Supplemental Text:

Molecular modelling of the FERM, SH2 and kinase-like domains of Jaks:

For molecular modeling and graphic representation of protein structures, the programs WHAT IF
[275] and Pymol [DeLano, WL (2002) The PyMOL Molecular Graphics System. DeLano
Scientific, San Carlos, CA, USA] were used. The structure of the kinase domain of Protein
Tyrosine Kinase 2 Beta (PTK2B), Brookhaven data bank entry code 3CC6, was used as template
for the model structure of the Jak2 pseudokinase domain (amino acids 540-810). For the modelling
of the activation loop region (aa R688-R715 in Jak2) in an “in”’-conformation, the conformation of
the inactive activation loop of the insulin receptor (IR; aa T1145-P1172 ; PDB entry code 1IRK)
was chosen as a template. The modelling of the Exon12 amino acids 533-539 of Jak2 was based on
the N-terminal region of the EGFR kinase domain structure (aa 700-706; PDB code 2GS6). Energy
minimizations were performed under vacuum conditions with the GROMOS program library (W.
F. van Gunsteren, distributed by BIOMOS Biomolecular Software B.V., Laboratory of Physical
Chemistry, University of Groningen, Netherlands). The initial alignment of the pseudokinase
domain sequences of human Jakl, Jak2, Jak3 and Tyk2 with the sequences of the structurally
explored kinase domains of PTK2B, Src, FGFR and IR (PDB entry codes: 3CC6, 2PTK, 1FGK and
1IRK) was performed by the use of the BLAST program. Modifications were then introduced to
meet structural requirements derived from the known kinase structures. The sequential alignment of
the known structures is based on the superposition of their backbone coordinates. The structures of
the pseudokinase domains of Jakl and Jak3 were generated using the Jak2 model as a template.
The Swiss-Prot accession numbers for the used Jak sequences used are: NP 002218 (hJakl),
NP _004963 (hJak2), P29597 (hTyk2) and AAC50950 (hJak3). The model structure of the Jakl
FERM domain was previously described [71]. The Jak3 FERM model was based on the template of
the Jakl model. The SH2 domain model of Jakl and Jak3 are based on the crystal structure of the

C-terminal SH2 domain of SHP2 (PDB entry code 2SHP).



Supplemental table 1: Four Janus kinases transmit the signals of many cytokines.

Cytokine' Jakl Jak2 | Jak3 | Tyk2
/| IL-6
IL-11
LIF
CNTF
CT-1
CLC
NP
OSM’
IL-31
1L-27
GCSF
IL-12
1L-23
Leptin
IL-3 X
Common B chain users IL-5
GM-CSF X
GH
Cytokines signaling through < Epo
homodimeric receptors Tpo
Prolactin
IL-2
IL-4*
IL-7
1L-9
IL-15
IL-21
TSLP
IL-13, IL-4"
IFNao/B
IFNy
IL-10
IL-19
IL-20
IL-22
1L-24
IL-26°
1L-28A/B
\_ | IL-29
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! The classification of cytokines is based on their receptor complexes.

2 Of the three Jaks activated by IL-6-type cytokines, only Jak1 seems to be crucial.

3 The murine OSM receptor, unlike the human one, strongly binds Jak2 [12].

4 Two receptor complexes with different tissue distribution mediate signalling of IL-4.

5 Predictions were made based on the composition of the respective receptor complexes if the involvement of Jaks
has not yet been fully elucidated, (e. g. for IL-26).

Abbreviations: CLC, cardiotrophin-like cytokine; CNTF, ciliary neurotrophic factor; CT, cardiotrophin; GCSF,

granulocyte colony stimulating factor; Epo, Erythropoietin, GH, growth hormone; IFN, interferon; IL, interleukin; LIF,

leukemia inhibitory factor; NP, neuropoietin; OSM, oncostatin M; Tpo, trombopoietin; TSLP, thymic stromal

lymphopoietin
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Supplemental figure 1: Non-conserved residues around the ATP- and substrate binding sites.

