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[bookmark: _Toc96712774]Supplementary note

Amino acid sequence determination. 
We first identified a preliminary 131-amino acid sequence of native ThC (nThC) isolated from the sponge using mass spectrometry and Edman degradation after peptic digestion (Supplementary Fig. 1a). A draft ThC based on this sequence assigned lysine (K) to the 25th amino acid residue. However, unlike nThC, the draft ThC failed to promote the proliferation of MPL activation-dependent Ba/F3-HuMpl, even at high concentrations (Supplementary Fig. 1b). This lack of activity showed that at least one amino acid residue in the draft-ThC sequence was assigned incorrectly. Therefore, we performed X-ray crystal structure analysis of nThC and found that the 25th amino acid residue originally assigned as K in the draft-ThC sequence was glutamic acid (E) or glutamine (Q) (Supplementary Fig. 1c). An LC-MS/MS experiment unambiguously identified this residue as Q (Supplementary Fig. 1d-f), and the complete amino acid sequence of ThC was determined.


Supplementary Fig. 1
a
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[bookmark: _Toc96712775]Supplementary Fig. 1. Sequense determination of ThC
a Draft amino acid sequence of nThC. Amino acid sequence of native ThC was first determined on the basis of Edman degradation (black line), and MALDI-TOF MS/MS de novo sequecing data of chymotrypsin (green), trypsin, (blue), and V8 protease (orange) digests. The 25th residue was assignes to by lysine (red letter) for draft nThC (d-ThC). b Effect of rThC (Q25) and d-ThC (Q25K) on cell proliferation of Ba/F3-HuMpl cells. c Electron density of the 25th residue. Atomic models of Lys (left) and Gln (right) are in the electron density of nThC. Gln fits well (right) whereas Lys does not with the electron density (left).


[bookmark: _Hlk86964487]Supplementary Fig. 1d
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[bookmark: _Toc96712776]Supplementary Fig. 1. (continued)
c The amino acid sequence of nThC was re-examined by using ultrahigh resolution LC-MS/MS de novo sequencing. Peptide fragments, of which amino acid sequence were determined, generated by trypsin or chymotrypsin and shown red and green, respectively. Cys residue was treated with iodoacetamide to prevent from S-S bond reformation thus Cys residue was searched as Cys carbamidomethylation.


Supplementary Fig. 1e
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[bookmark: _Toc96712777]Supplementary Fig. 1. (continued)
d Mass spectrometry confirmation of the identified peptides of nThC compared with rThC. Extracted ion chromatograms (XICs) of the identified peptides of rThC and nThC were shown as black and red, respectively. MS spectra of the charged peptide ion from rThC (upper) and nThC (bottom) at the XIC peak are shown, respectively. RT, retention time; PD, the peptide identified by Proteome Discoverer (Thermo Scientific); PEAKS, the peptide identified by PEAKS studio X (Bioinformatics Solutions); Dppm, parts per million of the mass differences between observed and theoretical m/z values. The m/z, RT, and Dppm of the peptide identified by PD or PEAKS were indicated. Carbamidomethyl-Cys residue was shown as lower case.


Supplementary Fig. 1f.[image: グラフィカル ユーザー インターフェイス, アプリケーション, タイムライン

自動的に生成された説明]

[bookmark: _Toc96712778]Supplementary Fig. 1. (continued)
f Annotated MS/MS fragmentation spectra for a putative N-terminal 9-28 residues, TISFPAGLIVSLNASVQSSR, derived from rThC (upper panel) and nThC (lower panel). MS/MS spectra were deconvoluted into singly charged ions from the observed spectra and theoretical m/z values for fragment ions were assigned for each peak. The identified matches for the N-terminal-containing ions are shown in blue and those for the C-terminal-containing ions in red. The m/z differences between theoretical and observed values for all assigned peaks were displayed in error map and were less than 0.02 Da. The MS/MS spectra confirmed that 25th residue was clearly assigned as Q. The exact masses and precursor isotope distribution of MS1 spectrum for the peptides derived from nThC and rThC (1-28 residues, 25Q) was also identical (B-1), in line with above sequence analyses confirming that 25th residue the N terminal sequence is Q, not E.


