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Periplasmic binding proteins fused to receptors and channels

Fig.3
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Haplotype analysis of ββββ2AR gene

Nucleotide -47 46 79 491 Ca A-A As H-L
Alleles T/C G/A C/G C/T
Haplotype
1 T A C C 0.7 25 12 10
2 C G G C 48 6 10 28
4 T A C C 33 30 45 40
6 T G C C 13 31 30 13
7 T G C T 1 1.6 0 3.3

B
U

P

R
16

G

Q
27

E

T
16

4I

Drysdale et al.  PNAS 97:10483(2000)
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Predicting Response to Clozapine

Gene Polymorphism
5-HT2A -1438-G/A
5-HT2A 102-T/C
5-HT2C Cys23Ser
5-HT2C -330-GT/-244-CT repeat
5-HTT 5-HTTLPR (long, promoter)
H2 -1018-G/A

5-HT2A
5-HT2C

Arranz et al.
Lancet 355:
1615 (2000)

77% success 
in predicting
response
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N251K (i3 loop) Enhanced agonist-dependent G protein 
coupling 1

H��
#������
��
��������

�����

G389R (C-terminus) Enhanced basal and agonist-dependent G 
protein coupling 2

H��
#������
��
��������

�����

R16G 

Q27E 

T164I 

C341G 
Haplotype analysis 

Nocturnal asthma 
Enhanced agonist-promoted downregulation 
of receptor 
Decreased response to albuterol 
Increased severity of asthma 
Susceptibility to hypertension 
Depressed exercise performance in heart 
failure 
Reduced lung function at maturity 
Susceptibility to myasthenia gravis? 
IgE variability? 
Resistance to down-regulation (unless 
coupled with R16G) 
Susceptibility to hypertension 
Obesity?  
Decreased bOH-agonist affinity
Altered coupling to Gs/adenylate cyclase 
system 
Depressed exercise performance in heart 
failure
Uncoupling from Gs/adenylate cyclase 
system 
Genotype associated with response to 
albuterol (haplotype 
2/2 greater response than 4/4)

3
3
4
5
6
7
8
9
10
11
6
12
11
13
7
14
15

H��
#������
��
��������

�����

W64R 
Obesity 16

'��
�
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��
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'�@��'C	

�����

L88F 
N351D

Increased affinity of agonist 
Decreased affinity of agonist 

17
17

'��/�I��B�B�BB�	 A1 (TaqI rflp) Reward deficiency syndrome 18,19 
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A1
A2
S311C, P310S, V96A 
V154I 

Obesity 
Alcoholism? 
Reduced receptor expression 
Pathological gambling 
Tardive dyskinesia? 
Altered drug affinity 
Myoclonus dystonia 

19
20-22 

23
24
25
26
27

'��

1 2 3

BalI 

S9G (MscI rflp) 

S9G + 3 other SNPs 

No association with schizophrenia 
Unipolar depression 
No association with schizophrenia 
Tardive dyskinesia in schizophrenic patients 
Haplotype associated with schizophrenia 

28
29
30

31,32 
33

'B

1 2 3

48 bp repeat in i3 loop 
coding region 

V194G 
C-521C (promoter) 

Effect on clozapine binding 
Effect on G protein coupling  
Pathological gambling (females) 
Decreased sensitivity to dopamine and 
clozapine 
Elevated D4-like sites in schizophrenic brains

34,35 
36
37
38
39

/���������
��
$��������

      

C�(�2

12 3

102 T/C (silent) 

H452Y 

1438 G/A 

Psychotic symptoms in AD 
Decreased response to clozapine
Blunting of calcium mobilization 
Decreased response to clozapine
Effects on clozapine response?
Susceptibility to eating disorders? 

