Purinergic Signalling

Selectivity is species-dependent: characterization of standard agonists and

antagonists at human, rat and mouse adenosine receptors

Mohamad Wessam Alnouri, Stephan Jepards, Alessandro Casari, Anke Schiedel, Sonja Hinz

and Christa E. Mller

PharmaCenter Bonn, Pharmaceutical Institute, Pharmaceutical Chemistry I, University of

Bonn, An der Immenburg 4, D-53121 Bonn, Germany

corresponding author:

Christa Muller, christa.mueller@uni-bonn.de, phone +49 228 732301; fax +49 228 732567

alessandro.casari@studenti.unipd.it, stephan.jepards@uni-bonn.de, wessam.alnouri@uni-

bonn.de, schiedel@uni-bonn.de, shinz@uni-bonn.de



Table 1 The gene and protein accession numbers of the adenosine receptors in human, rat and mouse.

Gene accession number Protein accession number
mA; NM 001008533 NP _001008533.1
rA; NM 017155.2 NP_058851.2
hA; NM 000674 NP_000665.1
mAuA NM 009630 NP _033760.2
rAoa NM 053294.3 NP _445746.3
hAsA NM 001278497 NP 001265426.1
mA,g NM 007413 NP 031439.2
rAx NM 017161.1 NP_058857.1
hAs NM_000676.2 NP_000667.1
mA; NM 009631.3 NP _033761.2
rA; NM 012896 NP_037028.2
hA; NM_000677.3 NP_000668.1




Table 2 Primer sequences and restriction enzymes used for amplifying the cDNAs of murine

adenosine receptors

TG

Primer Sequence 5'-3' Gene bank reference
f-mA;-EcoRl GAGACGGAATTCATGCCGCCGTACATCTCGGC NM_001008533
r-mA;-BamHI gCTACTAGGATCCCTAGTCATCAGCTTTCTCCTCT
f-mA;a-Mfel GAGACGCAATTGGATGGGCTCCTCGGTGTACATC | NM_009630
r-mA,a-Xhol CTTACTACTCGAGTCAGGAAGGGGCAAACTCTGA
AG
f-mAs-ECoRI gAGACG GAATTCATGCAGCTAGAGACGCAAGAC | NM_007413
r-mAggs- CTTACTAGGATCCTCATAAGCCCAGACTGAGAGT
BamHI AG
f-mA;-Notl STGACAGCGGCCGCATGGAAGCCGACAACACCA NM_009631.3
r-mAs-EcoRlI CTTACTAGAATTCTTACTCAGTAGTCTGTTCCATG
f-rA;-Notl GTGACAGCGGCCGCATGCCGCCCTACATCTCGGC | NM_017155.2
r-rA;-EcoRl CTTACTAGAATTCCTAGTCCTCAGCTTTCTCCTC
f-rAza-Notl GTGACAGCGGCCGCATGGGCTCCTCGGTGTACAT | NM_053294.3
C
r-rA,a-Agel CTTACTAACCGGTTCAGGAAGGGGCAAACTCTGA
AG
f-rAs-EcoRI GAGACGGAATTCATGCAGCTAGAGACGCAGGAC | NM_017161.1
r-rAz-BamHI | CTTACTAGGATCCTCACAAGCTCAGACTGAAAGT




f-rAs-EcoRl GAGACGGAATTCATGAAAGCCAACAATACCACG | NM_012896
AC

r-rAs-Xhol CTTGCAGTCTCGAGCTACTCAGTAGTCTGTTCAA
GG

Table 3 Primer sequences used for amplifying the cDNAs of rat adenosine receptors A,z and Az from