A: Non-conserved residues in the kinase domains of Jak1, Jak2 and Jak3 that may be exploited for the design of more
specific Jak inhibitors (PDB entry codes for the structures: 3EYG, 2B7A and 1yvj). An overlay of Jak1, Jak2 and Jak3
kinase domain structures is shown and the three kinase domains are shown separately. The Jak1 residues are
highlighted in yellow, the Jak2 residues in green and the Jak3 residues in turquoise. The JSI region is highlighted by a
red frame. The kinase inhibitors are depicted as stick models. Jak1: MI1; CP-690550; 3-{(3R,4R)-4-methyl-3-
[methyl(7H-pyrrolo[2,3-D]pyrimidin-4-YL)-amino]-piperidin-1-YL}-3-oxopropanenitrile, Jak2: 1ZA; CMP6; 2-tert-butyl-9-
fluoro-3,6-dihydro-7H-benz[H]-imidaz[4, 5-Fl-isoquinoline-7-one, Jak3: 4ST; AFN941; 1,2,3,4-tetrahydrogen-
staurosporine. B: Table with the selected non-conserved residues in the kinase domains of Jak1. Jak2. Jak3 and Tvk2.
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Supplemental figure 2: Chemical Structures of Jak kinase inhibitors acting in the nanomolar
range. The measured or approximated IC,, values for Jak inhibition, Phospho STAT inhibition or
growth inhibition are also indicated.



3A

FERM domain

hJAK1 (1) :
hJAK2 (1) :
hJAK3 (1) :
hTYK2 (1) :
FAK (31):
MOE (1):
RAD (1):
MER (1):

hJAK1 (72):
hJAK2 (79):
hJAK3 (65):
hTYK2 (68):

FAK
MOE
RAD
MER

hJAK1 (147) :
hJAK2 (141) :
hJAK3 (128) :
hTYK2 (141) :

FAK
MOE
RAD
MER

hJAKI1 (223) :
hJAK2 (212) :
hJAK3 (197) :
hTYK2 (217) :

FAK
MOE
RAD
MER

hJAK1 (303) :
hJAK2 (278) :
hJAK3 (263) :
hTYK2 (298) :

FAK
MOE
RAD
MER

hJAKI1 (376) :
hJAK2 (327) :
hJ2K3 (302) :
hTYK2 (384) :

FAK
MOE
RAD
MER

[F1
.MOQYLNIKEDCNAMAFCAKMRSSKKTEVNLEAPEPGVEVIFYLS......... DREPLRLGSGEYTAEELCIRAAQACRIS

MGMACLTMTEMEGTSTSSIYQNGDISGNANSMKQIDPVLQVYLYHSLGKS. . ... EADYLTFPSGEYVAEEICIAASKACGIT

............. MAPPSEETPLIPQRSCSLLSTEAGALHVLLPARAPG. . ... .PPQRLSFSFGDHLAEDLCVQAAKASGIL
........... MPLRHWGMARGSKPVGDGAQPMAAMGGLKVLLHWAGPGG. . . . .GEPWVTFSESSLTAEEVCIHIAHKVGIT
.................................. GAMERVLKVFHYFENSSEPTTWASIIRHGDA . TDVRGIIQKIVDCHKVK
.................................. MPKTISVRVTTM. .......DAELEFAIQPN. TTGKQLFDQVVKTIGLR
.................................. MPKPINVRVTTM. .......DAELEFAIQPN. TTGKQLFDQVVKTVGLR
................. MAGAIASRMSFSSLKRKQPKTFTVRIVTM. . ......DAEMEFNCEMK.WKGKDLFDLVCRTLGLR

162V

Fl] insertion 1
PLCHNLFALYDENT. . . KLWYAPNRTITVDDKM. ....... SLRLHYRMRFYFTNWHGTNDNEQSVWRHSPKKQKNGYEKKKIPDA
PVYHNMFALMSETE. . .RIWYPPNHVFHIDEST........ RHNVLYRIRFYFPRWYCSG. . SNRAYRHGIS.......... RGAE
PVYHSLFALATEDL. . . SCWFPPSHIFSVEDAS........ TQVLLYRIRFYFPNWFGLE. .KCHRFGLR.......... KDLA
PPCEFNLFALFDAQA. . .QVWLPPNHILEIPRDA........ SLMLYFRIRFYFRNWHGMNPREPAVYRCGPPGTEASSDQ . TAQG
NVAC. YGLRLSHLQSEEVHWLHLDMGVSNVREKFELAHPPEEWKYELRIRYLPK. . . . . . . .ttt ittt i it iiieeennnnn GFL
EVWF . FGLQYQDTK . GFSTWLKLNKKVTAQD .VRKES . .. . PLLFKFRAKFYPE . . . . ..t ittt ittt ittt eannnnn DVs
EVWF . FGLQYVDSK.GYSTWLKLNKKVTQQD .VKKEN. . . . PLOQFKFRAKFEFPE . . . . . ..ttt t ittt ieeeeneeannnns DVS
ETWF.FGLQYT.IK.DTVAWLKMDKKVLDHD .VSKEE. .. . PVTFHFLAKFE Y PE . . . . . . ittt ittt it et e e e annnnn NAE

