor internalised only 7 % in fifteen minutes and 25 % in sixty 

minutes, which is similar to what has previously been reported for this 

receptor (Pawson et al. 1998). 

Differences in internalisation kinetics between the type I and the 

type II GnRH receptors can on one hand be due to the absence or 

presence of a C-terminal tail. The role of the C-terminal tail of the type II 

GnRH receptor will be investigated in chapter four. On the other hand 

receptors can internalise through different internalisation pathways or use 

the same pathway with different efficiency. Therefore the proteins that are 

required for internalisation of the type II GnRH receptor were identified 

"C 
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s::: ... 
QI -.E 

75 

50 

25 

15 30 45 60 75 90 

Time (min) 

~ marmoset GnRHR-11 

...... human GnRH-RI 

Fig. 3.2 Comparison of the internalisation of type II GnRH receptor of marmoset 
monkey with the human type I GnRH receptor. COS-1 cells were transfected with 2 Ilg 
of marmoset GnRH-RII or human GnRH-RI DNA and the internalisation assay was 
performed as described in 2.4. The result represents one out of three independent 
experiments each performed in duplicate. 
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Fig .. 3.3 Effect of co-expression of dominant negative GRK 2 K220R, wild type GRK 1 and 
GRK 2 and a combination of wild type GRK 2 and dominant negative GRK 2 K220R on the 
internalisation of the type /I GnRH receptor. Data shown are from a single representative 
experiment. Each experiment was performed at least three times in duplicate. 

3_2_3 The type II GnRH receptor internalises via a ~·arrestin 

independent pathway in COS-1 cells 

Since the type II GnRH receptor requires GRK for internalisation, the 

receptor is possibly phosphorylated after agonist occupancy. This suggests 

that ~-arrestin is involved in internalisation. Therefore the role of ~-arrestin 

in endocytosis of the type II GnRH receptor was studied. 

1 !lg of receptor DNA was cotransfected with 2 !lg dominant 

negative ~-arrestin 1 constructs into COS-1 cells using the DEAE/Dextran 

method and receptor internalisation was measured as described in 

Materials and Methods. None of the two dominant negative mutants of ~­

arrestin 1 (V53D) and (318-419), had an effect on receptor internalisation 

(Fig. 3.4a and Table 3.1). Similarly the presence of a dominant negative 

mutant of ~-arrestin 2 (V54D) did not inhibit internalisation kinetics and 

extent (Fig. 3.4b and Table 3.1). Therefore in COS-1 cells the type II GnRH 

receptor internalises in a ~-arrestin 1 and ~-arrestin 2 independent manner. 

However co-expression of wild-type ~-arrestin 1 or ~-arrestin 2 enhanced 

internalisation of the type II GnRH receptor by 87 % or 76 % respectively at 

fifteen minutes and by 29 % or 25 % respectively at sixty minutes. A 
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combination of wild type ~-arrestin and dominant negative ~-arrestin 

reduced ~-arrestin mediated augmentation of internalisation to control level. 

'tI 75 
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III 
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.!::l 30 
jij 
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o 15 30 45 60 75 90 

Time (min) 

___ GnRH-RIl 

...... GnRH-RII+bar1 

..... GnRH-RII+bar1+V53D 

-+- GnRH·RII+V53D 
...... GnRH-RII+319-418 

Fig. 3.4a Internalisation of type II GnRH receptor in presence of ~-arrestin 1 and 
dominant negative mutants of ~-arrestin 1V53D and 319-418. Data shown are from a 
single representative experiment. Each experiment was performed at least three times 
in duplicate. 