genomic DNA
Primer Sequence 5'-3'
f-rAzp ATGCAGCTAGAGACGCAGGA
r-rAzs-Exonl CTGAGCGGGACGCGAATG
f-rAzs-Exon2 GTATAAAGGTTTGGTCACTGGAA
r-Asgs TCACAAGCTCAGACTGAAAGTTG
f-rA; ATGAAAGCCAACAATACCACGAC
r-rAs-Exonl ACTGTCAGCTTGACTCGCAGGTAT
f-rAs-Exon2 CAGATATAGAACGGTTACCACTCAAAG
r-rA; CTACTCAGTAGTCTGTTCAAGGTTTG
tA-Overlap-Ext | [GCTAACCGTTCTATATCTGACTGTCAGCTTGACTCG
CAG
f-rAs-Overlap-Ex2 'CAI\'(I':C(B:CGAGTCAAGCTGACAGTCAGATATAGAACGGTT
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Fig. S1 Scatchard transformation of saturation binding assays at ARs stably expressed in recombinant
CHO cells; (A) mA;AR using [*H]JCCPA; (B) mAAR using [PH]DPCPX; (C) mA,xAR using
[*H]CGS-21680; (D) MA,AAR using [PHJMSX-2. Data are means of three independent saturation
assays each performed in duplicates.
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Fig S2 Scatchard transformation of saturation binding assays at ARs stably expressed in recombinant
CHO cells; (A) rA;sAR using [PH]PSB-603; (B) mA,sAR using [°H]PSB-603; (C) rAsAR using
[*HINECA; (D) mA:AR using [P(H]INECA. Data are means of three independent saturation assays each

performed in duplicates.



mA; MPPY ISAFQAAY IGIEVL IALVSVPGNVLVIWAVKVNQALRDATFCF IVSLAVADVAVGA 60

rA; MPPY I SAFQAAY IGIEVL IALVSVPGNVLV IWAVKVNQALRDATFCF IVSLAVADVAVGA 60
hA, MPPS I SAFQAAY IGIEVL IALVSVPGNVLV IWAVKVNQALRDATFCF IVSLAVADVAVGA 60
FKEAE KEEAEAAXAAEAAXAXAXAEAEAAAAAAXAXAAAAAAAAAXAAAAAAAAAAXAKNA%K
mA, LVIPLAILINIGPQTYFHTCLMVACPVLILTQSSILALLAIAVDRYLRVKIPLRYKTWT 120
ra; LVIPLAILINIGPQTYFHTCLMVACPVLILTQSSILALLAIAVDRYLRVKIPLRYKTWT 120
hA, LVIPLAILINIGPQTYFHTCLMVACPVLILTQSSILALLAIAVDRYLRVKIPLRYKMVVT 120

*hhkkhhkx *xxk
mA; QRRAAVAIAGCW I LSLVVGLTPMFGWNNLSEVEQAWIANGSVGEPV IKCEFEKVISMEYM 180
rA; QRRAAVAIAGCW I LSLVVGLTPMFGWNNLSVVEQDWRANGSVGEPV IKCEFEKV ISMEYM 180
hA; PRRAAVAIAGCWILSFVVGLTPMFGWNNLSAVERAWAANGSHGEPV IKCEFEKV ISMEYN 180
xxxxxxxxxxxxxxx **k - X B e & R R e e
mA, VYFNFFVWVLPPLLLMVL IYLEVFYL IRKQLNKKVSASSGDPQKYYGKELK IAKSLALIL 240
rA; VYFNFFVWVLPPLLLMVL IYLEVFYL IRKQLNKKVSASSGDPQKYYGKELK IAKSLALIL 240
hA, VYFNFFVWVLPPLLLMVLIYLEVFYL IRKQLNKKVSASSGDPQKYYGKELK IAKSLALIL 240
AAAEEAEAAAAAAAAAAAAAAALAAAAAXAAAAALAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAX
mA; FLFALSWLPLHILNCITLFCPTCQKPSILIY IAIFLTHGNSAMNP IVYAFRIHKFRVTFL 300
rA; FLFALSWLPLHILNCITLFCPTCQKPSILIY IAIFLTHGNSAMNP IVYAFRIHKFRVTFL 300
hA; FLFALSWLPLHILNCITLFCPSCHKPSILTY IAIFLTHGNSAVNP IVYAFRIQKFRVTFL 300
-*- AR S e e e e e e e I S R R R
mA, KIWNDHFRCQPKPP IEED I PEEKADD 326
rA; K IWNDHFRCQPKPP IDEDLPEEKAED 326
hA, KIWNDHFRCQPAPP IDEDLPEERPDD 326