I87T

[F2 insertion 2

TPLL.DASSLEYLFAQGQYDLVKCLA . PIRDPKTEQDGHDIENECLGMAVLAISHYAMMKKMQLPELPKDISYK. . ... .. RYIP
APLL.DDFVMSYLFAQWRHDFVHGWI .KVP. ... .. VTHETQEECLGMAVLDMMRIAKENDQTPLATIYNSISYK....... TFLP
SAIL.DLPVLEHLFAQHRSDLVSGRL.PVG...... LSLKEQGECLSLAVLDLARMAREQAQRPGELLKTVSYK....... ACLP
MQLL.DPASFEYLFEQGKHEFVNDVA . SLWELSTEEEIHHFKNESLGMAFLHLCHLALRHGIPLEEVAKKTSFK....... DCIP
NQFTEDKPTLNFFYQQVKNDYMLEIADQVD........... QEIALKLGCLEIRRSYGEMRGNALEKKSNYEVLEKDVGLRRFFP
EELI.QDITQRLFFLQVKEGILNDDIYCP............ PETAVLLASYAVQSKYGDFNKEVHK. . SGYLAG. ..... DKLLP
EELI.QEITQRLFFLQVKEAILNDEIYCP............ PETAVLLASYAVQAKYGDYNKEIHK. .PGYLAN...... DRLLP
EELV.QEITQHLFFLQVKKQILDEKIYCP............ PEASVLLASYAVQAKYGDYDPSVHK. .RGFLAQ...... EELLP

P132T P151R+ K204M

F2] [F3 insertion 3
ETLNKSIRQRNLLTRMRINNVEFKDFLKEFNNKTICDSSVSTHDLKVKYLATLETLTKHYGAEIFETSMLLISSENEMNWEF . .. ...
KCIRAKIQDYHILTRKRIRYRFRRFIQQFSQ. .. .. CKATARNLKLKYLINLETLQSAFYTEKFEVKEPGS...............
PSLRDLIQGLSFVTRRATRRTVRRALPRVAA. . ... CQADRHSIMAKYIMDLERLDPAGAAETFHVGLPGA. ..............
RSFRRHIRQHSALTRLRLRNVFRRFLRDFQP. . ... GRLSQOMVMVKYLATLERLAPRFGTERVPVCHLRLLAQAEGEPCYIRDSG
KSLLDS...... VKAKTLRKLIQQTFRQFAN. ...... LNREESILKFFEILSPVYR.FDKECFKCALGSS. .. ... ccvvvun...
QRVLEQ. . . . HKLNKDQWEERIQVWHEEHRG. . ... .. MLREDAVLEYLKIAQDLEM.YGVNYFSIKNK. ........covuuu..
QRVLEQ. . . . HKLTKEQWEERIQNWHEEHRG. . ... .. MLREDSMMEYLKIAQDLEM.YGVNYFEIKNK. .. .... ..ot
KRVINL. .. .YOMTPEMWEERITAWYAEHRG. ...... RARDEAEMEYLKIAQDLEM.YGVNYFAIRNK. .........c000...

insertion 4
...... HSNDGGNVLYYEVMVTGNLGIQWRHKPNVVSVEKEKNKLK. . . . . . RKKLE . NKDKKDEEKNKIREEWNNFSFFPEITHI
........ GPSGEEIFATIIITGNGGIQWSRG............ccvveceeeeee......KHKESETLTEQDLQLYCDFPNIIDV
........ LGGHHDGLGLLRVAGDGGIAWTQG. . . . . v ettt vt v ietencnecenceneense.. ... .EQEVLOQPFCDFPEIVDI
VAPTDPGPESAAGPPTHEVLVTGTGGIQWWPVEEEVNKEEGS SGSSGRNPQASLFGKKAKAHKAFGQPADRPREPLWAYFCDFRDI
............ WIISVELAIGPEEGISYLT........ ..ttt eueeaeaaeaaeensnn....DKGANPTHLADFNQVQTI
............ KGSELWLGVDAL.GINIYEQ. .........ccccteeeeeeeceaceeaeeo....NDRLTPKIGFPWSEIRNI
............ KGTELWLGVDAL.GLNIYEH.............c.vtveteeeeeeeneen....DDKLTPKIGFPWNSEIRNI
............ KGTELLLGVDAL.GLHIYDP..........c.cetveteueencencences....ENRLTPKISFPWNEIRNI

