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Supplementary table 1. Sequences for designed protease and substrate 

design_id design_aa_seq substrate sequence 

HC04 
(Gawi) 

TVKSFPATVTEYTTADGKTYYEIKLKDFSLTDEELEKIYQKVAETDPENKEKITAYGKALAEAG
VASKADPEKLVALAKKYGVTDRVCLLVALLYIQADPSWSLFYTPNNHFVALKVDADGKVLVR
DLNSNNTALTESSYPSREAFLASLGIVSSKTFETTVSLTASNGLPAIKIE  

GSKIISGG/S 

HC05 TVKSFPATVTEYTTADGKTYYEIKLKDFSLTDEELEKIYQKVAETDPENKEKITAYGKALAEAG
VASKADPEKLVALAKKYGVTDRVCLLVALLYIQADPSWSLFYTPNNHFVALKVDADGKVLVR
DLNSNQTALTESSYPSREAFLASLGIVSSKTFETTVSLTASNGLPAIKIE  

GSKIISGG/S 

HC06 TVKSFPATVTKYTTADGKEYYEIDLKDFKLTDEELAAIYDKVAETDPSRKEAITAYGKALAEA
GVASKADPEKLVALAKQYGVTDRICLLVALLYIQADPSWKLFYTPNNHFVAIKEDENGKVLVK
DLNANNTALTERSYPSREAFLKSLGIVSSETFETTVSLTASNGLPAIKIE  

GSKIISGG/S 

HC07 TVKSFPATVTKYTTADGKEYYEIDLKDFKLTDEELAAIYDKVAETDPSRKEAITAYGKALAEA
GVASKADPEKLVALAKQYGVTDRICLLVALLYIQADPSWKLFYTPNNHFVAIKEDENGKVLVK
DLNANQTALTERSYPSREAFLKSLGIVSSETFETTVSLTASNGLPAIKIE  

GSKIISGG/S 

HC10 VVKSFPATVTKYTTADGKEYYEIDLKDFRLTDEELKAIYDKVAETDPSRADAIRAYGDALAEA
KVAEKADPELLVALAKEYGVTDIVCLLVALLYIQADPSWKLFYTPNNHFVALKVDENGKVTV
RDLNSNNTALTERSYPSREAFLSSLGIVSSETFETTVSLTASNGLPAIKIE  

GSKIISGG/S 

HC12 
(Kal) 

ATQTLTVKVAPGVEVEVSFEGTEEQREKAQAIVDEGNKTLDSVDLGKGKLYKDKNGNIIVEISR
EQLGKAAELAKTRLPYIDGVAAAGAPGGSCLPLSIIRAYEEYYKAEELGKELGVPVSDKVLVV
NFNNQHFVVQVPVGDKLYVFDVDENNNPVYYTEPLPELTYVADVNVTFYASGISGSIEAIP   

SIVLTGSG/S 

HC13 ATQTLTVEVAPGVSVEVKFEGTEEQREKAQAIIDEAQKNLSSVNLGKGKLYKDKEGNTLVEIT
VEQLKKAAELAKTIKPAIDKVKALGAAGGSCLPLGVIRAVERYEKLKEEAKKKGLEVSETVFIK
NINDSHFVILIPVGDKWYVVDFNEKNEPVEYFIDKPELTYVGDVDVTFWVGGISGAIEITP   

SIVLTGSG/S 

HC14 ATQTLTVRVAPGVSVTVEFEGTEAQRDAAQAIIAEGEKILSSVDLGKGRLYRDKEGNIVVEITR
EQLEKAAELAKKLLPYIDAVAAAGAPGGSCLPLSLIEAVKKIEELEEEAKKKGLEVSEKVYIVNI
DNSHFVVLIPVGDKAFVVDFDANNNPVLSEVPLPELEFVGEVNITFYAGGISGAIKADL   

SIVLTGSG/S 

HC32 SLEERYKKRAEGVLEIYEVYKEVGKELAKKYPDAEVQLVNYNNSHFYLRLNTSKGVVTVDGD
ENNNPVVTDAGKTTYDEKAKEKLDKIAEEYDIDLSTTCLIRSLAIIEAFYEVNDGKSPVSLVTEG
DGVPLQEVSDANLSGKVYKKNDKSEYLELKGSWNSDGKVTLEIRNPKGEVLAKIDIKV    