Supplementary Fig. 2
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[bookmark: _Toc96712779]Supplementary Fig. 2. Cell proliferation assay for Ba/F3 and Ba/F3-HuMpl cells in the presence or absence of ligand　
Cell proliferation assay of Ba/F3 and Ba/F3-HuMpl cells in the absence or presence of the indicated ligand. murineIL-3 (10 ng/mL), humanTPO (10 ng/mL), ThC (0.5 mg/mL), PA-IIL (30 mg/mL).
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Supplementary Fig. 3
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[bookmark: _Toc96712780]Supplementary Fig. 3. Phylogenetic tree of ThC and putative bacterial fucose binding lectins and TPO
Bootstrap probabilities of 1,000 replications are shown at each node. A scale bar indicates the genetic distance represented by the horizontal branches. 


Supplementary Fig. 4


[bookmark: _Hlk96710843][bookmark: _Toc96712781]Supplementary Fig. 4. Relative cell growth by TPO in the presence of various sugars in Ba/F3-HuMpl cells 
Positive control contains TPO (10 ng/mL) and negative control without agonist. Each 10 mM of sugar was present.




















[bookmark: _Hlk96711004][image: 食品 が含まれている画像

自動的に生成された説明]Supplementary Fig. 5 
[bookmark: _Toc96712782]Supplementary Fig. 5. Stereo representation of superposition of nThC (green) and rThC (red)




Supplementary Fig. 6
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自動的に生成された説明]

[bookmark: _Hlk96711576][bookmark: _Toc96712783]Supplementary Fig. 6. Close-up view of carbohydrate binding site in complex with rThC and D-mannose 
Fo-Fc map of the carbohydrates and Ca2+ ions are shown. Individual protomers are shown gray and pink, respectively.
























Supplementary Fig. 7
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自動的に生成された説明]
[bookmark: _Toc96712784]Supplementary Fig. 7. Affinity of rThC against carbohydrate-immobilized agarose gel
Chemical structure of the carbohydrates tested (A) and their binding with rThC (B). (A) fucose, mannose, lactose, N-acetylgalactosamine, and N-acetylglucosamine. Red arrows indicate hydroxyl groups which are recognized by rThC and Ca2+ ions. (B) Binding of rThC to the fucose-, mannose-, lactose, N-acetylglucosamine-, and N-acetylgalactosamine-immobilizing resin in the presence of 5 mM CaCl2. Lane 1: rThC added to the resin, 2: flow through fraction, 3: wash fraction, 4: rThC bound on the resin.
















Supplementary Fig. 8
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[bookmark: _Hlk96711771][bookmark: _Toc96712785]Supplementary Fig. 8. Results of ITC for rThC and mutants 
rThC (top) and mutants (bottom). KD values are shown at the bottom. Thermodynamic parameters are shown in Supplementary Table S1.


Supplementary Fig. 9



 
[bookmark: _Toc96712786]Supplementary Fig.9. Effect of rThC G132 on cell proliferation of Ba/F3-HuMpl cells
Cells were cultured with indicate concentration (mg/mL) ThC for 4 days.


[bookmark: _Hlk96711903]Supplementary Fig. 10
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[bookmark: _Toc96712787]Supplementary Fig.10. Structural comparison between ThC dimer, PA-IIL dimer (PDB ID 2JDP), and BC2L-C-CTD dimer (PDB ID 2XR4) 






















Supplementary Fig. 11
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[bookmark: _Toc96712788]Supplementary Fig. 11. Results of ITC of BC2LC-CTD (top) and PA-IIL (bottom) 
KD values are shown at the bottom. Thermodynamic parameters are shown in Table S1.


Supplementary Fig. 12



[bookmark: _Toc96712789]Supplementary Fig. 12. Effect of hypnin on Ba/F3 cell proliferation
Cells were cultured with 10 ng/mL mIL-3 for 4 days. IC50 > 47 mg/mL.


Supplementary Fig. 13



[bookmark: _Toc96712790]Supplementary Fig. 13. Comparable STAT5 activation by TPO with MPL bearing N/Q mutation
STAT5 reporter activity in HEK293T cells expressing a series of N/Q mutant constructs when stimulated by TPO (10 ng/mL). ns = no significance.
















Supplementary Fig. 14




[bookmark: _Toc96712791]Supplementary Fig. 14. Interference of the TPO-dependent internalization of MPL from cell surface by ThC
0, 10, 30, 120 and 240min after the addition of ThC (0.1 mg/mL), ThC/TPO (0.1 mg/mL and 0.2 ng/mL, respectively), TPO (0.2 ng/mL) and control (No agonist), levels of cell surface MPL was determined and depicted. 