'C 75 
s:: 
III 
.21 
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III ... -
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III 
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G> 15 -c: 

o 15 30 45 60 75 
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90 

___ GnRH-RIl 

-Q- GnRH-RII+bar2 

..... GnRH-RII+V54D 

Fig. 3.4b Internalisation of the type II GnRH receptor in presence of ~-arrestin 2 and a 
dominant negative mutant of ~-arrestin 2. Results shown are from a single 
representative experiment. Each experiment was performed at least three times in 
duplicate. 
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3.2.4 The type II GnRH receptor internalises via a dynamin dependent 

pathway in COS-1 cells 

To date three internalisation pathways have been described (see section 

1.4). The clathrin coated vesicle internalisation involves ~-arrestin and 

dynamin, the caveolae mediated internalisation pathway is ~-arrestin 

independent, but requires dynamin and the third identified GPCR 

endocytosis does neither involve the ~-arrestin nor the GTPase dynamin. 

To investigate whether the type II GnRH receptor internalises in a 

dynamin dependent manner COS-1 cells were transfected with the type II 

GnRH receptor and either the dominant negative mutant of dynamin 1 

K44A or wild-type dynamin. Co-expression of wild-type dynamin had no 

effect on the internalisation kinetics of the type II GnRH receptor. In 

presence of the dominant negative dynamin 1 (K44A) the receptor showed 

decreased internalisation (Fig. 3.5 and Table 3.1). Compared to control the 

reduction in internalisation was 38 % at fifteen minutes and 20 % at sixty 

minutes of agonist stimulation. 

" c: 
III 

60 

g 45 
o 
:s 
C'CI_ 

... ~ 30 
]-
.~ 
iii 
E 15 
Q) -.5 

-+-GnRH-RIl 

...... GnRH-RII+Dynamin 

...... GnRH-RIf+K44A 

15 30 45 60 75 90 

Time (min) 

Fig. 3.5 Internalisation of the type II GnRH receptor in presence of wild-type dynamin and 
dominant negative dynamin respectively. Results shown are from a single representative 
experiment. Each experiment was performed at least three times in duplicate. 
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% was observed. Sucrose has been reported to be an inhibitor of clathrin 

coated vesicle internalisation, because it induces abnormal clathrin 

polymerisation (Heuser and Anderson 1989). Since both sucrose and filipin 

abolished internalisation of the type II GnRH receptor it is likely that 

internalisation of this receptor in COS cells proceeds via both structures, 

caveolae and clathrin coated vesicles. 

_GnRH·RII 
_ GnRH·RII+Sucrose 

_ G n RH·RII+Filipin 

Fig. 3.6 Internalisation of type II GnRH receptor in COS-1 cells in presence of sucrose 
(0.45M) or filipin (5)J.g/ml) after 60 minutes of agonist stimulation. Data shown are from a 
single representative experiment. Each experiment was performed at least three times in 
duplicate. 
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Chapter 4: Identification of Residues within the C­

terminal Tail and ICL 3 of the Type II GnRH receptor 

critical for rapid internalisation 

4.1 Introduction 

As mentioned in 3.2.1 the type II GnRH receptor of marmoset monkey 

internalises more rapidly than the human type I GnRH receptor. Slow 

internalisation kinetics of the type I GnRH receptor has been attributed to 

the receptor's lack of a C-terminal tail and to the lack in receptor 

phosphorylation (Heding et al. 1998; Pawson et al. 1998; Willars et al. 

1999). 

Fig. 4.1 Schematic diagram of the type II GnRH receptor of marmoset monkey. Green 
residues indicate amino acids conserved between all type II GnRH receptors cloned to 
date, blue residues indicate amino acids conserved between the type II GnRH receptors 
and the human type I GnRH receptor. Codons for the red residues were mutated to stop 
codons and the orange amino acids were mutated to alanine residues. Putative PKC 
phosphorylation sites are indicated by open stars, putative CKII phosphorylations site by 
closed stars and putative PKA phosphorylation sites by open diamonds. 
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Fig. 4.2 Internalisation of the C-terminally truncated mutants of the type II GnRH receptor 
compared to the wild type GnRH-RII. Red amino acids indicate putative PKC 
phosphorylation sites within the C-terminal tail, blue asterics indicate putative CKII 
phosphorylation sites. Data shown are from a single representative experiment. Each 
experiment was performed at least three times in duplicate. 

