Design of an expression system to enhance MBP-mediated crystallization
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Table S1. Crystal structures containing the MBP fusion tags.

Deposition | PI of Size of
PDB ID Target Protein P Target Reference
year Target .
(residues)

Dominant B-cell epitope from 1

1A7L PRES?2 region of HBV 1998 4.3 26
IMG1 HTLV-1 GP21 ectodomain 1999 7.8 84 ’
1HSJ SarR protein from 2000 9.3 115 3

Staphylococcus aureus
IMH3, 1MH4 Yeast MATal hgmeodomaln 2002 11 50 4
protein
1R6Z Argonaute2 PAZ domain 2003 9.2 139 >
INMU Sac.charomyces cerevisiae 2003 98 104 6
ribosomal protein L30
1Y4C IL-4 antagonist 2004 9.4 114 !
1TOK Yeast L30e-mRNA complex 2004 9.8 105 5
1IYTV A C-terminal fragment of the 2005 91 66 9
V1a vasopressin receptor
APPBP1-UBA3~NEDDS-NE
INVU DD8-MgATP-UbcI2(CL1IA) | 5500 5.5 431 10
, a trapped ubiquitin-like
protein activation complex

20BG Monobody MBP-74 2006 4.94 91 "
20K2 MutS C-terminal domain 2007 43 35 "




2VGQ Human IPS-1 CARD 2007 5.2 93
2X7Z3 BLV TM hairpin 2010 8 92 1
TIM40/MIA40, WT and 15
3A3C, 2ZXT €296, C298S mutant 2009 4.7 77
Human parathyroid hormone
in complex with the
3C4M extracellular domain of its 2008 6.3 160 16
G-protein-coupled receptor
(PTHIR)
3CSG, 3CSB Monobody YS1(MBP-74) 2008 4.5 91 "
3D4C, 3D4G, | ZP-N domain of mammalian 18
3EF7 sperm receptor ZP3 2008 6.5 102
3DMO RACKI1 from A. thaliana 2008 8.1 324 N
Extracellular domain of
3EHS, 3EHT, | human corticotropin releasing 20
3EHU factor receptor type 1 2008 6.3 o8
(CRFR1)
Heparan sulfate
3F5F 2-O-sulfotransferase from 2008 8.9 288 2
gallus gallus
Islet Amyloid Polypeptide 22
3G7V (IAPP or Amylin) 2009 8.9 37
Extracellular domain of the
human parathyroid hormone
3H3G receptor .(PTHlR) n .complex 2009 6.3 160 23
with parathyroid
hormone-related protein
(PTHrP)
3H4Z Der p 7 protein 2009 4.9 198 M
N-Terminal RNASE H
3HST domain of rv2228c from 2009 6.7 141 »
Mpycobacterium tuberculosis
3104, 3106, Huntingtin amino-terminal 2%
3I0R, 310T, region Q17-C90 2009 10.2 79
310U, 310V, . 27
3I0W TRPA1 ion channel 2015 6.2 1132
Human parathyroid hormone 28
3L2J) receptor (PTHIR) 2011 6.6 159
3LBS, 3LCS Cytoplasmic tail of (pro)renin 2010 6 19 29
receptor
3MP1, 3MP6, Complex of Sgf29 and 30
3MP8 trimethylated H3K4 2010 79 146
Ectodomain Mutant of 31
3MQ9 BST-2/Tetherin/CD317 2010 >3 86
Human CRFR?2 alpha
IN93, 3NDS, extracellular domain in 2010 43 102 32
3N96 . .
complex with Urocortin 2
Human pituitary adenylate
IN94 cyclasell Receptor-short 2010 44 97 33
N-terminal extracellular
domain
303U Human Receptor for 2010 98 210 34

Advanced Glycation




Endproducts (RAGE)