VPTLTGG/G 

HC33 SEKAEYEKRAEGVKEIYEVYYETGKKLAEEYPDATVNLVNYDNSHFYLELETPEGTVIVDGDE
NNYPVVTKDGKKTVDEEAKEKLKEIAEKYDIDLSTTCLIRSLAIVQAYWETRNGKAPVRLYTE
GTGVPRQEVAEANLSGKIYKKDDKSKYLKVTGAWRPDGVLTLNLLDPEGNVLASYTIRY    

VPTLTGG/G 

HC34 
(Dokki) 

SEKAEYEKRAEGVKEIYEVYYETGKKLAEEYPDATVNLVNYDNSHFYLELETPEGTVIVDGDE
NQYPVVTKDGKKTVDEEAKEKLKEIAEKYDIDLSTTCLIRSLAIVQAYWETRNGKAPVRLYTE
GTGVPRQEVAEANLSGKIYKKDDKSKYLKVTGAWRPDGVLTLNLLDPEGNVLASYTIRY    

VPTLTGG/G 

HC37 SAKEEQKKRVEGAVEIYKVYYEAGKKLAKKYPDAKVKLVNYDNSHFYLELETPKGTVKVDG
DSNNNIVVTEGGKKTVDEEAKKKLDEIAEKYNIDLSTTCLIRSLAIIKAYQETNNGKTPVELYTE
GTGVPKKKIDEANLSGKIKEKNDSSKYINLKGSWNKDGVITLELLDENGEVLKKIEIKV    

VPTLTGG/G 

HC38 SAKEEQKKRVEGAVEIYKVYYEAGKKLAKKYPDAKVKLVNYDNSHFYLELETPKGTVKVDG
DSNQNIVVTEGGKKTVDEEAKKKLDEIAEKYNIDLSTTCLIRSLAIIKAYQETNNGKTPVELYTE
GTGVPKKKIDEANLSGKIKEKNDSSKYINLKGSWNKDGVITLELLDENGEVLKKIEIKV 

VPTLTGG/G 

Gawi-09 TVKSFPATVTKYTTADGKEYYEVDLKDFKLTDEELAAIYDKVAETDPSRKEAITAYGKALAEA
GVASKADPEKLVALAKQYGVTDRICLLVALLYIQADPSWKVFFTPNNHAVAIKEDENGKVLV
KDLNANNTALTERSYPSREAFLKSLGIVSSETFESTASLTASDGLPAIEVD 

VPTLTGG/G 

Dokki-15 GLDAEYEKLAEGVKEIYEVYYETGKKLAEEYPDATVNLVNYDNSHFYLELETPKGTVIVDGDE
NQYPIVTKNGKKTEDKEAKAKLKEIAEKYDIDLSTTCLIRSLAIVQAYWETRNGKAPVKLYSEG
TGVPRQELAAANLVSKIYKKGDKSKYLKVTGAWRPDGVLTLNLLDPNGNVLASYTIKY 

VPTLTGG/G 

Dokki-v2 GLDAEYEKLAEGVKEIYEVYYETGKKLAEEYPDATVNLVNTDNVHFYLELETPKGTVIVDGDE
NQYVIVTKNGKKTEDKEAKAKLKEIAEKYDIDLSTFCLIRSLAIVQAYWETRNGKAPVKLYSEG
TGVPRQELAAANLVSKIYKKGDKSKYLKVTGAWRPDGVLTLNLLDPNGNVLASYTIKY 

VPTLTGG/G 

 



 

Supplementary table 2. LC-MS data 

 
 

  

 
Designs 

 
Expected cleaved MW (Da) 

 
Observed MW  (Da) 

 

 
Difference (Da) 

 
hc04 (Gawi) 26913.33 26913.06 0.27 

hc05 26913.33 26913.07 0.26 

hc06 26913.33 26913.05 0.28 

hc07 26913.33 26913.06 0.27 

hc10 26913.33 26913.06 0.27 

hc12 (Kal) 26970.38 26969.99 0.39 

hc13 26970.38 26970 0.38 

hc14 26970.38 26970.03 0.35 

hc32 26970.38 26970.02 0.36 

hc33 26970.38 26970.4 -0.02 

hc34 (Dokki) 26970.38 26970.04 0.34 

hc37 26970.38 26970.05 0.33 

hc38 26970.38 26970.04 0.34 

TEV 27272.67 27272.17 0.5 

TEV C141A 53830.1849 53830.22 -0.0351 



 

Supplementary table 3. Crystallography data collection and refinement statistics 

 
*Single xtal used for each data/structure.  
*Values in parentheses are for highest-resolution shell. 
 
