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to the article: “Regulation of Cell Proliferation and Nrf2-Mediated Antioxidant Defense: 

conservation of Keap1 cysteines and Nrf2 binding site in the context of the evolution of KLHL 

Family”. 

 

Table S1. 50 human proteins which were studied in this paper. Sorting of proteins is done 

according to the phylogenetic tree in Figure 3 of the main text. 

Protein ID Clade Name UniProt ID Other names 

NP_001243503.1 3 KLHL37 ENC1_HUMAN Ectoderm-neural cortex protein 1 (ENC1) 

NP_071925.2 3 KLHL25 KLH25_HUMAN Ectoderm-neural cortex protein 2 (ENC2) 

NP_001186219.1 3 KLHL23 KLH23_HUMAN   

NP_055666.2 3 KLHL21 KLH21_HUMAN   

NP_940984.3 3 KLHL30 KLH30_HUMAN   

NP_443152.1 3 KLHL29 KLH29_HUMAN   

NP_001075144.2 3 KLHL38 KLH38_HUMAN   

NP_569713.2 3 KLHL6 KLHL6_HUMAN   

NP_001034637.2 3 KLHL35 KLH35_HUMAN   

NP_060114.2 3 KLHL24 KLH24_HUMAN 
Kainate receptor-interacting protein for GluR6 

(KRIP6) 

NP_940841.1 3 KBTBD3 KBTB3_HUMAN   

XP_006718324.1 3 KBTBD4 KBTB4_HUMAN   

NP_689606.2 4 KLHL40 KLH40_HUMAN Sarcosynapsin 

NP_006054.2 4 KLHL41 KLH41_HUMAN Sarcosin 

NP_997218.2 4 KBTBD12 KBTBC_HUMAN   

NP_056298.2 4 KBTBD2 KBTB2_HUMAN   

NP_115894.2 4 KBTBD8 KBTB8_HUMAN 
T-cell activation kelch repeat protein  

(TA-KRP) 

NP_690867.3 4 KBTBD6 KBTB6_HUMAN   

NP_115514.2 4 KBTBD7 KBTB7_HUMAN   

XP_005257330.1 2 KLHL10 KLH10_HUMAN   

NP_036421.2 2 KLHL19 KEAP1_HUMAN Kelch-like ECH-associated protein 1 (Keap1) 

NP_005888.1 2 KLHL27 IPP_HUMAN Actin-binding protein IPP 

XP_006715816.1 2 KLHL7 KLHL7_HUMAN   

XP_005267826.1 2 KLHL28 KLH28_HUMAN   

XP_005262711.1 2 KLHL5 KLHL5_HUMAN   

NP_065917.1 2 KLHL1 KLHL1_HUMAN Mayven-related protein 2 (MRP2) 

NP_476503.1 2 KLHL4 KLHL4_HUMAN   

NP_065854.3 2 KLHL8 KLHL8_HUMAN   

XP_005265058.1 2 KLHL18 KLH18_HUMAN   

XP_005245460.1 2 KLHL12 KLH12_HUMAN   

XP_006711340.1 2 KLHL20 KLH20_HUMAN Kelch-Like ECT2 Interacting Protein (KLEIP) 

XP_006710663.1 2 KLHL17 KLH17_HUMAN Actinfilin 

NP_059111.2 2 KLHL3 KLHL3_HUMAN   

NP_001154993.1 2 KLHL2 KLHL2_HUMAN Actin-binding protein Mayven  

NP_071324.1 5 KLHL16 GAN_HUMAN Gigaxonin 

NP_006460.2 5 KLHL39 NS1BP_HUMAN 
Influenza virus NS1A-binding protein 

(IVNS1ABP) 



NP_005884.2 5 KBTBD14 CALI_HUMAN Calicin 

NP_060613.1 5 KLHL11 KLH11_HUMAN   

XP_005267404.1   KLHL33 KLH33_HUMAN   

NP_443136.2 1 KLHL32 KLH32_HUMAN   

NP_060786.1 1 KLHL26 KLH26_HUMAN   

XP_006724405.1 1 KLHL22 KLH22_HUMAN   

NP_079007.2 1 KLHL36 KLH36_HUMAN   

NP_001161771.1 1 KLHL13 KLH13_HUMAN   

NP_061335.1 1 KLHL9 KLHL9_HUMAN   

NP_001003760.2 1 KLHL31 KLH31_HUMAN   

NP_085127.2 1 KLHL15 KLH15_HUMAN   

XP_006722575.1 1 KLHL14 KLH14_HUMAN Protein interactor of Torsin-1A (Printor) 

NP_695002.1 1 KLHL34 KLH34_HUMAN   

NP_065833.1 1 KLHL42 KLH42_HUMAN Cullin-3-binding protein 9 (Ctb9) 

 

  



Figure captions: 

Figure S1. Phylogenetic tree of closest relatives of leucine-zipper-like transcription 

regulator 1 (LZTR1, NP_006758.2 or LZTR1_HUMAN). According to our domain analysis, 

it can be considered as a member of the KLHL family. All proteins have the kelch-repeat domain 

on the N-terminus. 34 manually inspected proteins were aligned with Muscle (Edgar, 2004) and 

the tree for them was constructed in MEGA7 with the neighbor-joining algorithm (Kumar, et al., 

2016). Numbers on the branches are the bootstrap test support calculated for the 100 replicates. 

All positions with less than 90% site coverage were eliminated, leaving 455 positions for the tree 

construction. Tree leaves are colored according to the taxonomy of the respective organisms. 

Domain structure was obtained with Domain Analyzer software 

(https://depo.msu.ru/module/domainanalyser) and Pfam database (Finn, et al., 2016). 