Extra-cellular domain of

35

30AIl . . 2010 5 121
human myelin protein zero
30B4 Major peanut allergen Ara h 2 2010 5.8 130 %
Green fluorescent protein 37
30SR, 30SQ inserted into MBP 2010 59 248
Full-length Bovine
Papillomavirus oncoprotein 38
3PY7 E6 in complex with LD1 2010 8.2 152
motif of paxillin
3Q25, 3Q26, .
3Q27,3Q28, | Humen a(lll’flla;yn“dem 2011 8.3 19 3"
30Q29
3RUM Glycopeptide antibiotic-target 2011 N/A 5 40
complexes
3VD8 Human AIM2 PYD domain 2012 9.2 107 4
Peroxisomal targeting signal
2 (PTS2) of Saccharomyces
3W15 cerevisiae 3-ketoacyl-CoA 2012 8.5 17 2
thiolase in complex with
Pex7p and Pex21p
C-terminal globular domain
3WAI of oligosaccharyltransferase 2013 52 369 s
from Archaeoglobus fulgidus
Rhesus TRIMS5alpha 44
4B3N PRY/SPRY domain 2012 8.6 222
4BLS, 4BL9, | Full-length human Suppressor
4BLB of fused (SUFU) 2013 > 460 N/A
Myosin-binding protein ¢ 45
4EDQ residues 149-269 2012 6.1 121
4DXB, 4DXC | | EM-1proteinRG13 in 2012 5.45 260 4
complex with zigroup
ADEQ The Neuropilin-1/VEGF-A 2012 88 218 47
complex
Human Six1 Bound to 48
4EGC Human Eya2 Eya Domain 2012 08 189
The C-terminal domain of the
4EXK uncharacterized protein 2012 9.2 119 9
STM14
4FES8, 4FEB, | Htt36Q3H-EX1-X1-C1(Alph 37
AFEC, 4FED 2) 2012 8.3 82
Full-length human
papillomavirus oncoprotein
4GIZ E6 in complex with LXXLL 2012 4.1 18 %0
peptide of ubiquitin ligase
E6AP
4GLI Human SMN YG-Dimer 2012 9.5 37 >
4HIG Candida alblcans. Kar3 motor 2012 85 344 5
domain
AIFP Human NLRP 1-CARD 2012 6.5 90 53
domain
AIKM Human CAR]?S-CARD 2012 5 87 54
domain
4JBZ Mcm10 coiled-coil region 2013 6.1 32 >




MBP Fused Human

56

4KEG SPLUNC]1 2013 5.7 220
Ubiquitin-like domain of the
4KV3 Mycobacterium Fuberculos1s 2013 49 114 57
type VII secretion system
protein EccD1
4KYC, The C-terminal domain of the 58
4KYD, 4KYE HPIV4B phosphoprotein 2013 10.3 >6
The orphan nuclear receptor 59
4L.OG PNR ligand 2013 6.7 197
AMY?2 Cysteine-rich g.rowth factor 2013 91 104 60
Norrin
4NUF SHP/EID]1 2013 5.9 208 o
402X A malarial protein 2013 9.3 132 o2
Inositol hexakisphosphate 63
404B Kinases ERIP6K A 2014 5.7 250
407.Q Mouse Kifl14 motor domain 2014 6.2 349 o4
4PE2 MBP PilA1 CD160 2014 4.8 138 ©®
4PQK C-Term}nal. domain .of DNA 2014 79 120 66
binding protein
The essential Mycobacterium
tuberculosis 67
4QVH phosphopantetheinyl 2014 6.2 233
transferase PptT
C-terminal GH1 domain of
4R0Y Guanylate Kinase-associated 2014 8 140 68
Protein
4RG5 S. Pombe SMN YG-Dimer 2014 59 33 ®
ARWF, 4RWG | CLR:RAMP2 extracellular 2014 48 213 o
domain heterodimer
PilA1 from C. difficile 70
4TSM, 40GM R20291 residues 26-166 2014 58 127
Myeloid Cell Leukemia 1 7
4WGI (MCL1) 2014 8.8 151
Rsa4 in complex with the 72
AWIV Nsa2 binding peptide 2014 44 22
The polymerization region of
human 48
4WRN uromodulin/Tamm-Horsfall 2014 58 313
protein
AWTH Ataxin-3 Carbpxy Terminal 2014 94 71 73
Region
4XAl, 4XAJ | Red flour beetle NR2E1/TLX 2014 6 203 &
AXRS The HPV16 E6/E6AP/p53 2015 41 18 75
ternary complex
SAZ6, SAZT, hﬁigor?si? iu:u;igrr?;etﬁe 2015 4.6 66 B
SAZS,5AZ9 | Ue spac '
connector helix
MBP-sAglIB fusion protein
SAZA with a 20-residue spacer in 2015 53 492 7
the connector helix
5C7R An antifreeze protein 2015 4.9 73 7
SCBN B4 domain of protein A from 2015 4.3 176 7