Cont…  

  
Kal WT complex  
PDB Code: 9YOZ 

 
Kal C103A complex  
PDB Code: 9YOY 
 

 
Dokki WT apo 
PDB Code: 9YP0 
 

Data collection    
Space group P 43 21 2 P 43 21 21 P 21 21 21 
Cell dimensions      
    a, b, c (Å) 77.23, 77.23, 104.97 77.29, 77.29, 104.66 37.44, 57.04, 75.75 

α, β, γ (˚)  90, 90, 90 90, 90, 90 90, 90, 90 
Resolution (Å) 104.97 - 2.19 (2.26 - 2.19) 104.66 - 1.96 (2.01 - 1.96) 37.88 - 1.77 (1.86 - 1.77) 
Rsym or Rmerge 0.437 (1.518) 0.105 (1.956) 0.284 (1.875) 
I / σI 11.3 (2.7) 21.1 (2.0) 9.5 (2.0) 
Completeness (%) 100 (100) 100 (100) 99.9 (99.6) 
Redundancy 25.9 (27.6) 25.9 (26.6) 9.9 (10.2) 
    
Refinement    
Resolution (Å) 62.21 - 2.19 (2.33 - 2.19)  62.17 - 1.96 (2.05 - 1.96) 37.88  - 1.77 (1.82  - 1.77) 
No. reflections 16675 (2734) 22604 (2699) 0.2452 (0.3386) 
Rwork / Rfree 0.1976 (0.3072) / 0.2546 

(0.3361) 
0.1857 (0.3229) / 0.2193 
(0.3577) 

0.1973 (0.3160)/ 0.2452 
(0.3386) 

No. atoms    
    Protein 1517 1528 1507 
  Ligand/ion n/a n/a n/a 
    Water 69 64 54 
B-factors    

    Protein 47 55 21 
    Ligand/ion n/a n/a n/a 
    Water 46 52 29 
R.m.s. deviations    
    Bond lengths (Å) 0.005 0.013 0.012 
    Bond angles (°) 0.71 1.22 1.15 



 

 

 
*Single xtal used for each data/structure.  
*Values in parentheses are for highest-resolution shell.  

  
Gawi-09 WT apo  
PDB Code: 9YOX 

 
Dokki-15 WT apo 
PDB Code: 9YNM 
 

 
Dokki-15 C100A complex 
PDB Code: 9YNL 
 

Data collection    
Space group P 1 21 1 P 21 21 21 P 41 21 2 
Cell dimensions      
    a, b, c (Å) 42.28, 61.19, 63.36 38.23, 61.86, 74.76 61.63, 61.63, 374.44 

α, β, γ (˚)  90, 105.24, 90 90, 90, 90 90, 90, 90 
Resolution (Å) 32.88 - 2.17 (2.28 - 2.17) 34.04 - 1.34 (1.42 - 1.34) 34.48 - 3.38 (3.56 - 3.38) 
Rsym or Rmerge 0.242 (2.212) 0.094 (1.888) 0.755 (4.883) 
I / σI 5.7 (1.6) 11.0 (0.4) 5.0 (1.4) 
Completeness (%) 99.5 (98.8) 85.6 (46.1) 99.9 (100) 
Redundancy 7.0 (7.0) 11.4 (4.7) 25.2 (27.0) 
    
Refinement    
Resolution (Å) 32.88 - 2.17 (2.23 - 2.17)  34.04  - 1.56 (1.61  - 1.56) 34.48  - 3.38 (3.53  - 3.38) 
No. reflections 16577 (1386) 25703 (2197) 10991 (1315) 
Rwork / Rfree 0.2079 (0.2886) / 0.2655 

(0.3424) 
0.1715 (0.2117) / 0.2017 
(0.2625) 