F*EAAkAAAhkAkA i)k Fhkhk -k Kk -k)kk- -k

Fig. S3 The alignment of the A; adenosine receptor in mouse, rat and human. The transmembrane
domains (TMs) are underlined in red. The different amino acids are in blue.

mAs -—-MGSSVY IMVELAITAVLAILGNVLVCWAVWINSNLONVTNFFVVSLAAADIAVGVLAI 57

rAza -—-MGSSVY I TVELAITAVLAILGNVLVCWAVWINSNLONVTNFFVVSLAAADIAVGVLAI 57

hA,, MPIMGSSVYITVELAIAVLAILGNVLVCWAVWLNSNLQNVTNYFVVSLAAADIAVGVLAI 60

mAza PFAITISTGFCAACHGCLFFACFVLVLTQSSIFSLLAIAIDRYTAIRIPLRYNGLVTGMR 117

rAzs PFAITISTGFCAACHGCLFFACFVLVLTQSSIFSLLATAIDRYIAIRIPLRYNGLVTGVR 117

hAA PFAITISTGFCAACHGCLFIACFVLVLTQSSIFSLLAIAIDRYITAIRIPLRYNGLVTGTR 120
B e

mAza AKGI IAICWVLSFAIGLTPMLGWNNCSQ-KDE-NSTKTCGEGRVTCLFEDVVPMNYMVYY 175

rAza AKGI TAICWVLSFAIGLTPMLGWNNCSQ-KDG-NSTKTCGEGRVTCLFEDVVPMNYMVYY 175

hAz, AKGIIAICWVLSFAIGLTPMLGWNNCGQPKEGKNHSQGCGEGQVACLFEDVVPMNYMVYF 180
Kk k- * - - -k > -

mAoa NFFAFVLLPLLLMLATYLRIFLAARRQLKQMESQPLPGERTRSTLQKEVHAAKSLAIIVG 235

rAza NFFAFVLLPLLLMLATYLRIFLAARRQLKQMESQPLPGERTRSTLQKEVHAAKSLAILIVG 235

hAA NFFACVLVPLLLMLGVYLRIFLAARRQLKQMESQPLPGERARSTLQKEVHAAKSLAIIVG 240
Fhhkh Kk mkhkAhkAk - hkAhkhk A kA kA kh Ak hkhhhhk - khhkhrhhhrhkhrhhrrirr

mAoa LFALCWLPLHI INCFTFFCSTCQHAPPWLMYLAI ILSHSNSVVNPFIYAYRIREFRQTFR 295

rAzs LFALCWLPLHI INCFTFFCSTCRHAPPWLMYLAT1 ILSHSNSVVNPFIYAYRIREFRQTFR 295

hAz4 LFALCWLPLHI INCFTFFCPDCSHAPLWLMYLAIVLSHTNSVVNPFIYAYRIREFRQTFR 300

nnnnnn _ ok Kk kkkkkokk - kkk - kkkkk ko kkkk

mAs KI'IRTHVLRRQEPFRAGGSSAWALAAHSTEGEQVSLRLNGHPLGVWANGSAPHSGRRPNG 355

rAza KI'TRTHVLRRQEPFQAGGSSAWALAAHSTEGEQVSLRLNGHPLGVWANGSATHSGRRPNG 355

hA,, K1 1RSHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRPNG 360
FokKk - dkKk - dkAhk -k K-k kkkk - - kkkkkkkkkkkk kkkkkokk _k | Kekkkk

mAoa YTLGPGGGGSTQGSPG—-—-~-- DVELLTQEHQ-EGQEHPGLGDHLAQGRVGTASWSSEFAP 409



Ao YTLGLGGGGSAQGSPR———-- DVELPTQERQ-EGQEHPGLRGHLVQARVGASSWSSEFAP 409

hA,A YALGLVSGGSAQESQGNTGLPDVELLSHELKGVCPEPPGLDDPLAQDGAGYS-—-—-———- 412
*:** -***:* * *x*kx ::* - * *kx B *-* *-:

mAza S 410

Ao, S 410

Fig. S4 The alignment of the A, adenosine receptor in mouse, rat and human. The transmembrane
domains (TMs) are underlined in red. The different amino acids are in blue.