 

Figure S2. Phylogenetic tree of the KLHL proteins with their domain structure mapped 

onto it. 449 proteins sampled as described in the Materials and Methods section were aligned 

with Muscle (Edgar, 2004) and the tree for them was constructed in MEGA7 with the neighbor-

joining algorithm (Kumar, et al., 2016). Numbers on the branches are the bootstrap test support 

calculated for the 100 replicates (values lower than 10 are not shown). We used manually 

selected regions (conserved blocks) consisting of 202 positions for the tree construction. Domain 

structure was obtained with Domain Analyzer software 

(https://depo.msu.ru/module/domainanalyser) and Pfam database (Finn, et al., 2011; Finn, et al., 

2016). Human proteins are shown in blue color for known members of the KLHL family and in 

red color for proteins previously considered to belong to the KBTBD family. 

 

Figure S3. Short version of the phylogenetic tree of the KLHL proteins with several 

important residues (see Figure S2 for the full version). Clades containing human proteins are 

collapsed to a single sequence. Positions which are known to be important for the structural 

integrity and function are mapped on the tree. 

 

Figure S4. Multiple alignment of Keap1 proteins from genomes of 9 selected Vertebrata 

species. Residues which are marked in the Figure 3 on the main text are marked in the 

CYS_IMPORTANT_RESIDUES row (X marks positions poorly aligned between different 

KLHL proteins, C marks aligned positions). Structurally important residues which are depicted 

in Figure S3 are marked in the STRUCTURE_AND_FUNCTION row. Regions where good 

multiple alignment exists between different KLHL proteins and which were chosen for the 

phylogenetic tree construction are marked in the BLOCKS row. Domain boundaries as predicted 

by Pfam domain models for human sequence are given in the FORMULA row. Alignment was 

visualized in GeneDoc software (http://nrbsc.org/gfx/genedoc). 

 

Figure S5. Short version of the phylogenetic tree of the KLHL proteins with Nrf2 binding 

site (see Figure S2 for the full version). Clades containing human proteins are collapsed to a 

single sequence. Nrf2 binding site positions are mapped on the tree. 
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Figure S6. Comparison between domain borders produced by the Pfam profile HMM 

search (top) and those annotated in the Uniprot/SwissProt database (bottom) for human 

Keap1 protein. Search for the corresponding Pfam domains yields the following domain 

coordinates: BTB [67–178], BACK [185–285], Kelch1 [324–358], Kelch2 [361–410], Kelch3 

[412–456], Kelch4 [459–504], Kelch5 [507–550], Kelch6 [553–597]. Uniprot annotation for the 

same protein (KEAP1_HUMAN) provides the following coordinates: BTB [77–149], BACK 

[184–286], Kelch1 [327–372], Kelch2 [373–423], Kelch3 [424–470], Kelch4 [471–517], Kelch5 

[518–564], Kelch6 [565–611]. The corresponding regions were mapped onto the AlphaFold 

model of Keap1 protein (provided in the Uniprot database): (A) BTB domain is shown in orange, 

BACK domain is shown in magenta. (B) Two neighboring blades of β-propeller are shown. The 

first Kelch domain is colored lime, the last Kelch domain is colored purple. 
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 XP_005311806.1|Chrysemys picta bellii

 XP_015154256.1|Gallus gallus

 XP_014464890.1|Alligator mississippiensis

 XP_003220577.1|Anolis carolinensis

 XP_015263685.1|Gekko japonicus

 NP_001121508.1|Xenopus tropicalis

 XP_007906698.1|Callorhinchus milii

 XP_005990318.1|Latimeria chalumnae
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 NP_080084.2|Mus musculus

 NP_006758.2|Homo sapiens

 XP_012924768.1|Heterocephalus glaber

 NP_001259114.1|Drosophila melanogaster

 XP_012940916.1|Aplysia californica

 XP_012565460.1|Hydra vulgaris

 XP_003390903.1|Amphimedon queenslandica

 XP_002764699.1|Perkinsus marinus ATCC 50983

 XP_002369261.1|Toxoplasma gondii ME49

 XP_009844487.1|Aphanomyces astaci

 XP_004333699.1|Acanthamoeba castellanii str. Neff

 XP_002907439.1|Phytophthora infestans T30-4

 XP_009844330.1|Aphanomyces astaci

 XP_009034935.1|Aureococcus anophagefferens

 XP_002177255.1|Phaeodactylum tricornutum CCAP 1055

 XP_005771743.1|Emiliania huxleyi CCMP1516

 XP_001447176.1|Paramecium tetraurelia strain d4-2

 XP_001431535.1|Paramecium tetraurelia strain d4-2

 XP_002177179.1|Phaeodactylum tricornutum CCAP 1055

 XP_002780872.1|Perkinsus marinus ATCC 50983

 XP_001440229.1|Paramecium tetraurelia strain d4-2

 XP_001446242.1|Paramecium tetraurelia strain d4-2

 XP_001450707.1|Paramecium tetraurelia strain d4-2
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Figure S1. Phylogenetic tree of closest relatives of leucine-zipper-like transcription 
regulator 1 (LZTR1, NP_006758.2 or LZTR1_HUMAN) 



 XP_004874205.1|Heterocephalus glaber
 NP_001071535.1|Bos taurus
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 NP_001243503.1|Homo sapiens
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 NP_001072541.1|Xenopus (Silurana) tropicalis

 XP_004943913.1|Gallus gallus
 XP_006030408.1|Alligator sinensis
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 NP_071925.2|Homo sapiens

 XP_005221803.1|Bos taurus
 XP_036700601.1|Balaenoptera musculus

 XP_005161675.1|Danio rerio
 XP_002940087.2|Xenopus (Silurana) tropicalis
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 XP_006038962.1|Alligator sinensis
 XP_688063.3|Danio rerio

 XP_006025685.1|Alligator sinensis
 XP_426582.3|Gallus gallus

 XP_002934658.1|Xenopus (Silurana) tropicalis
 XP_036714147.1|Balaenoptera musculus
 XP_006499740.1|Mus musculus
 NP_001186219.1|Homo sapiens
 XP_021094244.1|Heterocephalus glaber
 NP_001192436.1|Bos taurus

 NP_001028524.1|Mus musculus
 NP_055666.2|Homo sapiens
 NP_001070279.1|Bos taurus
 XP_036697508.1|Balaenoptera musculus
 XP_004863762.1|Heterocephalus glaber

