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Figure S1. Comparison of binding pose of the ATP analog AMPCPP (carbon atoms colored green) 

and 23 (carbon atoms colored cyan) in the binding pocket of human NPP3. The two zinc ions in 

the substrate binding site are shown in orange. The water molecule involved in the interaction of 

AMPCPP and the two zinc ion is shown in red. The methyl group of the methylbenzenesulfonamide 

residue in compound 23 (right) is predicted to occupy the space where water molecule is located 

in the X-ray structure of the nucleotide-bound complex (left). The sulfonamido group likely forms 

strong interactions with the zinc ions.  
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SP|P22413|ENPP1_HUMAN MERDGCAGGGSRGGEGGRAPREGPAGNGRDRGRSHAAEAPGDPQAAASLLAPMDV-GEEP 59 
SP|Q13822|ENPP2_HUMAN ------------------------------------------------------------ 
SP|O14638|ENPP3_HUMAN ------------------------------------------------MESTLTLATEQP 12 
                                                                                   
 
SP|P22413|ENPP1_HUMAN LEKAARARTAKDPNTYKVLSLVLSVCVLTTILGCI---------FGLK-------PSCAK 103 
SP|Q13822|ENPP2_HUMAN ------MARRSSFQSCQIISLFTFAVGVNICLGFTAHRIKRAEGWEEGPPTVLSDSPWTN 54 
SP|O14638|ENPP3_HUMAN VK-------KNTLKKYKIACIVLLALLVIMSLGLG---------LGLG-------LRKLE 49 
                                .  :. :: .:.  .  :   **                          : 
 
SP|P22413|ENPP1_HUMAN EVKSCKGRCFERTF---GNCRCDAACVELGNCCLDYQETCIEPEHIWTCNKFRCGEKRLT 160 
SP|Q13822|ENPP2_HUMAN ISGSCKGRCFELQEAGPPDCRCDNLCKSYTSCCHDFDELCLKTARGWECTKDRCGEVRNE 114 
SP|O14638|ENPP3_HUMAN KQGSCRKKCFDASFRGLENCRCDVACKDRGDCCWDFEDTCVESTRIWMCNKFRCGETRLE 109 
                         **: :**:       :****  * .  .** *::: *::  : * *.* **** *   
 
SP|P22413|ENPP1_HUMAN RSLCACSDDCKDKGDCCINYSSVCQGEKSWVEEPCESINEPQCPAGFETPPTLLFSLDGF 220 
SP|Q13822|ENPP2_HUMAN ENACHCSEDCLARGDCCTNYQVVCKGESHWVDDDCEEIKAAECPAGFVRPPLIIFSVDGF 174 
SP|O14638|ENPP3_HUMAN ASLCSCSDDCLQRKDCCADYKSVCQGETSWLEENCDTAQQSQCPEGFDLPPVILFSMDGF 169 
                       . * **:**  : *** :*. **:**. *::: *:  :  :** **  ** ::**:*** 
 
SP|P22413|ENPP1_HUMAN RAEYLHTWGGLLPVISKLKKCGTYTKNMRPVYPTKTFPNHYSIVTGLYPESHGIIDNKMY 280 
SP|Q13822|ENPP2_HUMAN RASYMKKGSKVMPNIEKLRSCGTHSPYMRPVYPTKTFPNLYTLATGLYPESHGIVGNSMY 234 
SP|O14638|ENPP3_HUMAN RAEYLYTWDTLMPNINKLKTCGIHSKYMRAMYPTKTFPNHYTIVTGLYPESHGIIDNNMY 229 
                      **.*: . . ::* *.**:.** ::  ** :******** *::.**********:.*.** 
 
SP|P22413|ENPP1_HUMAN DPKMNASFSLKSKEKFNPEWYKGEPIWVTAKYQGLKSGTFFWPGSDVEINGIFPDIYKMY 340 
SP|Q13822|ENPP2_HUMAN DPVFDATFHLRGREKFNHRWWGGQPLWITATKQGVKAGTFFWSV---------------- 278 
SP|O14638|ENPP3_HUMAN DVNLNKNFSLSSKEQNNPAWWHGQPMWLTAMYQGLKAATYFWPGSEVAINGSFPSIYMPY 289 
                      *  :: .* * .:*: *  *: *:*:*:**  **:*:.*:**                   
 