0.2226 (0.2974) / 0.2794 
(0.3333) 

No. atoms    
    Protein 2868 1512 4543 
  Ligand/ion 10 n/a n/a 
    Water 55 207 6 
B-factors    
    Protein 38 22 94 
    Ligand/ion 47 n/a n/a 
    Water 37 34 56 
R.m.s. deviations    
    Bond lengths (Å) 0.002 0.010 0.002 
    Bond angles (°) 0.48 1.15 0.44 



 

Supplementary table 4. Foldseek analysis for crystal structures 

 
Supplementary table 5. Kinetics summary of sequence specific cysteine proteases 

 

  

 
Designs 

 
TM score 

 
Database 

 

 
Target 

 
Kal WT complex 0.48 AFDB50 AF-A0A923ZJ62-F1-model_v6 

Kal C103A complex  0.49 AFDB50 AF-A0A923ZJ62-F1-model_v6 

Gawi-09 WT apo 0.46 AFDB50 AF-A0A0X8G3I4-F1-model_v6 

Dokki WT apo 0.50 All databases A0A346A683 

Dokki-15 WT apo 0.50 MGNIFY_ESM30 MGYP001077622663 

Dokki-15 C100A complex 0.48 CATH50 2.170.210.20 Q9N4L1 1-108 

 
Enzymes substrate kcat (s-1) KM (µM) kcat/KM (M-1 s-1) 

Dokki DABCYL–GSVPTLTGG↓GS 
– EDANS  0.0003 ± 0.0001 1900 ± 700 0.15 ± 0.08 

Dokki-15 DABCYL–GSVPTLTGG↓GS 
– EDANS  0.0011 ± 0.0001 89 ± 10 12 ± 2 

Dokki-v2 DABCYL–GSVPTLTGG↓GS 
– EDANS  0.064 ± 0.005 154 ± 14 413 ± 50 

 
Ulp1 

eGFP– SUMO-REQIGG↓G–
mScarlet 6.1 ± 0.5 17 ± 2 3.5 ± 0.4 × 105 

eGFP–REQIGG↓G–mScarlet Not measurable Not measurable Not measurable 

TEV(Kapust et al. 
2001) 

ENLYFQ↓S 
 0.16 ± 0.01 61 ± 10 2620 ± 460 

mPro(Kenneson et al. 
2025) 

DABCYL–
KTSAVLQ↓SGFRKME–

(EDANS)-NH2  1.23 190 6,600 

HRV3C(Kenneson et 
al. 2025) 

MBP–LEVLFQ↓X-6His–
GFP/GST 0.021-0.32 34 - 49 390 - 4730 

https://paperpile.com/c/ZOCczP/aSyF
https://paperpile.com/c/ZOCczP/aSyF
https://paperpile.com/c/ZOCczP/DUPf
https://paperpile.com/c/ZOCczP/DUPf
https://paperpile.com/c/Ctldwh/qibh
https://paperpile.com/c/Ctldwh/qibh


 

 

Supplementary Fig. 1 | Full image for SDS-page gel. 

Full SDS-page gel image for a, Figure 1d, b–g, Extended data Figure 2 

  



 

 

Supplementary Fig. 2 | Gel-based kinetic analysis of Ulp1 cleavage activity. 

Ulp1 activity against eGFP–peptide–mScarlet substrates was measured using a gel-based cleavage assay. a, For 
SUMO-containing substrates, reactions contained 30 nM Ulp1 and two-fold serial dilutions of substrate from 20 to 
0.6 µM. Reactions were incubated for 1 min at room temperature. Each concentration performed three technical 
replicates. b, For substrates lacking SUMO, reactions contained 1 µM Ulp1 and two-fold serial dilutions of 
substrate from 90 to 2.8 µM. Reactions were incubated for 1 h at room temperature. Each concentration performed 
three technical replicates. Reaction products were resolved by SDS–PAGE, stained with Coomassie blue and 
imaged on a LI-COR imaging system using Coomassie detection. c, Steady-state kinetic analysis of the Ulp1 to 
with/without SUMO substrate, fitted to the Michaelis–Menten substrate inhibition model to derive apparent kcat, 
KM, KI, and catalytic efficiency (kcat/KM). Error bars represent the standard deviation of three technical replicates.   