 XP_003642565.1|Gallus gallus
 NP_996964.1|Danio rerio

 XP_002933898.2|Xenopus (Silurana) tropicalis
 XP_688150.4|Danio rerio

 NP_001096255.1|Xenopus (Silurana) tropicalis
 XP_422662.4|Gallus gallus

 XP_006016037.1|Alligator sinensis
 XP_021103056.1|Heterocephalus glaber
 NP_081827.1|Mus musculus

 NP_940984.3|Homo sapiens
 XP_036713986.1|Balaenoptera musculus

 XP_005213079.1|Bos taurus
 XP_036729932.1|Balaenoptera musculus

 XP_021109197.1|Heterocephalus glaber
 NP_443152.1|Homo sapiens
 NP_001157965.1|Mus musculus
 XP_001233683.3|Gallus gallus
 XP_006025461.1|Alligator sinensis
 XP_002936022.1|Xenopus (Silurana) tropicalis

 XP_009291058.1|Danio rerio
 XP_003200801.2|Danio rerio
 XP_691797.2|Danio rerio
 NP_001038350.1|Danio rerio

 XP_425948.2|Gallus gallus
 XP_006028514.1|Alligator sinensis

 XP_004915109.1|Xenopus (Silurana) tropicalis
 XP_002692683.2|Bos taurus
 XP_036685705.1|Balaenoptera musculus
 NP_808423.1|Mus musculus

 XP_004838049.1|Heterocephalus glaber
 NP_001075144.2|Homo sapiens

 XP_002684931.1|Bos taurus
 XP_036707154.1|Balaenoptera musculus
 XP_004834978.1|Heterocephalus glaber
 NP_569713.2|Homo sapiens
 NP_899246.2|Mus musculus

 XP_002933397.2|Xenopus (Silurana) tropicalis
 NP_001026474.2|Gallus gallus
 XP_006016069.1|Alligator sinensis

NP_001005316.2|Danio rerio
 XP_005216311.1|Bos taurus
 XP_036715052.1|Balaenoptera musculus

 NP_001034637.2|Homo sapiens
 XP_004863282.1|Heterocephalus glaber

 XP_006508283.1|Mus musculus
 XP_699490.4|Danio rerio

 XP_002941208.2|Xenopus (Silurana) tropicalis
 XP_003640674.1|Gallus gallus

 XP_006022039.1|Alligator sinensis
 NP_001070808.1|Danio rerio
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 NP_001072337.1|Xenopus (Silurana) tropicalis

 NP_001026475.1|Gallus gallus
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 XP_006034703.1|Alligator sinensis
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 XP_036725871.1|Balaenoptera musculus
 XP_004835149.1|Heterocephalus glaber
 NP_082478.1|Mus musculus
 NP_001015598.1|Bos taurus

 NP_689606.2|Homo sapiens
 NP_001015817.1|Xenopus (Silurana) tropicalis

 XP_418495.2|Gallus gallus
 XP_006025971.1|Alligator sinensis
 XP_001334076.1|Danio rerio

 NP_001122154.1|Danio rerio
 NP_945330.1|Danio rerio

 XP_001922967.1|Danio rerio
 NP_989214.1|Xenopus (Silurana) tropicalis

 XP_422010.1|Gallus gallus
 XP_006025667.1|Alligator sinensis

 NP_006054.2|Homo sapiens
 NP_001074556.1|Mus musculus
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 XP_004917065.1|Xenopus (Silurana) tropicalis
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 XP_425160.2|Gallus gallus
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 XP_005205529.1|Bos taurus
 NP_056298.2|Homo sapiens

 XP_006020923.1|Alligator sinensis
 XP_418847.2|Gallus gallus
 XP_004872264.1|Heterocephalus glaber

 NP_666070.2|Mus musculus
 XP_002937037.1|Xenopus (Silurana) tropicalis

 NP_001070628.1|Danio rerio
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 XP_006027672.1|Alligator sinensis

 XP_002938415.2|Xenopus (Silurana) tropicalis
 NP_001103500.1|Danio rerio

XP_001334231.1|Danio rerio
 XP_002938090.1|Xenopus (Silurana) tropicalis

 NP_001192469.1|Bos taurus
 XP_036687994.1|Balaenoptera musculus
 NP_690867.3|Homo sapiens
 XP_004844317.1|Heterocephalus glaber

 XP_036687174.1|Balaenoptera musculus
 NP_001019306.2|Mus musculus
 NP_115514.2|Homo sapiens
 XP_005213745.1|Bos taurus

 NP_080003.1|Mus musculus
 XP_005220806.1|Bos taurus
 XP_005257330.1|Homo sapiens
 XP_004859440.1|Heterocephalus glaber
 XP_036691511.1|Balaenoptera musculus
 XP_006032853.1|Alligator sinensis

 NP_001264227.1|Gallus gallus
 XP_002665162.1|Danio rerio

 XP_001920255.1|Danio rerio
 XP_688950.1|Danio rerio

 XP_002943971.2|Xenopus (Silurana) tropicalis
 NP_001103775.1|Mus musculus
 NP_001094612.1|Bos taurus
 NP_036421.2|Homo sapiens
 XP_036702860.1|Balaenoptera musculus
 XP_004865558.1|Heterocephalus glaber
 XP_006023504.1|Alligator sinensis

 NP_001008024.1|Xenopus (Silurana) tropicalis
 NP_001106948.1|Danio rerio

 NP_878284.2|Danio rerio
 XP_002940707.2|Xenopus (Silurana) tropicalis

 NP_001107093.1|Danio rerio
 NP_001165002.2|Xenopus (Silurana) tropicalis

 XP_006015887.1|Alligator sinensis
 XP_004936813.1|Gallus gallus
 NP_032415.2|Mus musculus
 NP_005888.1|Homo sapiens
 XP_004872995.1|Heterocephalus glaber
 NP_001178125.1|Bos taurus
 XP_036683566.1|Balaenoptera musculus

