HeMoQuest: A webserver for qualitative prediction of transient heme binding to protein motifs
Ajay Abisheck Paul George1, Mauricio Lacerda1, Benjamin Franz Syllwasschy1, Marie-Thérèse Hopp1, Amelie Wißbrock1, and Diana Imhof1,*
1Pharmaceutical Biochemistry and Bioanalytics, Pharmaceutical Institute, An der Immenburg 4, University of Bonn, 53121 Bonn, Germany  
*To whom correspondence should be addressed: Diana Imhof (Email: dimhof@uni-bonn.de).

Additional information
Additional Table 1. Human heme-regulated proteins and reported heme-binding sites
	[bookmark: _GoBack]Number
	Protein
	Origin
	Published heme-binding sites
	References
	HeMoQuest
Prediction*
	Comment

	1
	δ-aminolevulinic acid synthase 1 (ALAS1)
	R. norvegicus/ H. sapiens
	RC8PFLS
NC33PKMM
KC108PFLA
	[1–3]
	All published sites correctly predicted.
	CP motifs missed in the WESA mode.

	2
	δ-aminolevulinic acid synthase 2 (ALAS2)
	M. musculus/ H. sapiens
	C11PVLA
C38PILA
	[1, 4]
	All published sites correctly predicted.
	CP motifs missed in the WESA mode

	3
	Amyloid β
	H. sapiens/ rodents
	Y10EVH13H14
	[5–9]
	Published site correctly predicted.
	Used as training data.

	4
	Arginyl-Transferase (ATE1)
	M. musculus/ S. cerevisiae
	HSC411P
	[10]
	Published site correctly predicted.
	CP motifs missed in the WESA mode.

	5
	Arginyl-tRNA-Synthetase (ArgRS)
	H. sapiens
	QC115NSAM
	[11]
	All published sites correctly predicted.
	-

	6
	Bach1
	M. musculus
	EC438PWLG
NC464PFIS
PCP495YAC
DC649PLSF
	[12–15]
	All published sites correctly predicted.
	CP motifs missed in the WESA mode.

	7
	Bach2
	H. sapiens
	C369P
C499P
C506P
	[16–18]
	All published sites correctly predicted.
	CP motifs C499P
C506P missed and C369P predicted correctly in WESA mode.

	8
	BK channel
	H. sapiens
	C612XXCH616



	[19–23]
	Published sites correctly predicted.
	-

	9
	C1q
	H. sapiens
	not known
	[24, 25]
	Up to 6 potential motifs predicted
	-

	10
	C3(a/b)
	H. sapiens
	not known
	[26]
	20 potential motifs predicted
	-

	11
	CLOCK
	M. musculus
	H144
C195
	[27]
	All published sites correctly predicted.
	-

	12
	Cystathionine-β-synthase (CBS)
	H. sapiens
	C15PHRSGPH
C52
H65
	[28–31]
	All published sites correctly predicted.
	-

	13
	DiGeorge critical region 8 (DGCR8)
	H. sapiens
	IPC352L (from two subunits)
	[32–34]
	All published sites correctly predicted.
	-

	14
	Dipeptidyl peptidase 8 (DPP8)
	H. sapiens
	SDFKC506PIKE
	[35]
	All published sites correctly predicted.
	-

	15
	Eukaryotic translation initiation factor 2a kinase 1 (eIF2α, HRI)
	M. musculus
	AC167PYVM
RC309PVQA
	[36–38]
	All published sites correctly predicted.
	-

	16
	Anti-hemophilic factor (Factor VIII)
	H. sapiens
	not known
	[39, 40]
	99 potential motifs predicted.
	WESA could not be applied since the sequence is over 2000 residues.

	17
	Fibrinogen (Factor I)
	H. sapiens
	not known
	[41, 42]
	12 potential motifs predicted.
	-

	18
	Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
	H. sapiens
	not known
	[43–47]
	3 potential motifs predicted.
	-

	19
	Heme oxygenase 2
	R. norvegicus/ H. sapiens
	XH45X
KC265PFYA (+H256)
SC282PFRT
	[48–51]
	All published sites correctly predicted.
	-

	20
	Human period circadian protein homolog 2 (hPer2)
	H. sapiens
	SC841PA
AC962PA
	[52]
	All published sites correctly predicted.
	-