Internalisation kinetics of all mutants truncated by up to 37 amino acids (up 

to Ser 344) was identical with the wild type receptor (Fig. 4.2). However 

deletion of further nine amino acids (to Ser 335) resulted in a receptor, 

which showed a 75 % reduction of internalisation in the first thirty minutes 

after ligand stimulation compared to wild-type receptor. This receptor 

internalised fifteen minutes after agonist stimulation only 6.6 % of 

radioligand whereas the wild type receptor internalised 25.7 % of 

radioligand under the same conditions. Compared to the wild type receptor 

this is a reduction in internalisation of 75 % in the first fifteen minutes and 
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Fig. 4.3 Comparison of the internalisation of the type II GnRH receptor and the C-terminally 
truncated S335stop mutant with a mutant lacking the putative phosphorylation sites Ser 338 
and Ser 339 (S338,339A). Data shown are from a single representative experiment. Each 
experiment was performed at least three times in duplicate. 

These results show that Ser 338 and Ser 339 of the C-terminal tail are 

indeed the amino acids that are critical for rapid internalisation of the type" 

GnRH receptor of marmoset monkey. It is likely that these serine residues 

are phosphorylated by GRKs after agonist occupancy of the receptor and 

that the phosphorylation mediates rapid receptor internalisation and 

possibly also receptor desensitisation. 

One indication that Ser 338 and Ser 339 are also involved in 

desensitisation of the type" GnRH receptor was obtained from IP assays. 

The EC50 values of the S338,339A were four fold lower compared to the 

wild-type (Table 4.1 and Fig. 4.5). The decreased EC50 value indicates that 

the mutant S338,339A cannot be desensitised as efficiently as the wild­

type receptor and supports the hypothesis that these serine residues are 

phosphorylated by GRK after agonist activation of the receptor. 

Although mutation of Ser 338 and 339 decreased receptor 

internalisation throughout the time course, particularly the early time points 

of internalisation were affected. This lead to the postulation that other 
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Fig. 4.4 Comparison of internalisation of three mutants lacking putative phosphorylation 
sites within ICL 3 with the wild type GnRH-RII. Data shown are from a single 
representative experiment. Each experiment was performed at least three times in 
duplicate. 

IP assays revealed that mutation of Ser 251 to Ala causes a 10 fold 

increase in EC50 and a 67 % reduction in IPmax compared to the wild-type 

receptor (Table 4.1 and Fig. 4.5). These results indicate that the mutant 

S251A is partially uncoupled. Therefore Ser 251 does not only playa role 

in receptor internalisation, it also plays a role in cell signalling . 

30000 

E 
! 20000 

Q: , 
i" 

M ...... 10000 

B -11 -10 -9 -8 -7 -6 -5 

log[GnRHII],M 

• WT 
:J 5338,339A 

-y 5251,338,339A 

• 5251A 

Fig. 4.5 GnRHII-stimulated IP production of the wild-type GnRH-RII and the receptor 
mutants, S251A, S338,339A and S251 ,338,339A. 48 hours after transfection cells were 
stimulated with the indicated concentrations of GnRHl1 for 1 hour before total IP 
accumulation was determined as described in Materials and Methods. IP production is 
expressed as dpm of 3[H]-IP. EC50 values are given in Table 4.1. Data shown are from 
a single representative experiment. The experiment was performed at least three times 
in duplicate. 
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4.2.4 Combined mutations of Ser 251 and Ser 338,339 to Ala causes 

additive inhibition of type II GnRH receptor internalisation 

The previous results in section 4.2.2 and 4.2.3 showed that two serine 

residues within the C-terminal tail (Ser 338 and Ser 339) and one serine 

residue within ICL 3 (Ser 251) are important for internalisation of the type II 

GnRH receptor. As GRK is required for endocytosis of the type II GnRH 

receptor these serine residues are putative GRK phosphorylation sites. 