MAzg MQLETQDALYVALELV IAALAVAGNVLVCAAVGASSALQTPTNYFLVSLATADVAVGLFA 60
rAsg MQLETQDALYVALELV IAALAVAGNVLVCAAVGASSALQTPTNYFLVSLATADVAVGLFA 60
hAz MLLETQDALYVALELVIAALSVAGNVLVCAAVGTANTLQTPTNYFLVSLAAADVAVGLFA 60
* KA IAAIAAAAAAAAAAAdh*d - ************- : _ : xxxxxxxxxxx
MAzg IPFAI T ISLGFCTDFHGCLFLACFVLVLTQSS I FSLLAVAVDRYLAIRVPLRYKGLVTGT 120
rAsg IPFAITISLGFCTDFHSCLFLACFVLVLTQSSIFSLLAVAVDRYLAIRVPLRYKGLVTGT 120
hAzs IPEAITISLGFCTDFYGCLFLACFVLVLTQSSIFSLLAVAVDRYLAICVPLRYKSLVTGT 120
MAzg RARG I IAVLWVLAFG I GLTPFLGWNSKDSATSNCTELGDG I ANKSCCPVTCLFENVVPMS 180
rAsg RARG I TAVLWVLAFG I GLTPFLGWNSKDRATSNCTEPGDG I TNKSCCPVKCLFENVVPMS 180
hAz RARGV IAVLWVLAFG I GLTPFLGWNSKDSATNNCTEPWDGTTNESCCLVKCLFENVVPMS 180
E o : FEAIAIAIAAXAAAAXAAAAAAAAAAh* **x _ k= = **x : * : **kk K _ E S S o e e
MAzg YMVYFNFFGCVLPPLLIMLVIY IK1FMVACKQLQRMELMDHSRTTLQRE IHAAKSLAMIV 240
rAsg YMVYFNFFGCVLPPLL IMMVIY IK I FMVACKQLQHMELMEHSRTTLQRE IHAAKSLAMIV 240
hAz YMVYFNEFGCVLPPLLIMLVIY IKIFLVACRQLQRTELMDHSRTTLQRE IHAAKSLAMIV 240
nnnnnn - - *** *** *** -k * * * * * * * * *
MAzg GIFALCWLPVHAINC I TLFHPALAKDKPKWVMNVA I LLSHANSVVNP IVYAYRNRDFRYS 300
rAsg GIFALCWLPVHAINC I TLFHPALAKDKPKWVMNVA I LLSHANSVVNP 1VYAYRNRDFRYS 300
hAzs GIFALCWLPVHAVNCVTLFQPAQGKNKPKWANNMA I LLSHANSVVNP IVYAYRNRDFRYT 300
E R S e e o ** *** *x B * : *k*k - ** : xxxxxxxxxxxx -
MAzg FHK I 1SRYVLCQAETKGGSGQAGAQSTLSLGL 332
Asg FHRIISRYVLCQTDTKGGSGQAGGQSTFSLSL 332
hAz FHKIISRYLLCQADVKSGNGQAGVQPALGVGL 332
*k - ***** *** - - * * **** * - - - *

Fig. S5 The alignment of the A, adenosine receptor in mouse, rat and human. The transmembrane
domains (TMs) are underlined in red. The different amino acids are in blue.

mAz MEADN-TTETDWLNITY ITMEAAIGLCAVVGNMLV IWVVKLNPTLRTTTFYFIVSLALAD 59
rAz MKANNTTTSALWLQITY ITMEAAIGLCAVVGNMLV IWWVKLNRTLRTTTFYFIVSLALAD 60
hAz -MPNN- STALSLANVTYITMEIFIGLCAIVGNVLVICVVKLNPSLQTTTFYFIVSLALAD 58
mAz TAVGVLVTPLAITAVSLQVKMHFYACLFMSCVLLIFTHASIMSLLATAVDRYLRVKLTVRY 119
rA; TAVGVLVIPLAITAVSLEVQMHFYACLFMSCVLLVFTHASIMSLLATAVDRYLRVKLTVRY 120
hA;3 T1AVGVLVMPLAIVVSLGITIHFYSCLFMTCLLLIFTHASIMSLLATAVDRYLRVKLTVRY 118
E R e - 3 - - o - E = - * - *x = Fkkkhk
mAz RTVTTQRRIWLFLGLCWLVSFLVGLTPMFGWNRKATLASSQNSSTLLCHFRSVVSLDYMV 179
rA; RTVTTQRRIWLFLGLCWLVSFLVGLTPMFGWNRKVTLELSQNSSTLSCHFRSVVGLDYMV 180
hA3 KRVTTHRRIWLALGLCWLVSFLVGLTPMFGWNMKLTSEYHRNVTFLSCQFVSVMRMDYMV 178