40
41-43 

44
45

43,44 
46

C�(�"

1 2 3

C23S

Promoter SNPs 

Psychotic symptoms in AD 
Increased clozapine response?
Associated with obesity and type II diabetes 

40
47
48

C�(�@

1 2 3
F124C Increased affinity for ligand 49 

C�(=

13
C267T (267C-allele) Increased risk for AD 50 

��
��
�
����
��
���������

      

��

12 3
Multiple SNPs No association with asthma 51 

��

1 2 3

R649G 
Promoter SNPs (1018 
G/A) 

Increased incidence in schizophrenia 
No association with schizophrenia 

52
53

��

1 2
High basal activity of 
native H3 R Unknown association with disease 54 

 ���
#�����������       

2��
�����
��%%� 1166 A/C  Coronary atheroma? 55 
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1 2 3
Multiple SNPs 

Increased risk of ischemic events 
Influences aortic stiffness  
Increased angiotensin response 

56
57

58,59 

+�#�����
��2�

1 2 3

+�#�����
��@

1 2 3

Multiple SNPs 

Multiple SNPs  
W276C 

No association with myocardial infarction 
Affect pulse pressure? 

No association with myocardial infarction 
Hirschsprung’s disease 

60
60

60
61

I���
�
F
���
�������

12 3

Truncated TM5 
D578G 

T398M 

Leydig’s cell hyperplasia 
Precocious puberty in male children 
Constitutively activated LH receptor 
Activating mutation; variable association with 
familial precocious  
male puberty 

62
63
63
64

3/�

1 23
A189V 

Ovarian dysgenesis 
Altered protein folding, inactivation of 
receptor 

65

7��
������
��
�7"�$	

1 2 3
MC4R
1 2 3

D294H  
D84E
V92M 

Multiple SNPs 

Red hair/fair skin 
Development of melanoma 
Red hair/fair skin 
Development of melanoma? 
Low affinity of receptor for ligand 

Activating or inactivating SNPs 
Morbid obesity 

66
67
68

68,69 
68

70
70,71 

2"(���7"�$	

1 2 3

S120R, R201Stop, S74I, 
V254C 
Promoter polymorphism 

Fam. glucocorticoid def., altered/loss of 
receptor function 
Reduced expression; loss of heterozygosity 
in
adrenocortical tumors 

72-75 
76

 
�
��)��
#�
��������

(PTH) 
1 2 3

H223R, T410P, I458R 
P132L 
Delet. bp 1122 (frame 
shift),1176 G/A 

Jansen’s metaphyseal chondrodysplasia, 
constitutes active receptor 
Blomstrand’s chondrodysplasia, no 
accumulation of cAMP 
Blomstrand’s chondrodysplasia 

77-79 
80

81,82 

(�)������
���(/�	

1 23

P52T 

D727E 

D619G, A623I (somatic) 

Possible influence on autoimmune thyroid 
disease  
(Graves disease); altered receptor function/ 
conformation
Toxic multinodular goiter 
Increased cAMP response 
Hyperfunctioning thyroid adenomas
Constitutively activation of adenylate cyclase 

83,84,85 

86
86
87

�
�������
����!
��������

Multiple SNPs Nephrogenic diabetes insipidus 
Decreased ligand binding 

88,89 



AAPS PharmSci�����������	�
��
���������������������
����
����	�

�=�

1 2 3 R113W 

R137H

Reduced expression of receptor 
Decreased ligand affinity, decreased coupling 
to the  
Gs/adenylate cyclase system 
Decreased stimulation of the Gs/adenylate 
cyclase system

90
90

91

.�
�
#�$��������

�!��
�
#����������
�7.$	

1 2 3
#!��
�
#����������
�'.$	

1 2 3

 N40D 

H260R
H265R
S268P 

N273D
N152D  
Haplotype analysis 
921 T/C 

Increased affinity/ potency of b-endorphin 
Idiopathic absence epilepsy? 
Reduced basal G-protein coupling 
Reduced CaM binding, reduced basal G-
protein coupling 
Reduced CaM binding, reduced basal G-
protein coupling, reduced desensitization, 
and maximal agonist activation
Unknown functional change 
Reduced receptor expression in vitro 
Association with substance dependence 
Susceptibility to substance abuse still under 
review 

92
93
93a
93a
93a

94, 95, 
93a
95
96

97,98 

 ����
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9
��#����������
 2$��

����

F240S Altered PAR2 ligand binding/activation 99 

37I ��0!&���)��
����
#�	���������

�����

F110S, C126W (i2 loop) 