SP|P22413|ENPP1_HUMAN NGSVPFEERILAVLQWLQLPKDERPHFYTLYLEEPDSSGHSYGPVSSEVIKALQRVDGMV 400 
SP|Q13822|ENPP2_HUMAN --VIPHERRILTILQWLTLPDHERPSVYAFYSEQPDFSGHKYGPFGPEMTNPLREIDKIV 336 
SP|O14638|ENPP3_HUMAN NGSVPFEERISTLLKWLDLPKAERPRFYTMYFEEPDSSGHAGGPVSARVIKALQVVDHAF 349 
                         :*.*.** ::*:** **. *** .*::* *:** ***  **.. .: : *: :*  . 
 
SP|P22413|ENPP1_HUMAN GMLMDGLKELNLHRCLNLILISDHGMEQGSCKKYIYLNKYLGDVKNIKVIYGPAARLRPS 460 
SP|Q13822|ENPP2_HUMAN GQLMDGLKQLKLHRCVNVIFVGDHGMEDVTCDRTEFLSNYLTNVDDITLVPGTLGRIRSK 396 
SP|O14638|ENPP3_HUMAN GMLMEGLKQRNLHNCVNIILLADHGMDQTYCNKMEYMTDYFPRINFFYMYEGPAPRIRAH 409 
                      * **:***: :**.*:*:*::.****::  *.:  ::..*:  :. : :  *   *:*   
 
SP|P22413|ENPP1_HUMAN DVPDKYYSFNYEGIARNLSCREPNQHFKPYLKHFLPKRLHFAKSDRIEPLTFYLDPQWQL 520 
SP|Q13822|ENPP2_HUMAN FSNN--AKYDPKAIIANLTCKKPDQHFKPYLKQHLPKRLHYANNRRIEDIHLLVERRWHV 454 
SP|O14638|ENPP3_HUMAN NIPHDFFSFNSEEIVRNLSCRKPDQHFKPYLTPDLPKRLHYAKNVRIDKVHLFVDQQWLA 469 
                         .   .:: : *  **:*::*:*******.  ******:*:. **: : : :: :*   
 
SP|P22413|ENPP1_HUMAN ALNPSE------RKYCGSGFHGSDNVFSNMQALFVGYGPGFKHGIEADTFENIEVYNLMC 574 
SP|Q13822|ENPP2_HUMAN ARKPLDVYKKPSGKCFFQGDHGFDNKVNSMQTVFVGYGSTFKYKTKVPPFENIELYNVMC 514 
SP|O14638|ENPP3_HUMAN V-RSKS------NTNCGGGNHGYNNEFRSMEAIFLAHGPSFKEKTEVEPFENIEVYNLMC 522 
                      . .  .       .    * ** :* . .*:::*:.:*  **   :.  *****:**:** 
 
SP|P22413|ENPP1_HUMAN DLLNLTPAPNNGTHGSLNHLLKNPVYTPKHPKEVHPLVQCPFTRN-PRDNLGCSCNPSI- 632 
SP|Q13822|ENPP2_HUMAN DLLGLKPAPNNGTHGSLNHLLRTNTFRPTMPEEVTRPNYPGIMYLQSDFDLGCTCDDKVE 574 
SP|O14638|ENPP3_HUMAN DLLRIQPAPNNGTHGSLNHLLKVPFYEPSHAEEVSKFSVCGFANPLPTESLDCFCPHLQN 582 
                      *** : ***************:   : *.  :**       :       .*.* *      
 
SP|P22413|ENPP1_HUMAN -L-PIEDFQTQFNLTVAEEKIIKHETLPYGRPRVLQKENTICLLSQHQFMSGYSQDILMP 690 
SP|Q13822|ENPP2_HUMAN PKNKLDE----LNKRLHTKGSTEERHLLYGRPAVLYRTR-YDILYHTDFESGYSEIFLMP 629 
SP|O14638|ENPP3_HUMAN ST-QLEQVNQMLNLTQEEITATVKVNLPFGRPRVLQKNVDHCLLYHREYVSGFGKAMRMP 641 
                          :::    :*          .  * :*** ** :     :* : :: **:.: : ** 
 