staphylococcal aureus with
chemical cross-linker
EY-CBS

79

5CL1 Norris with human Frizzled 4 2015 6.2 131
SDFM Tetrahymena telomerase p19 2015 8 170 50
SE24 Su(H)-Hairless-DNA 2015 5.1 370 81

Repressor Complex
S5EDV The HOIP-RBR/UbcH5B 2015 7 380 82
Minor DNA-binding pilin
SHZ7 ComP from Neisseria 2016 9.3 125 83
meningitidis

MamC magnetite-interaction 34

S169 component mutant-D70A 2016 8.5 28
51QZ N-terminal domain of Human 2016 115 78 85

SIRT7




Table S2. Protein sequences tested for crystallization.

1,2,3
Target Sequences >~

hNLRPI-CARD | LHFVDQYREQLIARVTSVEVVLDKLHGQVLSQEQYERVLAENTR
PSQMRKLFSLSQSWDRKCKDGLYQALKETHPHLIMELWE

hAIM2-PYD MESKYKEILLLTGLDNITDEELDRFKAALSDEFNIATGKLHTANRI
QVATLMIQNAGAVSAVMKTIRIFQKLNYMLLAKRLQEEKEKVD
KQYKSVTKPKPLSQAEMS

hCARDS-CARD | AAFVKENHRQLQARMGDLKGVLDDLQDNEVLTENEKELVEQEK
TRQSKNEALLSMVEKKGDLALDVLFRSISERDPYLVSYLRQQNL

2zGBP1-CARD | SEFVDALRGDLIQKVSSVMAIADSLMSERMITDELYNEVHNADT
NQRKMRLLFRALDSGGASVKAEFYRLLMENEPRLVHELESRHSE
SSGPQ

hNLRP1-PYD! | AWGRLACYLEFLKKEELKEFQLLLANKAHSRSSSGETPAQPEKTS
GMEVASYLVAQYGEQRAWDLALHTWEQMGLRSLCAQAQE

*hNLRP1-PYD2 | RLACYLEFLKKEELKEFQLLLANKAHSRSSSGETPAQPEKTSGME
VASYLVAQYGEQRAWDLALHTWEQMGLRSLCAQAQE

hNLRP12-PYD LCRLSTYLEELEAVELKKFKLYLGTATELGEGKIPWGSMEKAGPL
EMAQLLITHFGPEEAWRLALSTFERINRKDLWERGQREDLVRDT
PPGGPSS

hMNDA-PYD EYKKILLLKGFELMDDYHFTSIKSLLAYDLGLTTKMQEEYNRIKI
TDLMEKKFQGVACLDKLIELAKDMPSLKNLVNNLRKEKSKVAK
KIKTQEK

"MBP MKIEEGKLVIWINGDKGYNGLAEVGKKFEKDTGIKVTVEHPDKL
EEKFPQVAATGDGPDIIFWAHDRFGGYAQSGLLAEITPAAAFQDK
LYPFTWDAVRYNGKLIAYPIAVEALSLIYNKDLLPNPPKTWEEIP
ALDKELKAKGKSALMFNLQEPYFTWPLIAADGGYAFKYAAGKY
DIKDVGVDNAGAKAGLTFLVDLIKNKHMNADTDYSIAEAAFNK
GETAMTINGPWAWSNIDTSAVNYGVTVLPTFKGQPSKPFVGVLS
AGINAASPNKELAKEFLENYLLTDEGLEAVNKDKPLGAVALKSY
EEELAKDPRIAATMENAQKGEIMPNIPQMSAFWYAVRTAVINAA
SGRQTVDAALAAAQTNA

Note:

1. The same 8 sequences from 7 different death fold proteins were ligated into a
cleavable MBP tagged vector, and 7 non-cleavable MBP tagged vectors, ie V28E and
V28E1-E6 for protein expression and crystallization screening. A total of 64