2

image1.emf
                        

protein  ligand  5mM  CaCl 2  K D   H   S  K A  K D   in the  previous  report  

(  M) a  (kcal  mol - 1 ) b  (cal mol - 1   K - 1 ) b  (M - 1   x 10 4 ) b  (  M)  

rThC  fucose  +  4.72 ± 0.25  - 8.14  - 2.94  21.2 ± 1.12   

  -  NB  NB  NB  NB   

 mannose  +  66.2 ± 15.3  - 0.76  16.6  1.51 ± 0.35   

  -  NB  NB  NB  NB   

Q25K  fucose  +  NB  NB  NB  NB   

G132  fucose  +  NB  NB  NB  NB   

BC2LC - CTD  fucose  +  NB  NB  NB  NB   

 mannose  +  17.7 ± 0.32  - 10.0  - 11.9  5.65 ± 0.42  37.4 c  

PA - IIL  fucose  +  2.78 ± 0.30  - 6.46  3.75  35.9 ± 3.90  2.9 ± 0.03 d  

   mannose  +  78.7 ± 23.6  - 9.46  - 12.9  1.27 ± 0.38  (Me -  - Man: 71 ±  3) d  

Not bound is indicated by "NB".  

a   K D   = 1/K A  

b   RT ln K A   =   H  - T  S  

c   https://doi.org/10.1371/journal.ppat.1002238  

d   https://febs.onlinelibrary.wiley.com/doi/full/10.1016/j.febslet.2006.01.030  
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Primer name  Primer sequence  

MPL N117Q_Fw  5' - GTGTTCCTACAGCAGACTCGGACTCAGCGAGTCC - 3'  

MPL N117Q_Rev  5' - CGAGTCTGCTGTAGGAACACATTCTTCACCCAG - 3'  

MPL N178Q_Fw  5' - GATCCCAAGCAGTCCACTGGTCCCACGGTCATACAG - 3'  

MPL N178Q_Rev  5' - CCAGTGGACTGCTTGGGATCTCTGGGGCCATAGC - 3'  

MPL N298Q_Fw  5' - GACCTGAAGCAGGTTACCTGTCAATGGCAGCAAC - 3'  

MPL N298Q_Rev  5' - CAGGTAACCTGCTTCAGGTCCAAGGTAAAGCATTGC - 3'  

MPL N358Q_Fw  5' - CAAGTCACGACAGGACAGCATTATTCACATCCTTG - 3'  

MPL N358Q_Rev  5' - GCTGTCCTGTCGTGACTTGAAGTGGCAGCGAGAG - 3'  
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Supplementary Fig. S1A
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Supplementary Fig. S1B-1
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TVINMEPPTFISDGNDY (res 56-72)
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charge 3 (theoretical m/z=638.29262)
recombinant m/z=638.2927, RT=11.71, Δppm=0.2 (PEAKS)
Native m/z=638.2935, RT=11.80, Δppm=1.4 (PEAKS)
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RT: 0.00 - 20.00
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TVELSPQATPGILQTESSRVDNGRL (res 73-97)



charge 4 (theoretical m/z=667.85297)
recombinant m/z=667.85278, RT=9.83, Δppm=-0.33 (PD)
Native



charge 3 (theoretical m/z=890.13487)
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Native m/z=890.13531, RT=9.89, Δppm=0.46 (PD)
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RT: 0.00 - 20.00
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NL: 6.95E5
m/z= 738.38657-738.40133 
F: FTMS + p ESI Full ms 
[350.0000-1200.0000]  MS 
cAosr014_002_cNThc_4uL_
T20_A
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F: FTMS + p ESI Full ms 
[350.0000-1200.0000]  MS 
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eq_4uL_T20_A
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AV: 1 T: FTMS + p ESI Full 
lock ms 
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[350.0000-1200.0000] 



ATPGILQTESSRVDNGRLIW (res 80-99)



charge 3 (theoretical m/z=738.39395)
recombinant m/z=738.39441, RT=10.09, Δppm=0.57 (PD)
Native m/z=738.39429, RT=10.14, Δppm=0.41 (PD)
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LIWQNYAFGANDGGcIVGDR (res 97-116)
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lock ms 
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GANDGGcIVGDRDFNDVF (res 105-122)



charge 2 (theoretical m/z=964.41560)
recombinant m/z=964.41559, RT=10.41, Δppm=-0.06 (PD)
Native m/z=964.41583, RT=10.43, Δppm=0.19 (PD)
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DFNDVFVLITGLVR (res 117-130)
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VLITGLVRG (res 123-131)



charge 2 (theoretical m/z=464.30293)
recombinant
Native m/z=464.40289, RT=9.30, Δppm=-0.14 (PD)
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