	21
	Immunoglobin (IgG)
	H. sapiens
	not known
	[53]
	8 potential sites predicted.
	-

	22
	Interleukin-36α
	H. sapiens
	SEGGC136PLIL
FLFY108HSQSG
	[54]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	23
	Iron regulatory protein 1 (IRP1)
	H. sapiens
	C118P
C300P
	[55, 56]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	24
	Iron regulatory protein 2 (IRP2)
	H. sapiens
	C201PXH204XXXXP
C375P
	[55–58]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	25
	Janus kinase 2 (JAK2)
	H. sapiens
	RPDGC1094PDEI
	[59]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	26
	KATP channels
	R. norvegicus
	C628XXH(X)16H648
	[60]
	All published sites correctly predicted.
	-

	27
	Neudesin
	M. musculus
	not known
	[61]
	Up to 5 potential motifs predicted.
	-

	28
	Neuferricin
	M. musculus
	not known
	[62]
	6 potential motifs predicted.
	-

	29
	NMDA Receptor
	M. musculus
	not known
	[63, 64]
	33 potential motifs predicted.
	-

	30
	p53
	H. sapiens
	C275AC277P
	[65, 66]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	31
	p63
	H. sapiens
	CXCP
	[65]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	32
	p73
	H. sapiens
	CXCP
	[65]
	All published sites correctly predicted.
	CP motifs missed by WESA mode.

	33
	PGRMC1/Sigma-2 receptor
	H. sapiens
	YGPEGPY113GVFA
	[67, 68]
	All published sites correctly predicted.
	-

	34
	Rev-erbα
	H. sapiens
	H602
	[69–71]
	All published sites correctly predicted.
	-

	35
	Rev-erbβ
	H. sapiens
	C384
H568
	[70, 72–75]
	All published sites correctly predicted.
	-

	36
	Src
	H. sapiens
	not known (CP motif presumed)
	[59]
	Five potential motifs predicted.
	Predicted CP motif C486P.

	37
	Stanniocalcin-1
	H. sapiens
	RC114STFQ
	[76]
	All published sites correctly predicted.
	-

	38
	Stanniocalcin-2
	H. sapiens
	SRKC125PAIREM
	[77]
	All published sites correctly predicted.
	-

	39
	Toll like Receptor 4 (TLR4)
	H. sapiens
	not known
	[78]
	13 potential sites predicted.
	-

	40
	Tryptophanyl-tRNA-Synthetase
	H. sapiens
	H130
(H129, H336, H445 presumed)
	[79]
	All published sites correctly predicted.
	-


*Sometimes, more potential binding sites than the reported ones were found.

Additional Table 2. Peptides sequences and binding data used for the initial training of HeMoQuest
	Number
	Sequence*
	KD [µM]
	Reference