 NP_957171.1|Danio rerio
 NP_080724.2|Mus musculus
 NP_001012875.1|Gallus gallus
 XP_006038323.1|Alligator sinensis
 XP_005205350.1|Bos taurus
 XP_006715816.1|Homo sapiens
 XP_004839618.1|Heterocephalus glaber
 XP_036719344.1|Balaenoptera musculus

 XP_012925199.1|Heterocephalus glaber
 NP_001004916.1|Xenopus (Silurana) tropicalis

 NP_001092500.1|Bos taurus
 XP_036698143.1|Balaenoptera musculus
 XP_006516219.1|Mus musculus

 XP_005267826.1|Homo sapiens
 XP_021118483.1|Heterocephalus glaber
 XP_421484.1|Gallus gallus
 XP_006024918.1|Alligator sinensis
 XP_002940582.1|Xenopus (Silurana) tropicalis

 XP_002667719.2|Danio rerio
 XP_005262711.1|Homo sapiens
 XP_021102329.1|Heterocephalus glaber
 XP_005207957.1|Bos taurus
 NP_780383.2|Mus musculus
 XP_036709871.1|Balaenoptera musculus
 XP_422912.3|Gallus gallus
 XP_006029290.1|Alligator sinensis
 XP_002938696.1|Xenopus (Silurana) tropicalis

 NP_001164413.1|Danio rerio
 XP_416994.2|Gallus gallus
 XP_036687692.1|Balaenoptera musculus
 NP_065917.1|Homo sapiens
 NP_444335.2|Mus musculus
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 NP_001179984.1|Bos taurus

 XP_420250.2|Gallus gallus
 NP_001096427.1|Xenopus (Silurana) tropicalis

 XP_005173231.1|Danio rerio
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 XP_004868925.1|Heterocephalus glaber
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 NP_001103950.1|Danio rerio
 NP_001017289.1|Xenopus (Silurana) tropicalis
 XP_420548.2|Gallus gallus
 XP_006018155.1|Alligator sinensis
 XP_006535003.1|Mus musculus
 XP_036709014.1|Balaenoptera musculus
 NP_065854.3|Homo sapiens
 XP_021104455.1|Heterocephalus glaber
 XP_002688453.2|Bos taurus

 NP_956124.1|Danio rerio
 NP_001123404.1|Xenopus (Silurana) tropicalis
 XP_021112541.1|Heterocephalus glaber

 XP_006026488.1|Alligator sinensis
 NP_001026131.1|Gallus gallus

 XP_005223158.1|Bos taurus
XP_036723839.1|Balaenoptera musculus
 XP_005265058.1|Homo sapiens
 XP_006512203.1|Mus musculus

 XP_004934891.1|Gallus gallus
 XP_006038484.1|Alligator sinensis

 XP_036702899.1|Balaenoptera musculus
 XP_005245460.1|Homo sapiens
 XP_004862264.2|Heterocephalus glaber
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 NP_001106569.1|Xenopus (Silurana) tropicalis
 XP_005163549.1|Danio rerio
 XP_006017781.1|Alligator sinensis
 XP_021121067.1|Heterocephalus glaber
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 NP_938047.1|Mus musculus
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 XP_004916201.1|Xenopus (Silurana) tropicalis
 XP_417591.2|Gallus gallus
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 NP_059111.2|Homo sapiens
 XP_005209460.1|Bos taurus
 NP_001182004.1|Mus musculus
 XP_036705116.1|Balaenoptera musculus
 XP_414621.4|Gallus gallus
 XP_006026939.1|Alligator sinensis
 XP_009289334.1|Danio rerio

 XP_696369.5|Danio rerio
 XP_002934798.2|Xenopus (Silurana) tropicalis
 NP_001264749.1|Gallus gallus
XP_006020891.1|Alligator sinensis

 NP_848748.2|Mus musculus
 XP_004848282.1|Heterocephalus glaber
 NP_001154993.1|Homo sapiens
 XP_005217484.1|Bos taurus
 XP_036708960.1|Balaenoptera musculus

 NP_071324.1|Homo sapiens
 XP_036689592.1|Balaenoptera musculus
 XP_004842854.1|Heterocephalus glaber
 NP_001092485.1|Bos taurus
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Figure S4. Multiple alignment of Keap1 proteins from genomes of 9 selected Vertebrata species. Residues which are marked in the Figure 3 on the main text are marked in the 

CYS_IMPORTANT_RESIDUES row (X marks positions poorly aligned between different KLHL proteins, C marks aligned positions). Structurally important residues which are depicted 

in Figure S3 are marked in the STRUCTURE_AND_FUNCTION row. Regions where good multiple alignment exists between different KLHL proteins and which were chosen for the 

phylogenetic tree construction are marked in the BLOCKS row. Domain boundaries as predicted by Pfam domain models for human sequence are given in the FORMULA row. Alignment 

was visualized in GeneDoc software (http://nrbsc.org/gfx/genedoc). 
 

CYS_IMPORTANT_RESIDUES             : ------------XX--------X--------------X---------------------------------------C-------  

STRUCTURE_AND_FUNCTION             : ------------------------------------------------------------------------------Z------  

NP_036421.2|Human                  : MQPDPRPSGAGACCRFLPLQSQCPEGAGDAVMYASTECKAEVTPSQ-HGNRTFSYTLEDHTKQAFGIMNELRLSQQLCDVTLQVK  

NP_001103775.1|Mouse               : MQPEPKLSGAPRSSQFLPLWSKCPEGAGDAVMYASTECKAEVTPSQ-DGNRTFSYTLEDHTKQAFGVMNELRLSQQLCDVTLQVK  

NP_001094612.1|Cattle              : MQPEPRPSGAGAHTQFLPLRSQRPEGAGDTAMYASTECKAEVTPSQ-HGNRTFSYTLEDHTKQAFGIMNELRLSQQLCDVTLQVK  

XP_036702860.1|Blue_whale          : MQLEPGPSGAGAHTQFLPLRSQRPEGAGDTVMYASTECKAEVTPSQ-HGNRTFSYTLEDHTKQAFGIMNELRLSQQLCDVTLQVK  