SP|P22413|ENPP1_HUMAN LWTSYTVDRNDSF--STEDFSNCLYQDFRIPLSPVHKCSFYKNNTKVSYGFLSPPQLNKN 748 
SP|Q13822|ENPP2_HUMAN LWTSYTVSKQAEVSSVPDHLTSCVRPDVRVSPSFSQNCLAYKNDKQMSYGFLFPPYLSSS 689 
SP|O14638|ENPP3_HUMAN MWSSYTVPQLGDTSPLPPTVPDCLRADVRVPPSESQKCSFYLADKNITHGFLYPPASNRT 701 
                      :*:**** :  .       . .*:  *.*:  *  ::*  *  :.::::*** **  . . 
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SP|P22413|ENPP1_HUMAN SSGIYSEALLTTNIVPMYQSFQVIWRYFHDTLLRKYAEERNGVNVVSGPVFDFDYDGRCD 808 
SP|Q13822|ENPP2_HUMAN PEAKY-DAFLVTNMVPMYPAFKRVWNYFQRVLVKKYASERNGVNVISGPIFDYDYDGLHD 748 
SP|O14638|ENPP3_HUMAN SDSQY-DALITSNLVPMYEEFRKMWDYFHSVLLIKHATERNGVNVVSGPIFDYNYDGHFD 760 
                       .. * :*::.:*:****  *: :* **: .*: *:* *******:***:**::***  * 
 
SP|P22413|ENPP1_HUMAN SLENLRQKRRVIRNQEILIPTHFFIVLTSCKDTSQTPLHCEN-LDTLAFILPHRTDNSES 867 
SP|Q13822|ENPP2_HUMAN TEDKIK---QYVEGSSIPVPTHYYSIITSCLDFTQPADKCDGPLSVSSFILPHRPDNEES 805 
SP|O14638|ENPP3_HUMAN APDEIT---KHLANTDVPIPTHYFVVLTSCKNKSHTPENCPGWLDVLPFIIPHRPTNVES 817 
                      : :::    : : . .: :***:: ::*** : ::   :* . *..  **:***  * ** 
 
SP|P22413|ENPP1_HUMAN CVHGKHDSSWVEELLMLHRARITDVEHITGLSFYQQRKEPVSDILKLKTHLPTFSQED 925 
SP|Q13822|ENPP2_HUMAN CNSSEDESKWVEELMKMHTARVRDIEHLTSLDFFRKTSRSYPEILTLKTYLHTYESEI 863 
SP|O14638|ENPP3_HUMAN CPEGKPEALWVEERFTAHIARVRDVELLTGLDFYQDKVQPVSEILQLKTYLPTFETTI 875 
                      *  .: :: **** :  * **: *:* :*.*.*::.  .   :** ***:* *:.    
 

Figure S2. Sequence alignment of the human NPP subtypes NPP1, NPP2 and NPP3. For each 

sequence, the Uniprot accession number, the subtype and the organism name are given. Important 

amino acid residues in the binding pocket are highlighted in yellow.  
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Table 1. Inhibitory activities of 4-(phthalazin-1-yl)aminobenzenesulfonamide derivatives with 

modification of the 4-substituent at human NPP3, CA-II and CA-IX 

 

Compd. R4 Ki ± SEM (nM) 

  NPP3 CA-II CA-IX 

II Reactive blue 21 710 ± 30 n.d. n.d. 

1  1110 ± 40 948 ± 62 1060 ± 78 

16 

 

10300 ± 1200 208 ± 16  

(>10000)a 

932 ± 54  

(>10000)a 

17 

 

5320 ± 120 155 ± 9 286 ± 25 

6a 

 

20100 ± 2400 2080 ± 128  

(>10000)a 

1170 ± 84 

(>10000)a 

6b 

 

5090 ± 240 n.d. n.d. 