G363S R360W

F3]
VIKE.......... SVVSINKQD. .NKKMELKLSSHEEALSFVSLVDGYFRLTADAHHYLCTDVAPPLIVHNI (436)

SIKQANQEGSNES .RVVTIHKQD. . GKNLEIELSSLREALSFVSLIDGYYRLTADAHHYLCKEVAPPAVLENI (396)
SIKQAPRVGPAGEHRLVTVTRTD. .NQILEAEFPGLPEALSFVALVDGYFRLTTDSQHFFCKEVAPPRLLEEV (372)
THVVLKE. ...... HCVSIHRQD. .NKCLELSLPSRAAALSFVSLVDGYFRLTADSSHYLCHEVAPPRLVMSI (447)
QYSNSED. . . KDRKGMLQLKIAG.APEPLTVTAPSLTIAENMADLIDGYCRLVNGATQSFIIRPQKEGERALP (371)
SFND.......... KKFVIKPIDKKAPDFVFYAPRLRINKRILALCMGNHELYMRRRKP. ............. (297)
SFND.......... KKFVIKPIDKKAPDFVFYAPRLRINKRILALCMGNHELYMRRRKP. ............. (297)



3B

SH2 domain

hJAK1 (437) : ONGCHGPICTEYAINKLRQEGSEEGMYVLRWSCTDFDNILMTVTCFEKSEQVQGAQK
hJAK2 (397) : QSNCHGPISMDFAISKLKKAGNQTGLYVLRCSPKDFNKYFLTFAVERENVI......
hJAK3 (373) : AEQCHGPITLDFAINKLKTGGSRPGSYVLRRSPQDFDSFLLTVCVQONPLGP......
hTYK2 (448) : RDGIHGPLLEPFVQAKLRPE. . .DGLYLIHWSTSHPYRLILTVAQRSQAPDGMQSL.
PLC (666) : KEWYHASLTRAQAEHMLMRVPR.DGAFLVRKRNEP .NSYAISFRAEG. .........
P85aC(622) : KTWNVGSSNRNKAENLLRGKR. .DGTFLVRESSKQ.GCYACSVVVDG..........
SHP2C(110) : ERWFHGHLSGKEAEKLLTEKGK .HGSFLVRESQSHPGDFVLSVRTGDDKGESNDGKS
BAbl (144): HSWYHGPVSRNAAEYLLSSGI..NGSFLVRESESSPGQRSISLRYEG..........
T478S
BD BE BF aB BG BH
hJAK1 (494) : QFKNFQIEVQK.GRYSLHGSDRSFPSLGDLMSHLKKQILRT .DNISFM. . . LKRCCQPKPREISNLLVATKKAQEWQPVYPM. ......
hJAK2 (448) : EYKHCLITKNENEEYNLSGTKKNFSSLKDLLNCYQMETVRS.DNIIFQ. ..FTKCCPPKPKDKSNLLVFRTNGVSDVPTSPTLQRPTHM
hJAK3 (424) : DYKGCLIRRSPTGTFLLVGLSRPHSSLRELLATCWDGGLHV.DGVAVT. . . LTSCCIPRPKEKSNLIVVQRGHSPPTSSLVQPQSQYQL
hTYK2 (501) : RLRKFPIEQQD.GAFVLEGWGRSFPSVRELGAALQGCLLRA.GDDCFS. ..LRRCCLPQPGETSNLIIMRGAR. ... ............
PLC : KIKHCRVQQEG.QTVML. .GNSEFDSLVDLISYYEKHPL....... YRKMKLRYPIN (757)
P85aC EVKHCVINKTA.TGYGFAEPYNLYSSLKELVLHYQHTSLVQ.HNDSLNV.TLAYPVY (719)
SHP2C KVTHVMIRCQE . LKYDV.GGGERFDSLTDLVEHYKKNPMVETLGTVLQ. . .LKQPLN (217)
BAbl RVYHYRINTASDGKLYV.SSESREFNTLAELVHHHSTVA. ... .. DGLIT.TLHYPAP (237)
P434R S512L Q501H+
Pseudokinase domain
oB B1 B2 B3 aC
hJakl (571) : SQLSFDRILKKDLVQGEHLGRGTRTHIYSGTLMDYKDDEGTSE.............. EKKIKVILKVLDP.SHRDISLAFFEAAS
hJak2 (533) : NOMVFHKIRNEDLIFNESLGQGTFTKIFKGVRREVGDYGQ. ..........0uv... LHETEVLLKVLDK.AHRNYSESFFEAAS
hJak3(509) : SQMTFHKIPADSLEWHENLGHGSFTKIYRGCRHEVVDGE. . .........000v... ARKTEVLLKVMDA . KHKNCMESFLEAAS
hTyk2 (577) : ASLSFHRVDQKEITQLSHLGQGTRTNVYEGRLRVEGSGDPEEGKMDDEDPLVPGRDRGQELRVVLKVLDP.SHHDIALAFYETAS
Ptk2B(415) : ..GPQYGIAREDVVLNRILGEGFFGEVYEGVYTNHK. ..........c0vvunn.. GEKINVAVKTCKKDCTLDNKEKFMSEAV
SRC (258) : LAKDAWEIPRESLRLEVKLGQGCEGEVWMGTW. . . . .ttt v it e et eeenneennnn NGTTRVAIKTLKP. .GTMSPEAFLQEAQ
FGFR (464) : PEDPRWELPRDRLVLGKPLGEGCFGQVVLAEAIGLDKDKP. ................ NRVTKVAVKMLKSDATEKDLSDLISEME