 

 

 

Supplementary Fig. 3 |  Raw image for cell-based reporter assay 

a–g, Representative fluorescence microscopy images of HeLa cells before crop. Cropped region is shown as white 
box a, Dokki; b, Dokk-15i; c, Dokki-v2; d, Dokki C100A; e, Dokki-15 C100A; f, Dokki-v2 C100A; g, Negative 
control.   



 

Supplementary information 1. pCool6 plasmid DNA sequence  

actcctgcattaggaagcagcccagtagtaggttgaggccgttgagcaccgccgccgcaaggaatggtgcatgcaaggagatggcgcccaacagtcccccggcca
cggggcctgccaccatacccacgccgaaacaagcgctcatgagcccgaagtggcgagcccgatcttccccatcggtgatgtcggcgatataggcgccagcaaccg
cacctgtggcgccggtgatgccggccacgatgcgtccggcgtagaggatcgagatcgatctcgatcccgcgaaattaatacgactcactataggggaattgtgagcg
gataacaattcccctctagaaataattttgtttaactttaagaaggagatatacatatgTCAGGAGGAGACCGAaagcgtattacagtgacagttgacagcg
acagctatcagttgctcaaggcatatatgatgtcaatatctccggtctggtaTgcacaaccaagaatgaagcccATGCAGTTTAAGGTTTACACCT
ATAAAAGAGAGAGCCGTTATCGTCTGTTTGTGGATGTACAGAGTGATATTATTGACACGCCCGGGCG
ACGGATGGTGATCCCCCTGGCCAGTGCACGTCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCG
GTGGTGCATATCGGGGATGAAAGCTGGCGCATGATGACCACCGATATGGCCAGTGTGCCGGTtTCCG
TTATCGGGGAAGAAGTGGCTGATCTCAGCCACCGCGAAAATGACATCAAAAACGCCATTAACCTGA
TGTTCTGGGGAATAtgaACGGTCTCGTTCCGGCAGCGGCAGCGGCAGCATGGATAGCACCGAAGCGGT
GATTAAAGAATTTATGCGCTTTAAAGTGCATATGGAAGGCAGCATGAACGGCCATGAATTTGAAATT
GAAGGTGAAGGCGAAGGCCGCCCGTATGAAGGCACCCAGACCGCGAAACTGAAAGTGACCAAAGG
CGGCCCGCTGCCGTTTAGCTGGGATATTCTGAGCCCGCAGTTTATGTATGGCAGCCGCGCGTTTATTA
AACATCCGGCGGATATCCCGGATTATTGGAAACAGAGCTTTCCGGAAGGTTTTAAATGGGAACGCGT
GATGATCTTTGAAGATGGTGGCACCGTGAGCGTGACCCAGGATACCAGCCTGGAAGATGGCACCCT
GATTTATAAAGTGAAACTGCGCGGCGGCAACTTTCCGCCGGATGGCCCGGTGATGCAGAAACGCAC
CATGGGCTGGGAAGCGAGCACCGAACGCCTGTATCCGGAAGATGTGGTGCTGAAAGGCGATATTAA
AATGGCGCTGCGCCTGAAAGATGGCGGCCGCTATCTGGCGGATTTTAAAACCACCTATAAAGCGAA
GAAACCGGTGCAGATGCCGGGCGCCTTTAACATTGATCGCAAACTGGATATTACCAGCCATAACGA
AGATTATACCGTGGTGGAACAGTATGAACGCAGCGTGGCGCGCCATAGCACCGGCTCTcatcatcatcacca
TCATtaatgagatccggctgctaacaaagcccgaaaggaagctgagttggctgctgccaccgctgagcaataactagcataaccccttggggcctctaaacgggt
cttgaggggttttttgctgaaaggaggaactatatccggattggcgaatgggacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagcgt
gaccgctacacttgccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcgccacgttcgccggctttccccgtcaagctctaaatcgggggctcccttta
gggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgccctgatagacggtttttcgccctttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggcctattggttaaaa
aatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttcta
aatacattcaaatatgtatccgctcatgaattaattcttagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaag
ccgtttctgtaatgaaggagaaaactcaccgaggcagttccataggatggcaagatcctggtatcggtctgcgattccgactcgtccaacatcaatacaacctattaattt
cccctcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatccggtgagaatggcaaaagtttatgcatttctttccagacttgttcaacaggcca
gccattacgctcgtcatcaaaatcactcgcatcaaccaaaccgttattcattcgtgattgcgcctgagcgagacgaaatacgcgatcgctgttaaaaggacaattacaaa
caggaatcgaatgcaaccggcgcaggaacactgccagcgcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgctgttttcccggggatcgca
gtggtgagtaaccatgcatcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattccgtcagccagtttagtctgaccatctcatctgtaacatcattg
gcaacgctacctttgccatgtttcagaaacaactctggcgcatcgggcttcccatacaatcgatagattgtcgcacctgattgcccgacattatcgcgagcccatttatac
ccatataaatcagcatccatgttggaatttaatcgcggcctagagcaagacgtttcccgttgaatatggctcataacaccccttgtattactgtttatgtaagcagacagtttt
attgttcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctg
cttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaat
actgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgat
aagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacg
acctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaac
aggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggg
gggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataa
ccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcctgatgcggtatttt
ctccttacgcatctgtgcggtatttcacaccgcatatatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagtatacactccgctatcgctacgtgact
gggtcatggctgcgccccgacacccgccaacacccgctgacgcgccctgacgggcttgtctgctcccggcatccgcttacagacaagctgtgaccgtctccgggag
ctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgaggcagctgcggtaaagctcatcagcgtggtcgtgaagcgattcacagatgtctgcctgttcatcc