XP_004865558.1|Naked_mole_rat      : MQPEPRPSRARARSRFLPLHSECPEGAGDTVMYASTECKAEVTPSQ-DGNRTFSYTLEDHTKQAFGIMNELRLSQQLCDVTLQVK  

XP_006023504.1|Chinese_alligator   : -------------------------------MYAP-ECQAEVTPSP-AGPRSFSYTLDEHPCQALAIMNELRLSQQLCDVTLRVR  

NP_001008024.1|Western_clawed_frog : -------------------------------MYAT-ECQAEVTPSHSNGNRQFQYSLADHTNQAFQIMNELRLGQQLCDVKLKVK  

NP_001106948.1|Danio_rerio         : ----------------------------MLAAAGMTECKAEVTPSASNGHRVFSYTLESHTAAAFAIMNELRRERQLCDVTLRVR  

NP_878284.2|Danio_rerio            : -----------------------MICPRKKRPIKDEDFSAIVVPSM-RGHGYLDYTVESHPSKALQNMDELRHHEMLCDLVLHVT  

XP_002940707.2|Western_clawed_frog : ----------MALSHAFFNQNSRMLCPRKKKQPCLKNCTAIAVPSM-KGHGYLDYTIENHTSKAFEKMDEMRRNNLLCDVLLRVS  

BLOCKS                             : -------------------------------------------------------------------BBBBBBBBBBBBBBB---  

FORMULA                            : -------------------------------------------------------------------<-BTB-------------  

                                                                                                                                                                                                                                                   

CYS_IMPORTANT_RESIDUES             : -----------C-----CCCC-----------------------------------------------C--------C-------  

STRUCTURE_AND_FUNCTION             : --------------------Z-----------ZZZ-----------------------Z---------------------Z----  

NP_036421.2|Human                  : YQDA-PAAQFMAHKVVLASSSPVFKAMFTN-GLREQGMEVVSIEGIHPKVMERLIEFAYTASISMGEKCVLHVMNGAVMYQIDSV  

NP_001103775.1|Mouse               : YEDI-PAAQFMAHKVVLASSSPVFKAMFTN-GLREQGMEVVSIEGIHPKVMERLIEFAYTASISVGEKCVLHVMNGAVMYQIDSV  

NP_001094612.1|Cattle              : YQDA-PAAQFMAHKVVLASSSPVFKAMFTN-GLREQGMEVVSIEGIHPKVMERLIEFAYTASISMGEKCVLHVMNGAVMYQIDSV  

XP_036702860.1|Blue_whale          : YQDA-PAAQFMAHKVVLASSSPVFKAMFTN-GLREQGMEVVSIEGIHPKVMERLIEFAYTASISMGEKCVLHVMNGAVMYQIDSV  

XP_004865558.1|Naked_mole_rat      : YEDI-PTAQFMAHKVVLASSSPVFKAMFTT-GLREQGMEVVSIEGIHPRVMERLIEFAYTASISMGEKCVLHVMNGAVMYQIDSV  

XP_006023504.1|Chinese_alligator   : YRDA-PPADFQAHKVVLASSSPVFRAMFTA-GLREQGMEVVPIEGIHPRVMERLIEFAYTASIAVGERCVLHVMNGAVMYQIDSV  

NP_001008024.1|Western_clawed_frog : YND--VQDEFVAHKIVLASSSPVFRAMFTN-GLRECGMETVTIEGVHPKVMQRLLEFAYTASISVGEKCVIHVMNGAVMYQMDSV  

NP_001106948.1|Danio_rerio         : YCPLDTHVDFVAHKVVLASSSPVFRAMFTN-GLKECGMEVVPIEGIHPKVMGRLIEFAYTASISVGEKCVIHVMNGAVMYQIDSV  

NP_878284.2|Danio_rerio            : YKD--KIVDFKVHKLVLAASSPYFKAMFTS-NFKECHASEVTLRDVCPQVISRLIDFAYTSRITVGETCVLHVLLTAMRYQMEEV  

XP_002940707.2|Western_clawed_frog : YNG--KEEDFHVHKIVLASCSPFFRAMFTN-NFRECHAREVTIKDICPKVMQRLIEFAYTSRITVGEKCVLHVLLAAMRYQMEDV  

BLOCKS                             : ------BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB----------BBBBBBBBBBBBBBBBBB------BBBBBBBBBBBBBBB  

FORMULA                            : -------------------------------------------------------------------------------------  

                                                                                                                                                                                                                                                     

CYS_IMPORTANT_RESIDUES             : ---CC-----------C---C-------C---------CCC---------------------C--------------C-------  

STRUCTURE_AND_FUNCTION             : ---------------Z---------------Z-----------Z-----------------------------------------  

NP_036421.2|Human                  : VRACSDFLVQQLDPSNAIGIANFAEQIGCVELHQRAREYIYMHFGE----VAKQEEFFNLSHCQLVTLISRDDLNVRCESEVFHA  

NP_001103775.1|Mouse               : VRACSDFLVQQLDPSNAIGIANFAEQIGCTELHQRAREYIYMHFGE----VAKQEEFFNLSHCQLATLISRDDLNVRCESEVFHA  

NP_001094612.1|Cattle              : VRACSDFLVQQLDPSNAIGIANFAEQIGCTELHQRAREYIYMHFGE----VAKQEEFFNLSHCQLATLISRDDLNVRCESEVFHA  

XP_036702860.1|Blue_whale          : VRACSDFLVQQLDPSNAIGIANFAEQIGCTELHQRAREYIYMHFGE----VAKQEEFFNLSHCQLVTLISRDDLNVRCESEVFHA  

XP_004865558.1|Naked_mole_rat      : VRACSDFLVQQLDPSNAIGIANFAEQIGCTELHQRAREYIYMHFGERPLQVAKQEEFFNLSHCQLATLISRDDLNVRCESEVFHA  