= EFEEK=KhkEAAkA FEAAEAIXAAIAA XX XX AXxAxLdk * * -k = % F*=k Kk=- -Fkkkk



mAz FFSFVTWILVPLVVMCVIYLDIFY 1 IRNKLSQNLSGFRETRAFYGREFKTAKSLFLVLFL 239

rAz FESFITWILIPLVVMCIITYLDIFY I IRNKLSQNLTGFRETRAFYGREFKTAKSLFLVLFL 240

hAz YFSFLTWIFIPLVVMCATYLDIFY I IRNKLSLNLSNSKETGAFYGREFKTAKSLFLVLFL 238
:***:***:: B ok R (R AR R R SRk o **:_ :** xxxxxxxxx

mAz FALCWLPLSI INFVSYFDVKIPDVAMCLG I LLSHANSMMNP IVYACKIKKFKETYFLILR 299

rAs FALCWLPLS I INFVSYFNVKIPEIAMCLGILLSHANSMMNP IVYACKIKKFKETYFVILR 300

hA;3 FALSWLPLSIINCIIYFNGEVPQLVLYMGILLSHANSMMNPIVYAYKIKKFKETYLLILK 298
*xxk ******** - **- - -*: - = Fkkdkhkhkikk - -**-

mAz ALRLCQTSDSLDSNMEQTTE 319

rAz ACRLCQTSDSLDSNLEQTTE 320

hA3 ACVVCHPSDSLDTSIEKNSE 318

-*- *****- -*- -k

Fig. S6 The alignment of the A; adenosine receptor in mouse, rat and human. The transmembrane

domains (TMs) are underlined in red. The different amino acids are in blue.



Correlation of pKjvalues

In order to determine the correlation coefficients, the available pK; values of all the
compounds (both from this work as well as from literature) were calculated and a linear
regression of the pK; values was conducted. The R? of the linear regression analysis is equal
to the correlation coefficient. A compound was not taken into consideration if it was only
screened (for example, if K; value > 10 uM).

Correlation coefficients of the pK; values at A; were found to be between 0.74 and 0.80,
whereas the correlation coefficients of pK; values at A, ranged between 0.83 and 0.88.
Interestingly, the correlation between the three species is better at the A;aAR than A;AR
despite their lower sequence identity. It was also counterintuitive that results for mouse and
rat A,aAR correlate slightly worse than mouse with human receptor. The curves and

correlation coefficients are given in figure S7.
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Fig. S7 1 Correlation of the pK; values at A; and A,a receptors in the human, rat and mouse.
A correlation between mouse and human at A;AR, B: correlation between rat and human at A;AR,
C: correlation between rat and mouse at A;AR, D: correlation between mouse and human at A,,AR,

E: correlation between rat and human at A;AAR, F: correlation between rat and mouse at A, AR.

The correlation coefficients of the pK; values at A,g were also high, ranging between 0.82 and
0.90. The correlation between the species at AsAR is not expected to be high since the genetic
divergence is high. Many antagonists were not considered because they were not active at
AsAR. The correlation coefficient between mouse and human was only 0.52 but if we
considered only As; agonists the coefficient will increase to 0.93 (data not shown). Rat
correlates better with human than mouse with coefficient of 0.83, whereas rat and mouse

correlate less with a correlation coefficient of 0.73 as shown in figure S8.
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Fig. S8 Correlation of the pK; values at A; and A,a receptors in the human, rat and mouse.
A correlation between mouse and human at A,zAR, B: correlation between rat and human at A,sAR,
C: correlation between rat and mouse at A,gAR, D: correlation between mouse and human at AzAR,

E: correlation between rat and human at AsAR, F: correlation between rat and mouse at AsAR.
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