IR (1047): FVPDEWEVSREKITLLRELGQGSFGMVYEGNARDIIKG. .........000vueunn. EAETRVAVKTVNESASLRERIEFLNEAS
EGFR (700) : NQALLRILKETEFKKIKVLGSGAFGTVYKG (730) A572V
Exonl2mutants V623A A634D
M5111 L624 R629>W A573V
aC pa B5 oD oE
hJakl (639) : MMRQVS.HKHIVYLYGVCVRDVENIMVEEFVEGGPLDLFMHRKS. .............. DVLTTPWKFKVAKQLASALSYLEDK
hJak2 (598) : MMSKLS.HKHLVLNYGVCVCGDENILVQEFVKFGSLDTYLKKNK. . ............. NCINILWKLEVAKQLAWAMHFLEEN
hJak3(573) : LMSQVS.YRHLVLLHGVCMAGD .STMVQEFVHLGAIDMYLRKRG. .............. HLVPASWKLQVVKQLAYALNYLEDK
hTyk2 (659) : LMSQVS.HTHLAFVHGVCVRGPENSMVTEYVEHGPLDVWLRRER. . ............. GHVPMAWKMVVAQQLASALSYLENK
Ptk2B IMKNLD.HPHIVKLIGIIEEE.PTWIIMELYPYGELGHYLERNK. .............. NSLKVLTLVLYSLQICKAMAYLESI
SRC VMKKLR . HEKLVQLYAVVSEE . PIYIVTEYMSKGSLLDFLKGETG. . . . . ... ...... KYLRLPQLVDMAAQIASGMAYVERM
FGFR MMKMIGKHKNIINLLGACTQDGPLYVIVEYASKGNLREYLQARRPPGLEYCYNPSHNPEEQLSSKDLVSCAYQVARGMEYLASK
IR VMKGFTCH . HVVRLLGVVSKGQPTLVVMELMAHGDLKSYLRSLRPEAENNPGR. . . . .. PPPTLQEMIQMAAETADGMAYLNAK
S646F L653F V658F
Exonldmutants
M576L A593T
oF P6 p7 oG oH ol oJ
hJakl (708) : KDLVHGNVCTKNLLLAREG.IDSECGPFIKLSDPGIPITVLSRQE.CIERIPWIAPECVEDSKNL.SVAADKWSFGTTLWEICYN
hJak2 (667) : NTLIHGNVCAKNILLIREEDRRTGNPPFIKLSDPGISITVLPKDI .LQERIPWVPPECIENPKNL .NLATDKWSFGTTLWEICSG
hJak3(641) : KGLPHGNVSARKVLLARE. .GADGSPPFIKLSDPGVSPAVLSLEM. LTDRIPWVAPECLREAQTL . SLEADKWGFGATVWEVFSG
hTyk2 (728) : KNLVHGNVCGRNILLARLG.LAEGTSPFIKLSDPGVGLGALSREE . RVERIPWLAPECLPGGANSLSTAMDKWGFGATLLEICFD
Ptk2B : INCVHRDIAVRNILVASP. .ECVKLGDFGLSRYI.EDEDYYKASV.TRLPIKWMSPESINFRRF. . TTASDVWMFAVCMWEILSF
SRC MNYVHRDLRAANILVGEN. . LVCKVADFGLARLI . EDNEYTARQG . AKFPTIKWTAPEAALYGRF . . TIKSDVWSFGILLTELTTK
FGFR KKCIHRDLAARNVLVTED. . NVMKIADFGLARDTI . HHIDYYKKTTNGRLPVKWMAPEALFDRIY. . THQSDVWSFGVLLWEIFTL
IR KKFVHRDLAARNCMVAHD . . FTVKIGDFGMTRDI . YETDYYRKGGKGLLPVRWMAPESLKDGVF . . TTSSDMWSFGVVLWEITSL
R724H L783F
Exonlémut
R657Q+
oK oL oM oN
hJakl (790) : GEIPLKDKTLIEKERFYESRCRPVTPS. .CKELADLMTRCMNYDPNQRPFFRAIMRDINKLEEQNPDIVSRKKNQPTE. .............
hJak2 (750) : GDKPLSALDSQRKLQFYEDRHQLPAPK. .WAELANLINNCMDYEPDFRPSFRAIIRDLNSLFTPDYELLTENDMLPNMRIGALGFSGAFED.
hJak3(722) : VIMPISALDPAKKLQFYEDRQQLPAPK. .WTELALLIQQCMAYEPVQRPSFRAVIRDLNSLISSDYELLSDPTPGALAPRDGLWNGAQLYAC
hTyk2 (811) : GEAPLQSRSPSEKEHFYQRQHRLPEPS. .CPQLATLTSQCLTYEPTQRPSFRTILRDLTRVQPHNLADVLTVNRDSPA. .............
Ptk2B GKQPFFWLENKDVIGVLEKGDRLPKPDLCPPVLYTLMTRCWDYDPSDRPRFTELVCSLSDVYQMEKDIAME (692)
SRC GRVPYPGMVNREVLDQVERGYRMPCPPECPESLHDLMCQCWRKEPEERPTFEYLQAFLEDYFT........ (524)
FGFR GGSPYPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRIVAL. ... ... (758)
IR AEQPYQGLSNEQVLKFVMDGGYLDQPDNCPERVTDLMRMCWQFNPKMRPTFLEIVNLLKDDLHP. ... ... (1322)