XP_006023504.1|Chinese_alligator   : VRACADFLAQQLDPSNAIGIANFAEQIDCSELHQRAREYIYRHFAE----VAKQEEFFNLSHCQLVTLISRDELNVRCESEVFHA  

NP_001008024.1|Western_clawed_frog : VKACCDFLIQQLDPSNAIGIATFAEQIGCHELHQKAREYIYMQFGE----VAKQEEFFNLSSCQLVNLVSRDELNVRCESEVFHA  

NP_001106948.1|Danio_rerio         : VQACCDFLVEQLDPSNAIGIASFAEQIGCTELHQKAREYIYMNFSQ----VATQEEFFTLSHCQLVTLISRDELNVRCESEVFHA  

NP_878284.2|Danio_rerio            : AKACCDFLMKNLEPSNVIGISRFAEEIGCTDLHLRTREYINTHFNE----VTKEEEFFSLSHCQLLELISQDSLKVLCESEVYKA  

XP_002940707.2|Western_clawed_frog : AKACSDFLVKHLDASNVIGISNFAEQIGCHELYRTGREYINTHFSE----VTNEEEFLSLSHCELLDLVSQDSLNVLCESEVYNA  

BLOCKS                             : BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB---B  

FORMULA                            : ------BTB->------<-BACK--------------------------------------------------------------  

http://nrbsc.org/gfx/genedoc


                                                                                                                           

CYS_IMPORTANT_RESIDUES             : C-------C---------------X--------------X--------X---------------------X--------------  

STRUCTURE_AND_FUNCTION             : ---Z----------------------------------------------------------------------------Y--GG  

NP_036421.2|Human                  : CINWVKYDCEQRRFYVQALLRAVRCHSLTPNFLQMQLQKCEILQSDSRCKDYLVKIFEELTLHKPTQVMPCRAPKVGRLIYTAGG  

NP_001103775.1|Mouse               : CIDWVKYDCPQRRFYVQALLRAVRCHALTPRFLQTQLQKCEILQADARCKDYLVQIFQELTLHKPTQAVPCRAPKVGRLIYTAGG  

NP_001094612.1|Cattle              : CINWVKYDCEQRRFYVQALLRAVRCHSLTPHFLQMQLQKCEILQSDSRCKDYLVKIFQELTLHKPTQVMPCRAPKVGRLIYTAGG  

XP_036702860.1|Blue_whale          : CINWVKYDCEQRRFYVQALLRAVRCHSLTPHFLQMQLQKCEILQSDSRCKDYLVKIFQELTLHKPTQVMPCRAPKVGRLIYTAGG  

XP_004865558.1|Naked_mole_rat      : CINWVKYDCEQRRFYVQALLRAVRCHALTPHFLQMQLQKCEILQSDSRCKDYLVQIFQELTLHKPTPAMPCRAPKVGRLIYTAGG  

XP_006023504.1|Chinese_alligator   : CIDWVRYDCASRRPYVQALLRAVRCHALSPGFLQLQLRECEVLQGDTRCQDYLAQIFQDLTLHKPTQRLPSRTPKVGQLIYAVGG  

NP_001008024.1|Western_clawed_frog : CINWVKYDCENRRPYIQALLRAVRCHSLTPNFLQLQLQRCEILKGDSRCQDYLSQIFQDLTLHKPTLPLQGRIPNVPQFIYVAGG  

NP_001106948.1|Danio_rerio         : CVAWVQYDREERRPYVQALLQAVRCHSLTPHFLQRQLEHFEW---DAQSKDYLSQIFRDLTLHKPTKVIPLRTPKVPQLIYTVGG  

NP_878284.2|Danio_rerio            : CIDWVRWDAESRAQYFHALLNAVHIYALPPTFLKRQLQSCPILSKANSCKDFLSKIFHEMALRKPLPPTPHRG---TQLIYIAGG  

XP_002940707.2|Western_clawed_frog : CLKWMQWDLNNRAQYFHALLNAVHLYSLPAKFLEIQLKKCPILSKENRCRVYLSKIFQEMCLHKPLPRPKQRG---NQLIYVAGG  

BLOCKS                             : BBBBBBBBBBB--------------------------------------------------------------------------  

FORMULA                            : -------------------------------BACK->--------------------------------------<111111111  

                                                                                                                                                                                                                                                       

CYS_IMPORTANT_RESIDUES             : ----------X----------------------X-C--------------------------C----------C-----------  

STRUCTURE_AND_FUNCTION             : B-----------------W------------B----------Y--GGB-B--------------------C-----------B--  

NP_036421.2|Human                  : YFRQSLSYLEAYNPSDGTWLRL-ADLQVPRSGLAGCVVGGLLYAVGGRNNSPDGNTDSSALDCYNPMTNQWSPCAPMSVPRNRIG  

NP_001103775.1|Mouse               : YFRQSLSYLEAYNPSNGSWLRL-ADLQVPRSGLAGCVVGGLLYAVGGRNNSPDGNTDSSALDCYNPMTNQWSPCASMSVPRNRIG  

NP_001094612.1|Cattle              : YFRQSLSYLEAYNPSDGTWLRL-ADLQVPRSGLAGCVVGGLLYAVGGRNNSPDGNTDSSALDCYNPMTNQWSPCASMSVPRNRIG  

XP_036702860.1|Blue_whale          : YFRQSLSYLEAYNPSDGTWLRL-ADLQVPRSGLAGCVVGGLLYAVGGRNNSPDGNTDSSALDCYNPMTNQWSPCASMSVPRNRIG  

XP_004865558.1|Naked_mole_rat      : YFRQSLSYLEAYNPSDGTWLRL-ADLQVPRSGLAGCVVGGLLYAVGGRNNSPDGNTDSNALDCYNPMTNQWSPCAPMSVPRNRIG  

XP_006023504.1|Chinese_alligator   : YYRQSLGFLEAYNPHDGAWLRL-ADLEVPRSGLASCAVGGLLYAVGGRNNSPDGNTDSGALDCYNPMTNQWSPCAPMSVPRNRIG  