18 

 

20300 ± 300 n.d. n.d. 
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19 

 

24700 ± 1500 285 ± 17 19.5 ± 0.70 

20 

 

30600 ± 1000 291 ± 21 22.4 ± 1.30 

21 

 

25900 ± 800 173 ± 9.6 143 ± 7.8 

22 

 

25700 ± 1400 2840 ± 157 1990 ± 155 

23 

 

53.7 ± 3.1 74.7 ± 6.1  

(547 ± 25)a 

20.3 ± 1.6  

(0.48)a 

6c 

 

2120 ± 130 > 10000  

(455 ± 3)a 

1470 ± 115  

(18.5)a 

6d 

 

3340 ± 650 n.d. n.d. 

6e 

 

15600 ± 2800 n.d. n.d. 
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6f 

 

25400 ± 3800 n.d. n.d. 

24 

 

4090 ± 140 72.7 ± 5.9 15.0 ± 0.97 

25 

 

30200 ± 700 204 ± 9 19.5 ± 1.3 

26 

 

30100 ± 1600 846 ± 49 26.2 ± 1.4 

27 

 

25400 ± 1900 139 ± 11 13.7 ± 0.65 

28 

 

23700 ± 700 72.1 ± 4.6 1120 ± 70 
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29 

 

5570 ± 450 852 ± 49 18.9 ± 0.75 

30 

 

8880 ± 120 1730 ± 126 26.3 ± 0.9 

31 

 

50700 ± 1200 > 10000 30.7 ± 2.8 

32 

 

49800 ± 1100 941 ± 81 27.1 ± 2.0 

33 

 

45200 ± 1900 3700 ± 340 143 ± 10 

 
a IC50 values from literature2 

n.d. = not determined 
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Table 2. Inhibitory activities of differently substituted 4-(phthalazin-1-

yl)aminobenzenesulfonamide derivatives at human NPP3, CA-II and CA-IX 

 

Compd. R1 R2 Ki ± SEM (nM) 

   NPP3 CA-II CA-IX 

6g 

 

 29900 ± 3400 4260 ± 349 2500 ± 137 

11 

 

 74200 ± 6800 > 10000 > 10000 

15 

 

 80700 ± 9900 > 10000 > 10000 

34 

 

 20100 ± 800 73.7 ± 6.0 19.7 ± 1.0 

35 

 

 19700 ± 1100 n.d. n.d. 

36 

 

 30900 ± 1400 474 ± 38 24.5 ± 1.40 
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37   60700 ± 3500 n.d. n.d. 

38   40200 ± 2100 n.d. n.d. 

39   50900 ± 3400 n.d. n.d. 

40   35100 ± 1200 n.d. n.d. 

n.d. = not determined 

 

 

Fig. S3. Summary of the structure-activity relationships of 4-(phthalazin-1-yl)amino-

benzenesulfonamide derivatives as inhibitors of CA-II. 
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Fig. S4. Summary of the structure-activity relationships of 4-(phthalazin-1-yl)amino-

benzenesulfonamide derivatives as inhibitors of CA-IX. 
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Fig. S5. Concentration-inhibition curves of 1, 23, 31 and 34 on CA II and CA IX, respectively. 
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LC-MS data for the selected compounds: 

Compound 23: 
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Compound 6a: 
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Compound 6b: 
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Compound 6d: 
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Compound 6e: 
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Compound 6f: 
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Compound 6g: 
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Compound 11: 
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Compound 15: 
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NMR data for the selected compounds 

Compd. 17 
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Compd. 6b 
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Compd. 19 
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Compd. 20 

 

Compd. 21 

 



 

S27 
 

Compd. 22 

 

Compd. 23 
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Compd. 6c 
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Compd. 6d 

 

Compd. 6e 
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Compd. 24 

 

Compd. 25 
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Compd. 26 

 

Compd. 27 
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Compd. 28 

 

Compd. 31 
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Compd. 32 

 

Compd. 33 
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Compd. 6g 
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Compd. 11 
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Compd. 15 
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Compd. 34  
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