V7221



3C

Kinase domain

3a Bl B2 B3 aC B4

hJakl (865) : VDPTHFEKRFLKRIRDLGEGHFGKVELCRYDPED. .. .NTGEQVAVKSLKPESGGNHIADLKKEIEILRNL.YHENIVKYKGICTED
hJak2 (839) : RDPTQFEERHLKFLQQLGKGNFGSVEMCRYDPLQD. . .NIGEVVAVKKLQH.STEEHLRDFEREIEILKSL.QHDNIVKYKGVCYSA
hJak3(812) : QDPTIFEERHLKYISQLGKGNFGSVELCRYDPLAH. ..NTGALVAVKQLQH.SGPDQQRDFQREIQILKAL .HSDFIVKYRGVSYGP
hTyk2 (887) : SDPTVFHKRYLKKIRDLGEGHFGKVSLYCYDPTND. ..GTGEMVAVKALKADCGPQHRSGWKQEIDILRTL.YHEHIIKYKGCCEDQ
Ptk2B(415) : GPQYGIAREDVVLNRILGEGFFGEVYEGVYTNHK. .. .GEKINVAVKTCKKDCTLDNKEKFMSEAVIMKNL .DHPHIVKLIGIIEEE
SRC (260) : KDAWEIPRESLRLEVKLGQGCFGEVWMGTW........ NGTTRVAIKTLKP. . GTMSPEAFLQEAQVMKKL . RHEKLVQLYAVVSEE
FGFR (466) : DPRWELPRDRLVLGKPLGEGCFGQVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNIINLLGACTQD
IR (1049) : PDEWEVSREKITLLRELGQGSFGMVYEGNARDIIKG..EAETRVAVKTVNESASLRERIEFLNEASVMKGFTCH.HVVRLLGVVSKG
R879C/H/S R867Q D873N T875N