Theoretically a combination of both mutations should cause greater 

reduction of internalisation than the individual mutations. Therefore all ICL 

3 mutations discussed in section 4.2.3 were combined with the S338,339A 

mutation and the effect on internalisation was measured. The 

internalisation profile of the mutant receptors S231,232,338,339A and 

T235A,S239,338,339A was similar to that of a receptor that lacked the 

phosphorylation site within the C-terminal tail (Ser 338,339) (Fig. 4.6). This 

was consistent with the observation that Ser 231,232,239 and Thr 235 do 

not playa role in internalisation. However combination of the mutations 

S251A with S338,339A caused an additive inhibition of internalisation 

compared to the individual mutations. This receptor internalised 71 % less 

at 15 minutes and 67 % less at 60 minutes of agonist stimulation compared 

to the wild type receptor. 
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~ 40 
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C'II~ ... ~ 
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- •• T235A5239,338,339A 

- .... 5231,232,338,339A 

- " · 5251,338,339A 

-----f-
,,_-----'-.. -+- 5338,339A 

o 10 20 30 40 50 60 

Time (min) 

Fig. 4.6 Comparison of internalisation of mutants lacking putative phosphorylation sites 
within ICL 3 as well as the C-terminal tail (Ser 338,339) with the wild type GnRH-RII and 
the S338,339A mutant. Data shown are from a single representative experiment. Each 
experiment was performed at least three times in duplicate. 
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Chapter 5: Ser 251, 338 and 339 are putative 

phosphorylation sites, but are not required for ~­

arrestin dependent internalisation 

5.1 Introduction 

In the previous chapter Ser 251 in ICL 3 and Ser 338,339 were shown to 

play an important role in internalisation of the type II GnRH receptor. 

Mutation of these serine residues to alanines in~libited receptor 

internalisation by 71 % at 15 minutes and by 67 % at 60 minutes of agonist 

stimulation compared to the wild type receptor. Furthermore in section 

3.2.2 the internalisation pathway of the type II GnRH receptor was shown 

to require GRK in COS-1 cells. These findings suggest that the serine 

residues in ICL 3 and the C-terminal tail undergo phosphorylation by GRK 

after agonist occupancy of the receptor. 

To date the catfish type I GnRH receptor is the only GnRH receptor 

for which agonist stimulated phosphorylation of C-terminal tail residues 

could be shown (Willars et al. 1999). Receptor phosphorylation of other 

non-mammalian type I GnRH receptors or any type II GnRH receptor has 

never been tested. It has however been shown that the tail-less 

mammalian type I GnRH receptor does not undergo phosphorylation 

(Willars et at. 1999). Nevertheless when the C-terminal tail of the catfish 

receptor was added to the human receptor, the chimera displayed ligand 

induced receptor phosphorylation (Willars et al. 1999). Mutation of the 

phosphorylation sites of the catfish GnRH receptor resulted in reduced 

receptor internalisation (Blomenrohr et al. 1999). This observation is 

consistent with the finding that mutation of Ser 251, 338 and 339 to Ala 

inhibits endocytosis of the type II GnRH receptor. 

Therefore it was examined whether the mammalian type II GnRH 

receptor undergoes agonist mediated receptor phosphorylation and 

whether the mutant lacking the putative phosphorylation sites cannot be 

77 



Univ
ers

ity
 of

 C
ap

e T
ow

n

phosphorylated. Furthermore we investigated whether these serine 

residues are important for ~-arrestin dependent internalisation. 

5.2 Results 

5.2.1 Phosphorylation of the type II GnRH receptor cannot be detected 

by 32p phosphorylation assays 

To detect possible phosphorylation of the type II GnRH receptor Western 

Blots with an anti-phosphoserine antibody (Sigma-Aldrich, Steinheim, 

Germany) were performed. However due to lack in specificity this antibody 

did not detect the receptor (data not shown). Therefore an alternative 

method, the in vivo phosphorylation assay, was used. 