Possible association with decreased 
chemotactic  
activity in patients with localized juvenile 
periodontitis 

100

"����;
���
���������

""$�

12 3

""$�

1 2 3
""$C

1 2 3

"J�"$�

1 2 3

V64I

R275Q, L351P, 51 T/C 
(silent),  
240 L/T (silent) 
CCR5P1 alleles 

ccr5 (32 bp  deletion) 
59029 A/G 
-homozygotes 
-heterozygotes 

V249I, T280M 

Delayed progression of AIDS 
Delayed progression of sarcoidosis 
Heterodimer with CCR5 or CXCR4 
Susceptibility to insulin dependent diabetes 
mellitus? 
Unknown functional change or influence on 
disease 

Increased progression of AIDS 
Altered binding affinity 

Resistance to HIV infection 
Delayed progression of AIDS? 
Decreased risk of non-Hodgkin’s lymphoma 
Increased progression of AIDS 

101,102 
103
104
105
106

107,108 
107

109,110 
102
109
111
112

�
�
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EBV-induced Mediator of EBV effects on B lymphocytes 113
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1

EBV-induced 
Human CMV encoded 

 Kaposi’s sarcoma-
associated  
herpesvirus encoded 

Mediator of EBV effects on B lymphocytes 

b-chemokine like receptor with role in CMV 
infection; serves as coreceptor for HIV-1 
entry (cell line adapted for CXCR4)  
Candidate viral oncogene in Kaposi’s 
sarcoma, high constitutive signaling activity 

113

114
115

116

.������ "$�       

/��������#

1 23

W535L 
Multiple oncogenic 
mutations  

Activating somatic mutation 
Basal cell carcinoma (hedgehog-patched 
path) 
reversal by cyclopamine 

117,118 
119

(����6�4
���2���

�($J
�
�#�
($JH	���

123

R60L

Bleeding disorder. Impaired coupling to 
phospholipase C 
and adenylyl cyclase (but R60L-TRXß 
 inhibits AC normally).

120,121 

2' ����������
 �,��

12

Del of 2 nt (TTCATT) in 
coding  
region (end of TMD6) 

Nonfunctional Gi-linked ADP receptor.
Bleeding disorder. 122

"
!/���
���

123

L174R,P40A, R63M, 
R67C, G144E, T139M, 
R228Q, R198E, E298K, 
R796W, E128A 
N118K, F128L, T151M, 
E191K,  
F612S (N-term) 

Familial hypocalciuric 
hypercalcemia/neonatal severe 
hyperparathyroidism 

Familial hypocalcemia, increased IP3-
response 
Hypocalcemia 

123-126 

127
128

$��#���
�

12 3

G90D, A292E, K296E/ Glu 
113

E134Q 
E134D 

Retinitis pigmentosa, congenital night 
blindness 
Constitutively activated receptor 
Increased activity of opsin 
Decreased activity of opsin 

129-131 
132
132

*Each receptor is linked to ENTREZ GenPept Report, Online Mendelian Inheritance in Man (OMIM) database, and GPCRDB 
Viseur's snake-like view of the protein structure. Changes in receptor function are listed in italics. Click on: 1 = Entrez (and
further links); 2 = OMIM database; 3 = Snake-like view (Viseur, available at G protein-coupled receptor (GPCR) database 
:http://www.gpcr.org/7tm/). This site also contains alignments, phylogenetic trees, 3-dimensional models, chromosomal 
locations, ligand binding constants, and mutation data. For modeling the 3-dimensional structure of any GPCR, go to: 
http://www.expasy.ch/swissmod/SWISS-MODEL.html.
†A indicates alanine; C, cysteine; D, aspartate; E, glutamate; F, phenylalanine; G, glycine; H, histamine; K, lycine; L, leucine; 
M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, 
tyrosine; AD, Alzheimer's disease; AIDS, acquired immunodeficiency syndrome; cAMP, cyclic adenosine monophosphate; 
CMV, cytomegalovirus; EBV, Epstein-Barr virus; FSH, follicle-stimulating hormone; HIV, human immunodeficiency virus; LH, 
luteinizing hormone; SNP, single nucleotide polymorphisms. 
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