 

gcgtccagctcgttgagtttctccagaagcgttaatgtctggcttctgataaagcgggccatgttaagggcggttttttcctgtttggtcactgatgcctccgtgtaagggg
gatttctgttcatgggggtaatgataccgatgaaacgagagaggatgctcacgatacgggttactgatgatgaacatgcccggttactggaacgttgtgagggtaaaca
actggcggtatggatgcggcgggaccagagaaaaatcactcagggtcaatgccagcgcttcgttaatacagatgtaggtgttccacagggtagccagcagcatcctg
cgatgcagatccggaacataatggtgcagggcgctgacttccgcgtttccagactttacgaaacacggaaaccgaagaccattcatgttgttgctcaggtcgcagacg
ttttgcagcagcagtcgcttcacgttcgctcgcgtatcggtgattcattctgctaaccagtaaggcaaccccgccagcctagccgggtcctcaacgacaggagcacgat
catgcgcacccgtggggccgccatgccggcgataatggcctgcttctcgccgaaacgtttggtggcgggaccagtgacgaaggcttgagcgagggcgtgcaagat
tccgaataccgcaagcgacaggccgatcatcgtcgcgctccagcgaaagcggtcctcgccgaaaatgacccagagcgctgccggcacctgtcctacgagttgcat
gataaagaagacagtcataagtgcggcgacgatagtcatgccccgcgcccaccggaaggagctgactgggttgaaggctctcaagggcatcggtcgagatcccgg
tgcctaatgagtgagctaacttacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcgggga
gaggcggtttgcgtattgggcgccagggtggtttttcttttcaccagtgagacgggcaacagctgattgcccttcaccgcctggccctgagagagttgcagcaagcggt
ccacgctggtttgccccagcaggcgaaaatcctgtttgatggtggttaacggcgggatataacatgagctgtcttcggtatcgtcgtatcccactaccgagatgtccgca
ccaacgcgcagcccggactcggtaatggcgcgcattgcgcccagcgccatctgatcgttggcaaccagcatcgcagtgggaacgatgccctcattcagcatttgcat
ggtttgttgaaaaccggacatggcactccagtcgccttcccgttccgctatcggctgaatttgattgcgagtgagatatttatgccagccagccagacgcagacgcgcc
gagacagaacttaatgggcccgctaacagcgcgatttgctggtgacccaatgcgaccagatgctccacgcccagtcgcgtaccgtcttcatgggagaaaataatact
gttgatgggtgtctggtcagagacatcaagaaataacgccggaacattagtgcaggcagcttccacagcaatggcatcctggtcatccagcggatagttaatgatcag
cccactgacgcgttgcgcgagaagattgtgcaccgccgctttacaggcttcgacgccgcttcgttctaccatcgacaccaccacgctggcacccagttgatcggcgc
gagatttaatcgccgcgacaatttgcgacggcgcgtgcagggccagactggaggtggcaacgccaatcagcaacgactgtttgcccgccagttgttgtgccacgcg
gttgggaatgtaattcagctccgccatcgccgcttccactttttcccgcgttttcgcagaaacgtggctggcctggttcaccacgcgggaaacggtctgataagagacac
cggcatactctgcgacatcgtataacgttactggtttcacattcaccaccctgaattgactctcttccgggcgctatcatgccataccgcgaaaggttttgcgccattcgat
ggtgtccgggatctcgacgctctcccttatgcg 
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gaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaat
taaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatcca
tagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgGgacccacgctcaccggctccagatt
tatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagta
gttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcg
agttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactg
cataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggc
gtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatcca
gttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaata
agggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataa
acaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtggatcccctgagggggcccccatgggctagaggatccggcctcggcctctgcataaat
aaaaaaaattagtcagccatgagcttggcccattgcatacgttgtatccatatcataatatgtacatttatattggctcatgtccaacattaccgccatgttgacattgattatt
gactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacga
cccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagt
acatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttcctacttggca
gtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccatt
gacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggag
gtctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcccctcga
agcttacatgtggtaccgagctcggatcctgagaacttcagggtgagtctatgggacccttgatgttttctttccccttcttttctatggttaagttcatgtcataggaagggg
agaagtaacagggtacacatattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatct
ctttctttcagggcaataatgatacaatgtatcatgcctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttct
gcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccagctaccattctgcttttattttatggttgggataaggctggattattctgagtccaa
gctaggcccttttgctaatcatgttcatacctcttatcttcctcccacagctcctgggcaacgtgctggtctgtgtgctggcccatcactttggcaaagcacgtgagatctga
attctgacactAAGGTTGAGACCgccaccaagcgtattacagtgacagttgacagcgacagctatcagttgctcaaggcatatatgatgtcaatatctccggt