32p receptor phosphorylation assays were performed to investigate 

whether the serine residues that have been shown to be important for 

receptor internalisation are indeed phosphorylated after agonist stimulation. 

For receptor phosphorylation assays FLAG-tagged constructs were used. 

To make sure that a FLAG-tag does not interfere with the structure and 

charcteristics of the type II GnRH receptor an internalisation with both 

constructs, tagged and untagged, was performed (Fig. 5.1). Internalisation 

kinetics of the FLAG-tagged type II GnRH receptor are identical to the 

internalisation profile of the untagged GnRH receptor. 
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~~ 
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Time (min) 

50 60 

..... GnRH·RII 
_ FLAG·GnRH·RII 

Fig. 5.1 Comparison of internalisation of FLAG-tagged and wild type GnRH-RII Data 
shown are from a single representative experiment. Each experiment was performed at 
least three times in duplicate. 
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For phosphorylation assays COS-1 cells were transfected with 2 Ilg of 

FLAG-tagged type II GnRH receptor as well as FLAG-tagged ~2-AR as a 

positive control using the lipofectamine method (see section 2.2). Receptor 

phosphorylation and immunoprecipitation was performed as described in 

Materials and Methods. The immunoprecipitated proteins of 106 cells were 

separated on an SOS-polyacryl amide gel per lane and the phosphorylated 

proteins were detected by autoradiography (exposure time five days). In 

parallel another SOS-gel with the same amount of proteins was blotted 

onto a PVOF membrane and the FLAG-tagged receptors were detected by 

Western Blot with an anti-FLAG M2 antibody from mouse and a anti-mouse 

HRP conjugated secondary antibody as described in Materials and 

Methods. 

Fig. 5.2 (left panel) shows a Western Blot with the 

immunoprecipitated receptors. The arrows indicate low molecular weight 

~2-AR bands and high molecular oligomers of the receptor (lane 1) as well 

as a single band and high molecular oligomers of FLAG-tagged GnRH 

receptor (lane 5 and 6). The right panel shows a autoradiograph of an SOS 

polyacrylamide gel with identical proteins as used for the Western Blot. 

Phosphorylation of epinephrine (0.1 mM) stimulated ~2-AR could be clearly 

detected as indicated by arrows (lane 1), however phosphorylation of 

GnRH II (1 IlM) stimulated type II GnRH receptor could not be detected 

(lane 6). No difference between unstimulated GnRH receptor (lane 5) and 

ligand stimulated GnRH receptor (lane 5) could be seen. However in lane 5 

and 6 there is a very faint band below the 45 kOa marker, which could be 

phosphorylated GnRH receptor, but there is no indication of 

phosphorylated high molecular receptor oligomers as it is the case with the 

~2-AR. This band also appeared in the lane of the ~2-AR after longer 

exposure as well as with the mutant S251,338,339A (data not shown). 

Therefore it is most likely not a phosphorylated GnRH receptor band. 

Additionally this band was too faint to be quantified even by use of a 

phosphoimager and after several repetition of the phosphorylation assay 

under different conditions. 

79 



Univ
ers

ity
 of

 C
ap

e T
ow

n

..... 

..... 

Western Blot analysis showed that the ~2-AR is higher expressed than the 

type II GnRH receptor. The differences in expression levels could be the 

reason why phosphorylation of the ~2-AR could be detected whereas 

phosphorylation of the type II GnRH receptor could not be shown. 

1 23456 
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97 .... 
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~·-45 .... 

1 234 5 6 

...... 

...... 