NP_001008024.1|Western_clawed_frog : YYRQSLSFLEAYNPVDGEWLTL-ASLEMPRSGLAGCVLGGLFYAVGGRNNAPDCNKDSGALDCYNPMNNQWSPCAAMSVPRNRVG  

NP_001106948.1|Danio_rerio         : YFRQSLSFLEAFNPCSGAWLRL-ADLQVPRSGLAACVISGLLYAVGGRNNGPDGNMDSHTLDCYNPMNNCWRPCAHMSVPRNRIG  

NP_878284.2|Danio_rerio            : YKQHSLDTLEAFDPHKNVWLKL-GSMMSPCSGLGACVLFGLLYTVGGRNLSLQNNTESGSLSCYNPMTNQWTQLAPLNTPRNRVG  

XP_002940707.2|Western_clawed_frog : YLQNSLSSMDAFNPQTGEWIKL-ADMLEPRSGLGACIVSGLFYAVGGRNNSCQENTDSDLLSFFNPVTNQWASRAPMNVPRNRVG  

BLOCKS                             : ----------------------------------BBBBBBBBBBBBB----------BBBBBBBBBBBBBBBBBBBBBBBB----  

FORMULA                            : 1111111111111111111111111>--<222222222222222222222222222222222222222222222222>-<33333  

                                                                                                                                                                                                                                                     

CYS_IMPORTANT_RESIDUES             : ----------------X-------C----------------------------------------X-----C-------------  

STRUCTURE_AND_FUNCTION             : --------Y--GG-----B----Z--------W----------------------Y--GGB------------------W-----  

NP_036421.2|Human                  : VGVIDGHIYAVGGSHGCIHHNSVERYEPERDEWHLVAPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRMITA  

NP_001103775.1|Mouse               : VGVIDGHIYAVGGSHGCIHHSSVERYEPERDEWHLVAPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRMITP  

NP_001094612.1|Cattle              : VGVIDGHIYAVGGSHGCIHHNSVERYEPEGDEWHLVAPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRMITP  

XP_036702860.1|Blue_whale          : VGVIDGHIYAVGGSHGCIHHNSVERYEPERDEWHLVAPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRMITP  

XP_004865558.1|Naked_mole_rat      : VGVIDGHIYAVGGSHGCIHHNSVERYEPERDEWHLVSPMLTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPERNEWRLITP  

XP_006023504.1|Chinese_alligator   : VGVIDGLIYAVGGSHGCVHHDSVERYDPECDAWERAAPMQTRRIGVGVAVLNRLLYAVGGFDGSARLRSAECYNPERNEWHPIAP  

NP_001008024.1|Western_clawed_frog : AGVIDGQIYAVGGSHGCLHHNSVERYDPERDEWHMVSPMKTRRIGVGVAVLNRLLYAVGGFDGTNRLNSAECYYPETDEWKDIAS  

NP_001106948.1|Danio_rerio         : VGVIDGMIYAVGGSHGCTHHNSVERYDPERDSWQLVSPMLTRRIGVGVAVINRLLYAVGGFDGTHRLSSAECYNPERDEWRSIAA  

NP_878284.2|Danio_rerio            : VGVIDGSIYAVGGSHASTHHNSVERYDPETNRWTFVAPMSVARLGAGVAACGGCLYVVGGFDGDNRWNTVERYQPDTNTWQHVAP  

XP_002940707.2|Western_clawed_frog : VAEIDGAIYAAGGSCGSEHHKSVEKYDPDNDRWTFVAPMPTARIGAGVVACRGRLYVVGGFDGDTRWNTVDCYDPEEDQWQPVAS  

BLOCKS                             : -------------------------------------------------------------------------------------  

FORMULA                            : 33333333333333333333333333333333333333>--<4444444444444444444444444444444444444444444  

                                                                                                                            

 

  



                                                                                                                           

CYS_IMPORTANT_RESIDUES             : ----------C----C-----------------C---------------------------------------------------  

STRUCTURE_AND_FUNCTION             : -----------------Y--GGB---------Z--------W----------------------Y--------------GGB---  

NP_036421.2|Human                  : MNTIRSGAGVCVLHNCIYAAGGYDGQDQLNSVERYDVETETWTFVAPMKHRRSALGITVHQGRIYVL------------GGYDGH  

NP_001103775.1|Mouse               : MNTIRSGAGVCVLHNCIYAAGGYDGQDQLNSVERYDVETETWTFVAPMRHHRSALGITVHQGKIYVL------------GGYDGH  

NP_001094612.1|Cattle              : MNTIRSGAGVCVLHNCIYAAGGYDGQDQLNSVERYDVETETWTFVAPMKHRRSALGITVHQGRIYVL------------GGYDGH  

XP_036702860.1|Blue_whale          : MNTIRSGAGVCVLHNCIYAAGGYDGQDQLNSVERYDVETETWTFVAPMKHRRSALGTTVHQGRIYVL------------GGYDGH  

XP_004865558.1|Naked_mole_rat      : MNTIRSGAGVCVLHNCIYAAGGYDGQDQLNSMERYDVEMETWTFVAPMKHRRSALGITVHQGRIYVL------------GGYDGH  

XP_006023504.1|Chinese_alligator   : MNTIRSGAGTCALNNCLYAMGGYDGTDQLNSTERYDVEADAWTFVAPMRHRRSALGVTTYQGKIYVL------------GGYDGH  

NP_001008024.1|Western_clawed_frog : MNIVRSGAGACALDTSVYAMGGYDGTDQLNSVERYDVEKDDWTFVAPMRHRRSALGVTVHQGKIYVL------------GGYDGS  

NP_001106948.1|Danio_rerio         : MNTVRSGAGVCALGNYIYVMGGYDGTNQLNTVERYDVEKDSWSFSASMRHRRSALGVTTHHGRIYVL------------GGYDGN  

NP_878284.2|Danio_rerio            : MNTVRSGLGVVCMDNYLYAVGGYDGQTQLKTMERYNITRDVWEPMASMNHCRSAHGVSVYQCKIFVL------------GGFNQG  