 

ctggtaTgcacaaccaagaatgaagcccATGCAGTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTATCGTCTGT
TTGTGGATGTACAGAGTGATATTATTGACACGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGTGC
ACGTCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCGGTGGTGCATATCGGGGATGAAAGCTGG
CGCATGATGACCACCGATATGGCCAGTGTGCCGGTtTCCGTTATCGGGGAAGAAGTGGCTGATCTCA
GCCACCGCGAAAATGACATCAAAAACGCCATTAACCTGATGTTCTGGGGAATAtgaGGTCTCcCCTActc
aaatcctgcacaacagattcttcatgtttggaccaaatcaacttgtgataccatgctcaaagaggcctcaattatatttgagtttttaatttttatgaaaaaaaaaaaaaaaaa
cggaattcaccccaccagtgcaggctgcctatcagaaagtggtggctggtgtggctaatgccctggcccacaagtatcactaagctcgctttcttgctgtccaatttctat
taaaggttcctttgttccctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaatgatgtattt
aaattatttctgaatattttactaaaaagggaatgtgggaggtcagtgcatttaaaacataaagaaatgaagagctagttcaaaccttgggaaaatacactatatcttaaact
ccatgaaagaaggtgaggctgcaaacagctaatgcacattggcaacagcccctgatgcctatgccttattcatccctcagaaaaggattcaagtagaggcttgatttgg
aggttaaagttttgctatgctgtattttacattacttattgttttagctgtcctcatgaatgtcttttcactacccatttgcttatcctgcatctctcagccttgactccactcagttctc
ttgcttagagataccacctttcccctgaagtgttccttccatgttttacggcgagatggtttctcctcgcctggccactcagccttagttgtctctgttgtcttatagaggtctac
ttgaagaaggaaaaacagggggcatggtttgactgtcctgtgagcccttcttccctgcctcccccactcacagtgacccggaatccctcgacatggcagtctagcacta
gtgcggccgcagatctgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacaga
atcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccc
tgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctg
ttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctc
caagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggc
agcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtat
ctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattac
gcgcagaaaaaaaggatctcaa 

 