Fig. 5.2 Western Blot (left panel) and autoradiograph (right panel) of immunoprecipitated 
FLAG-tagged ~rAR and type II GnRH receptors. As positive control epinephrine (0.1 mM) 
stimulated ~rAR was used (lane 1). Lanes 2-4 are negative controls including 
immunoprecipitates from mock transfected celis (lane 2), unstimulated untagged type II 
GnRH receptor and GnRH II (1 !lM) stimulated untagged type II GnRH receptor. 
UnstimUlated FLAG-tagged type II GnRH receptor (lane 5), GnRH II (1 !lM) stimulated 
FLAG-tagged type II GnRH receptor (lane 6). The arrows indicate a single ~rAR band and 
high molecular oligomers of the receptor as well as a single band and high molecular 
oligomers of FLAG-tagged GnRH receptor. Data are shown from one single representative 
experiment. Each experiment was performed at least three times in duplicates. 

5.2.2 Dominant negative GRK 2 cannot reduce internalisation of a 

mutant receptor lacking the putative phosphorylation sites 

Since it was not possible to directly detect phosphorylation of the type II 

GnRH receptor neither by 32p phosphorylation assays nor by Western Blots 

with an anti-phosphoserine specific antibody an alternative approach had to 

be used. 

Knowing that internalisation of the type II GnRH receptor can be 

reduced by dominant negative GRK 2 (K220R), we hypothesised that if 
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serines 251, 338 and 339 are GRK phosphorylation sites, then the 

dominant negative GRK 2 should not be able to inhibit internalisation of the 

mutant receptor lacking these putative phosphorylation sites. Therefore 

COS-1 cells were transfected with wild type GnRH receptor and the 

S251,338,339A mutant as well as the S338,339A mutant using the 

OEAE/Oextran method and an internalisation assay was performed as 

described in Materials and Methods in presence and absence of dominant 

negative GRK 2 (K220R). 
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_ S338,339A 

c::::::J S338,339A+K220R 
_ S251 ,338,339A 

c::::::J S251 ,338,339A+K220R 

Fig. 5.3 Internalisation of the type II GnRH receptor and the mutants 8338,339A and 
8251,338,339A in presence or absence of dominant negative GRK2 (K220R). 
Internalisation is expressed as % of internalised radioligand at 60 minutes after agonist 
stimulation. Data are shown from one single representative experiment. Each experiment 
was performed at least three times in duplicates. 

As expected internalisation of the wild-type GnRH receptor could be 

reduced by dominant negative GRK, however internalisation of the mutant 

receptor lacking all serine residues, that have been shown to be critical for 

receptor internalisation, could not be inhibited by GRK 2 (K220R) (Fig. 5.3). 

Nevertheless this dominant negative mutant could reduce internalisation of 

the S338,339A mutant as well as of the S251A mutant (data not shown). 

These results suggest that Ser 251,338 and 339 are GRK phosphorylation 

sites and that one of the phosphorylation sites is enough for agonist 

induced GRK phosphorylation of the receptor. 
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Fig. 5.4 Internalisation of the type II GnRH receptor and the S251,338,339A mutant in 
presence and absence of ~-arrestin 1. Data are shown from one single representative 
experiment. Each experiment was performed at least three times in duplicates. 

5.2.4 The C-terminal tail of the type II GnRH receptor is not required 

for ~-arrestin dependent internalisation 

Studies on the mammalian type I GnRH receptor, which does not have a C­

terminal tail, have shown that internalisation of this receptor cannot be 

augmented by co-expression of ~-arrestin (Heding et al. 2000). To verify 

this observation under our experimental conditions the internalisation of the 

type I GnRH receptor in the absence or presence of ~-arrestin was 

compared it to the type II GnRH receptor. Indeed ~-arrestin could not 

enhance internalisation of the type I GnRH receptor whereas it augmented 

internalisation of the type II GnRH recptor (Fig. 5.5). These results suggest 

that the determinants for ~-arrestin mediated augmentation of 

internalisation might be located in the C-terminal tail. 