p5 oD oE peé 3B B7 B8
hJakl (948) : GGNGIKLIMEFLPSGSLKEYLPKNK............... NKINLKQQLKYAVQICKGMDYLGSRQYVHRDLAARNVLVESEHQVKI
hJak2 (921) : GRRNLKLIMEYLPYGSLRDYLQKHK............... ERIDHIKLLQYTSQICKGMEYLGTKRYIHRDLATRNILVENENRVKI
hJak3(894) : GRPELRLVMEYLPSGCLRDFLQRHR............... ARLDASRLLLYSSQICKGMEYLGSRRCVHRDLAARNILVESEAHVKI
hTyk2 (970) : GEKSLQLVMEYVPLGSLRDYLPR.........00vu.n.. HSIGLAQLLLFAQQICEGMAYLHAQHYIHRDLAARNVLLDNDRLVKI
Ptk2B : ...PTWIIMELYPYGELGHYLERNK............... NSLKVLTLVLYSLQICKAMAYLESINCVHRDIAVRNILVASPECVKL
SRC : ...PIYIVTEYMSKGSLLDFLKGETG.............. KYLRLPQLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKV
FGFR ¢ . .GPLYVIVEYASKGNLREYLQARRPPGLEYCYNPSHNPEEQLSSKDLVSCAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKI
IR ¢ . .QPTLVVMELMAHGDLKSYLRSLRPEAENNPGR. . .... PPPTLQEMIQMAAETIADGMAYLNAKKFVHRDLAARNCMVAHDFTVKI

P933R 2851-3442del592
B9 B1o aF P11 oG 3C oH

hJakl (1020) : GDFGLTKAIETDKEYYTVKDDRDSPVFWYAPECLMQSKFYIASDVWSFGVTLHELLTYCDSDSSPMALFLKMIGPTH.
hJak2 (992) : GDFGLTKVLPQDKEYYKVKEPGESPIFWYAPESLTESKFSVASDVWSFGVVLYELFTYIEKSKSPPAEFMRMIGNDKQ
hJak3(966) : ADFGLAKLLPLDKDYYVVREPGQSPIFWYAPESLSDNIFSRQSDVWSFGVVLYELFTYCDKSCSPSAEFLRMMGCER.
hTyk2 (1040) : GDFGLAKAVPEGHEYYRVREDGDSPVFWYAPECLKEYKFYYASDVWSFGVTLYELLTHCDSSQSPPTKFLELIGIAQ.

Ptk2B : GDFGLSRYI.EDEDYYKASV.TRLPIKWMSPESINFRRFTTASDVWMFAVCMWEILSFGKQPF...............

SRC : ADFGLARLI.EDNEYTARQG.AKFPIKWTAPEAALYGRFTIKSDVWSFGILLTELTTKGRVPY...............

FGFR : ADFGLARDI.HHIDYYKKTTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSPY...............

IR : GDFGMTRDI.YETDYYRKGGKGLLPVRWMAPESLKDGVFTTSSDMWSFGVVLWEITSLAEQPY. .. ... ...
al o 13) 3D aK

hJakl (1097) : GOQMTVTRLVNTLKEGKRLPCPPNCPDEVYQLMRKCWEFQPSNRTSFQNLIEGFEALLK (1154)

hJak2 (1071) : GOMIVFHLIELLKNNGRLPRPDGCPDEIYMIMTECWNNNVNQRPSFRDLALRVDQIRDNMAG (1132)
hJak3(1043) : DVPALCRLLELLEEGQRLPAPPACPAEVHELMKLCWAPSPQDRPSFSALGPQLDMLWSGSRGCETHAFTAHPEGKHHSLSFS (1124)
hTyk2 (1117) : GQMTVLRLTELLERGERLPRPDKCPCEVYHLMKNCWETEASFRPTFENLIPILKTVHEKYQGQAPSVFSVC (1187)

Ptk2B : FWLENKDVIGVLEKGDRLPKPDLCPPVLYTLMTRCWDYDPSDRPRFTELVCSLSDVYQM (685)
SRC : PGMVNREVLDQVERGYRMPCPPECPESLHDLMCQCWRKEPEERPTFEYLQAFLEDYFT. (524)
FGFR : PGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRIVAL (758)
IR ¢ QGLSNEQVLKFVMDGGYLDQPDNCPERVTDLMRMCWQFNPKMRPTFLEIVNLLKDDLHP (1322)