XP_002940707.2|Western_clawed_frog : METIRSGAGVVALDNYLYAVGGYDGTNQLDSVERYNIERNYWEAMAPMKHRRSAHGLTVHQGKIYALGKELKYFLNYNVGGFNAG  

BLOCKS                             : -------------------------------------------------------------------------------------  

FORMULA                            : 4>--<555555555555555555555555555555555555555555>--<6666666666666666666666666666666666  

                                                                                                                                                                           

CYS_IMPORTANT_RESIDUES             : -------C-----------------------------X--------X-X--------------------- 

STRUCTURE_AND_FUNCTION             : ---------------W------------------------------------------------------ 

NP_036421.2|Human                  : TFLDSVECYDPDTDTWSEVTRMTSGRSGVGVAVTMEPCRKQIDQQNCTC--------------------- 

NP_001103775.1|Mouse               : TFLDSVECYDPDSDTWSEVTRMTSGRSGVGVAVTMEPCRKQIDQQNCTC--------------------- 

NP_001094612.1|Cattle              : TFLDSVECYDPDTDTWSEVTRMTSGRSGVGVAVTMEPCRKQIDQQNCTC--------------------- 

XP_036702860.1|Blue_whale          : TFLDSVECYDPDTDTWSEVTCMTSGRSGVGVAVTMEPCRKQIDQQNCTC--------------------- 

XP_004865558.1|Naked_mole_rat      : TFLDSVECYDPDTDTWSEVTRMTSGRSGVGVAVTMEPCRKHIDQQNCTC--------------------- 

XP_006023504.1|Chinese_alligator   : TFLDSVECYDPATDTWTEVTCMTSGRSGVGVAVTMEPCR---DQPGCHC--------------------- 

NP_001008024.1|Western_clawed_frog : TFLDGVECYNPATDTWTEVTQMTSGRSGVGVAITMEPCRKQPCGGGLFPERVKDGSHDKKKCCFSSHTKK 

NP_001106948.1|Danio_rerio         : TFLDSVECFDPETDSWTEVTHMKSGRSGVGVAVTMEPCHK--ELIPCQC--------------------- 

NP_878284.2|Danio_rerio            : GFLSSVECYCPASNVWTLVTDMPVGRSGMGVAVTMEPCPGILPEEEEEVDEEM----------------- 

XP_002940707.2|Western_clawed_frog : GFLSSVECYCPDRNEWTEVTVMPTGCSGMSVAVTMEPCPQLCDTNEEN---------------------- 

BLOCKS                             : ---------------------------------------------------------------------- 

FORMULA                            : 666666666666666666666>------------------------------------------------ 
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 NP_001243503.1|Homo sapiens

 NP_071925.2|Homo sapiens

 XP_005161675.1|Danio rerio

 XP_002940087.2|Xenopus (Silurana) tropicalis

 XP_425879.4|Gallus gallus

 XP_006038962.1|Alligator sinensis

 NP_001186219.1|Homo sapiens

 NP_055666.2|Homo sapiens

 NP_940984.3|Homo sapiens

 NP_443152.1|Homo sapiens

 NP_001075144.2|Homo sapiens

 NP_569713.2|Homo sapiens

 NP_001034637.2|Homo sapiens

 NP_060114.2|Homo sapiens

 NP_940841.1|Homo sapiens

 XP_006718324.1|Homo sapiens

 XP_003198234.2|Danio rerio

 NP_689606.2|Homo sapiens

 NP_006054.2|Homo sapiens

 XP_004917065.1|Xenopus (Silurana) tropicalis

 XP_006030020.1|Alligator sinensis

 NP_001073417.2|Danio rerio

 NP_997218.2|Homo sapiens

 NP_056298.2|Homo sapiens

 NP_115894.2|Homo sapiens

 XP_001334231.1|Danio rerio

 XP_002938090.1|Xenopus (Silurana) tropicalis

  NP_690867.3|Homo sapiens

  NP_115514.2|Homo sapiens

 XP_005257330.1|Homo sapiens

 NP_036421.2|Homo sapiens

 NP_005888.1|Homo sapiens

 XP_006715816.1|Homo sapiens

 XP_005267826.1|Homo sapiens

 XP_005262711.1|Homo sapiens

 NP_065917.1|Homo sapiens

 NP_476503.1|Homo sapiens

 NP_065854.3|Homo sapiens

 XP_005265058.1|Homo sapiens

 XP_005245460.1|Homo sapiens

 XP_006711340.1|Homo sapiens

 XP_006710663.1|Homo sapiens

 NP_059111.2|Homo sapiens

 NP_001154993.1|Homo sapiens

 NP_071324.1|Homo sapiens

 NP_006460.2|Homo sapiens

 NP_005884.2|Homo sapiens

 NP_060613.1|Homo sapiens

 XP_005267404.1|Homo sapiens

 NP_443136.2|Homo sapiens

 NP_060786.1|Homo sapiens

 XP_006724405.1|Homo sapiens

 NP_079007.2|Homo sapiens

 XP_001923413.3|Danio rerio

 NP_001161771.1|Homo sapiens

 NP_061335.1|Homo sapiens

 NP_001003760.2|Homo sapiens

 NP_085127.2|Homo sapiens

 XP_004945797.1|Gallus gallus

 XP_006722575.1|Homo sapiens

 NP_695002.1|Homo sapiens

 XP_005173636.1|Danio rerio

 XP_004914544.1|Xenopus (Silurana) tropicalis

  NP_065833.1|Homo sapiens
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Residues number and kelch domain numeration by human Keap1 (NP_036421.2)
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Figure S5. Short version of the phylogenetic tree of the KLHL proteins with the
Nrf2 binding motif mapped onto it



A B

Figure S6. Comparison between  domain borders produced by the Pfam profile HMM 
search (top) and those annotated in the Uniprot/SwissProt database (bottom) for human
Keap1: (A) BTB and BACK domains, (B) two Kelch domains.