After having shown that Ser 251, 338 and 339 are not necessary 

for ~-arrestin dependent internalisation the question was raised whether 

any other area in the C-terminal tail of the type II GnRH receptor is 
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important for ~-arrestin mediated augmentation of internalisation. In the 

case that the C-terminal domain of the type II GnRH receptor plays an 

important role in ~-arrestin dependent internalisation a mutant receptor 

lacking the C-terminal tail should not be enhanced by co-expression with ~­

arrestin. Therefore internalisation of the type II GnRH receptor and the C­

terminally truncated mutant S335stop was measured in the presence and 

the absence of ~-arrestin. 

The results showed that co-expression of ~-arrestin with the C­

terminally truncated mutant resulted in a similar increase compared to the 

wild-type receptor (Fig. 5.6). 

This result shows that in case of the type II GnRH receptor the C­

terminal tail is not the region required for ~-arrestin interaction and suggest 

that other regions of the receptor are important for ~-arrestin dependent 

internalisation. 
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Fig. 5.5 Internalisation of the type II GnRH receptor and the type I GnRH receptor with and 
without ~-arrestin 1 or 2. Data are shown from one single representative experiment. Each 
experiment was performed at least three times in duplicates. 
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Fig. 5.6 Internalisation of the type II GnRH receptor and the C-terminally truncated mutant 
S335stop with and without p-arrestin 1. Data are shown from one single representative 
experiment. Each experiment was performed at least three times in duplicates. 
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9. Appendix 

9.1 Primer Sequences 

Vector specific primers for pcDNA 3.1+ 
T7 (sense) 5' TAA TAC GAC TCA CTA TAG GG 3' 

BGH (antisense) 5' TAG AAG GCA CAG TCG AGG 3' 

Gene specific primers for the type II GnRH receptor of marmoset 
monkey 
The following antisense primers were used to create truncated receptor 

mutant in conjunction with the T7 sense primer. The nucleotides in boxes 

indicate the Xbal restriction site, that was used for cloning into pcDNA 3.1 +. 

Xbal 

T372stop 5' CCG ttCT AGAj TCA TTC TCC TGC CTT TCT TGA TGT C 3' 

S366stop 5' CCG ttCT AGAj TCA TGT CAC AGT TTT TTG TAC CTC CG 3' 

Q357stop 5' CCG ttCT AGAj TCA TCT AAG GGC CTG AA T GTC CTG 3' 

S344stop 5' CCG ttCT AGA) TCA CCC TTC TTC CCT AGA AGA GTC 3' 

S335stop 5' CCG ttCT AGAj TCA AAG TTC TTG GTG CCC TC 3' 

G326stop 5' CCG ttCT AGAj TCA AAG GGT GAA GGC CCC 3' 

The following sense (s) and antisense (as) primers were used to create 

receptor mutants lacking putative phosphorylation sites. The nucleotides in 

open boxes indicate silent restriction sites to identify the mutants. The 

nucleotides in grey boxes indicate the serine or threonine to alanine 

mutations. These primers were used for bridge PCR in conjunction with the 

vecto specific T7 and BGH primers. 

S338,339A_s Clal 

5' GGG CAC CAA GAA cT\A TCG AIrG GAC 

GGG 3' 

AGG GAA GAA 
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S338,339A_as Clal 

5' CCC TTC TTC CCT GTC cjA T CG~ TAG TTC TTG GTG CCC 

S231,232A_s Sadl 

5' GTG CTC GGT GTG ICCG CGGI ACA AGG 3' 

S231,232_as Sadl 

5' CCT TGT ICCG CGGI CAC ACC GAG CAC 3' 

S251A_s Stul 

5' CTC CGT CGC TTC GAC AA T iAGG celj CGT GTC eG 3' 

S251A_as Stul 

5' CGG ACA CGiA GGC cljA TTG TCG ~G CGA CGG AG 3' 

T235A,S239A_s Scil 

5' eeA Gce ICTe G~ GGA AGG GGG cee ATG eee e 3' 

T235A,S239A_as Scil 

5' GGG GCA TGG GCC CCC TTC CrT _ CGA GIGG CTG G 3' 
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