Supplemental figure 3: Sequence alignment of full length Jak1, Jak2 Jak3 and Tyk2 with sequences of
structurally explored FERM, SH2 and kinase domains. Residues which are conserved in all the Jaks and in
three of four reference sequences are indicated in red. Residues that are rather conserved in only the Janus
kinases are indicated in blue. Residues for which mutations have been identified in patients with haematologic
diseases are highlighted in yellow (Jak1), green (Jak2), turquoise (Jak3) and grey (Tyk2) and the corresponding
mutations are indicated below the sequences. Due to the large number of exon 12, exon 14 and exon 16
mutations identified in Jak2, these mutations are not specifically named (please refer to Table 1 in the main
document). Mutation which were only found in combination with another mutation are followed by a “+” sign.
Regions which are subject to deletions and/or insertions are underlined. An initial alignment was performed
using the BLAST program and modifications were subsequently introduced to meet the structural requirements
derived from the known reference structures. Accession numbers for the used Jak sequences used are:
NP_002218 (hdak1), NP_004963 (hJak2), AAC50950 (hJak3) and P29597 (hTyk2). A: reference sequences and
structures for the FERM domain are from focal adhesion kinase (FAK; PDB code: 2AL6), radixin (RAD, PDB
code: 1GC7), moesin (MOE, PDB code: 1EF1 ) and merlin (MER; PDB code: 1H4R). The FERM subdomains F1
to F3 are indicated above the sequences. B: Reference sequences and structures for the SH2 domains are from
phospholipase Cy (PLC, PDB code: 2PLD), the C-terminal SH2 domain of the p85 alpha subunit of
phosphoinositide 3-kinase (P85aC; PDB code: 1BFJ), the C-terminal SH2 domain of SHP2 (SHP2C; PDB code:
2SHP) and Bcr-Abl (BAbI, PDB code: 2ABL). Secondary structure elements for SHP2C are given. Reference
sequences and structures for the pseudokinase domain were from the following kinases: protein tyrosine kinase
2 beta (Ptk2B; PDB code: 3CCB6), c-Src (SRC, PDB code: 1FMK), fibroblast growth factor receptor (FGFR; PDB
code: 1FGK) and insulin receptor (IR; PDB code: 1IR3). The 30 amino acid sequence from the epidermal growth
factor receptor (EGFR; PBD code: 1m17) and the corresponding structure served as template for the modelling
of the N-terminal parts of the Jak pseudokinase domains (e.g. exon 12 region in Jak2). Secondary structure
elements are given above the sequence. C: Reference sequences and structures were the same as used for the
pseudokinase sequence alignment. Secondary structure elements for the Jak2 kinase domain are indicated
above the sequence (a: alpha helix; B: beta strand; 3: 3/10 helix).
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Supplemental figure 4: Predicted location of Jak mutations within the FERM and SH2 domains of
Jak1 and Jak3. The Jak1 and Jak3 residues for which mutants have been reported in patients are
represented as yellow or turquoise stick models and Van-der-Waals radii are shown as spheres. Mutants
for which an activating effect has been shown are underlined. Residues L49, G62 and L64 on both sides
of the Jak3-F1a-helix which can be contacted by P132 and 187 are represented in orange. The potential
phosphotyrosine binding pocket of Jak1 is highlighted in red.
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Supplemental figure 5. Model structures of the Jak1, Jak2, and Jak3 pseudokinase domains highlighting

mutations with biochemically validated activating effects (see table 1). Residues for which activating point
mutations were reported in patients are represented as yellow (Jak1), green (Jak2) or turquoise (Jak3) stick
models with spheres indicating the Van-der-Waals radii of atoms. Regions carrying insertions and/or deletions
are indicated by a coloured backbone without stick models (black frames). The proposed Jak2 structural
mutation hotspots | and Il are highlighted in red.
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Supplemental figure 6. Model structures of the Jak1, Jak2, and Jak3 pseudokinase domains highlighting

all reported mutations (biochemically validated and non-validated; table 1). Residues for which point
mutations were reported in patients are represented as yellow (Jak1), green (Jak2) or turquoise (Jak3) stick
models with spheres indicating the Van-der-Waals radii of atoms. Regions carrying insertions (ins) and/or
deletions (del) are indicated by a coloured backbone without stick models. Please refer to table 1 for the detailed
denomination of the different insertions and/or deletions in Jak2 exons 12 and 16. The proposed structural
mutation hotspots | and Il are highlighted in red.
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Supplemental figure 7. Crystal structures of the Jak1, Jak2, and Jak3 kinase domains highlighting all
reported mutations (PDB entry codes 3EYG, 2B7A and 1yvj, respectively). An overlay of Jak1, Jak2 and
Jak3 kinase domain structures is shown and the three kinase domains are shows separately. Residues for which
point mutations were reported in patients are represented as yellow (Jak1) or green (Jak2) stick models with
spheres indicating the Van-der-Waals radii of atoms. The activation loops of the three Jaks are highlighted in the
overlay representation by a dashed box. The phosphotyrosine residues within the activation loop of the kinases
are represented as dotted spheres.
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