	1
	RAFFYCKAC
	0.28 ± 0.09
	[80]

	2
	AFFYCKACH
	0.39 ± 0.09
	[80]

	3
	AESFCTNQD
	2.23 ± 1.86†
	[81]

	4
	KWEDCVFDS
	1.78 ± 0.78
	[81]

	5
	LWQFCAFSS
	0.79 ± 0.22
	[81]

	6
	WRSNCSHQH
	12.03 ± 0.59†
	[81]

	7
	VEKMCIETA
	5.56 ± 1.07
	[81]

	8
	AQEPHLEBK
	100 ± 0.00
	[82]

	9
	LINQHATSF
	6.23 ± 1.35 (n.sat.)
	[82]

	10
	ETIFHTVQQ
	100 ± 0.00
	[82]

	11
	YPGQHISNE
	100 ± 0.00
	[82]

	12
	BVQLHKHSG
	2.41 ± 0.73
	[82]

	13
	RQRDHQBYA
	3.38 ± 0.68
	[82]

	14
	PRQAHVYRA
	4.78 ± 1.27
	[82]

	15
	IBFRYSSLK
	0.34 ± 0.26
	[82]

	16
	EKBWYWAEA
	100 ± 0.00
	[82]

	17
	EBRPYETGD
	100 ± 0.00
	[82]

	18
	LLPYYVQED
	100 ± 0.00
	[82]

	19
	GFGTYSWHE
	6.25 ± 1.44
	[82]

	20
	PPKTYQGEG
	100 ± 0.00
	[82]

	21
	DTPDYDYSR
	100 ± 0.00
	[82]

	22
	HADTYFGWR
	19.01 ± 1.76 (n.sat.)
	[82]

	23
	ITSIYNGAQ
	100 ± 0.00
	[82]

	24
	LRAVYEKDA
	2.48 ± 0.48 (n.sat.)
	[82]

	25
	FKQYHHELI
	2.31 ± 0.69†
	[82]

	26
	EQREHANVI
	100 ± 0.00
	[82]

	27
	HDENYTPPE
	100 ± 0.00
	[82]

	28
	KPFKYDHHY
	1.96 ± 0.72
	[82]

	29
	TLDLHLEVS
	100 ± 0.00
	[82]

	30
	AAAAAAAAA
	100 ± 0.00
	[9]

	31
	RHDSGYEVHH 
	80.70 ± 4.00
	[9]

	32
	DAEFRHDSGYEVHHQKLV
	0.59 ± 0.05
	[9]

	33
	NVNLTSNALLYHYWIAVSHKAPA
	3.00 ± 1.19
	[9]

	34
	NVNLTSNHLLYHYWIAVSAKAPA
	1.89 ± 0.72
	[9]

	35
	NVNLTSNALLYHYWIAVSAKAPA
	0.88 ± 0.94
	[9]

	36
	NVNLTSNHLLYAYWIAVSHKAP
	19.84 ± 4.11
	[9]

	37
	DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV
	0.10 ± 0.07
	[9]

	38
	AEFRHDSGY
	100 ± 0.00
	[9]

	39
	HDSGYEVHH
	100 ± 0.00
	[9]

	40
	RHLPCDICV
	0.13 ± 0.09
	[83]

	41
	FYWDCNHYW
	0.67 ± 0.12
	[80]

	42
	RADICVHLN
	0.40 ± 0.17
	[80]

	43
	SGGLPAPSDFKCPIKEEIAITSG
	1.42 ± 0.24
	[80]

	44
	AAAACAAAA
	100 ± 0.00
	[80]

	45
	QFSQCRIBN
	2.78 ± 0.78
	[80]

	46
	YVSRCIBBA
	3.44 ±  0.64
	[80]

	47
	HHQYHARVA
	0.87 ± 0.05
	[80]

	48
	AAAAHAAAA
	100 ± 0.00
	[80]

	49
	AAAAYAAAA
	100 ± 0.00
	[80]

	50
	HPFPYIWKA
	0.33 ± 0.25
	[80]

	51
	NVNLTSNHLLYHYWIAVSHKAPA
	1.40 ± 0.13
	[80]

	52
	VRMDTLAHVLYYPQKPLVTTRSM
	0.51 ± 0.27
	[80]

	53
	APSRCTQWL
	4.41 ± 0.80
	[35]

	54
	SSIPCLFYK
	0.28 ± 0.19
	[35]

	55
	SQSSCPAVP
	6.43 ± 0.53
	[35]

	56
	DESACPVYM
	13.26 ± 1.44
	[35]

	57
	RPDGCPDEI
	0.50 ± 0.23
	[35]

	58
	EDKDCPIKE
	48.40 ± 2.73
	[35]

	59
	ALTGCPWHD
	5.32 ± 0.55
	[35]

	60
	QFSSCPHYW
	1.94 ± 0.42
	[35]

	61
	IGVVCPFVR
	0.87 ± 0.41
	[35]

	62
	ARLGCPVIP
	1.37 ± 0.33
	[35]

	63
	SEGGCPLIL
	3.75 ± 0.77
	[35, 54]

	64
	TPILCPFHL
	0.60 ± 0.41
	[35]

	65
	AAAACPAAA
	4.73 ± 1.83
	[35]

	66
	SSIPCLHYK
	0.81 ± 0.51
	[35]

	67
	DESACPYVM
	3.27 ± 1.44
	[35]

	68
	AIRRCSTFQ
	0.50 ± 0.20
	[81]

	69
	HELVCAAST
	0.40 ± 0.19
	[81]

	70
	QKGVCQNTG
	2.25 ± 0.70
	[81]

	71
	AAHYHTYER
	0.83 ± 0.33
	[82]

	72
	FKAAHKHVR
	0.99 ± 0.21
	[82]

	73
	FLFYHSQSG
	4.48 ± 2.20
	[54]

	*B, norleucine as substituent for methionine; †these KD values have been reevaluated
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