constructs were tested.

2. For the non-tagged crystallization trials, the final protein sequence after MBP tag
removal has a four amino acids (GSVD) addition at its N-terminus, and a four amino
acids (AAAS) addition at its C-terminus due to cloning sites.

3. For MBP-tag aided crystallization trials, the final protein sequence is designed to
have the mutant MBP plus linker (as shown in Table 1) at the N-termini, and
LEHHHHH at the C-termini.

4. Two different boundaries for ANLRP1-PYD were tested as we failed to solve its
crystal structure with the method described in this manuscript.

5. A mutant form of MBP is used in all of our co-crystallization vectors. By mutating
five hydrophilic residues, this mutant form of MBP is reported to be superior in
crystallization®.




Table S3. X-ray data collection and refinement table.

hNLRP12-PYD-V28E4

Crystallization

condition

Cryo-protectant

30% PEG550, 0.2M
Ammonium Sulfate,
NaAc 4.6
30% PEG550, 20%
Ethylene Glycol, 0.2M

Ammonium Sulfate,

hNLRP12-PYD-V28E6
3.5M NaFormate, NaAc

4.6

3.5M NaFormate, 20%

Glucose, NaAc 4.6

hMNDA-PYD-V28E3

15% PEG8000, 0.2M

NH4Ac, NaAc 5.0

15% PEG8000, 20%
Ethylene Glycol, 10%

Glycerol, 5% MAL,

hMNDA-PYD-V28E4 hMNDA-PYD-V28E6

15% PEG4000,02M  20% PEG4000, 0.1 M

NH4Ac, 0.1 M NaAc Tris-HCI 8.0

5.0

15% PEG4000, 20% 20% PEG4000, 20%

Ethylene Glycol, 0.2 Ethylene Glycol, 0.1

M NH4Ac, 0.1 M M Tris-HCl 8.0

NaAc 4.6 0.2M NH4Ac, NaAc 5.0 NaAc 5.0
Data set name TJ100-6 TJ97-3 TJ121-1 TJ104-2 TJ108-12
Space group P2, P2,2,2 P2, P2,2,2 P2,2,2,
Unit cell (a, b, ¢)
42.5,104.5,110.9 103.6, 186.7, 52.7 73.0, 186.2, 76.4 192.2, 235.6, 73.7 42.0,68.8,174.4
&)
(a,B,y) (°) 90.0, 98.9, 90.0 90, 90, 90 90, 89.8, 90 90, 90, 90

Resolution (A) ”

No. of reflections

50-1.85 (1.90-1.85)

50 - 1.70 (1.80-1.70)

50-1.65 (1.71-1.65)

90, 90, 90

50-2.00 (2.12-2.00) 50-1.45 (1.54-1.45)

461011/80635 670878/110662 895581/241934 2753578/201859 529651/89636
(total/unique)
Redundancy” 5.7 (5.6) 6.1(3.1)" 3.7(3.6) 13.6 (12.4) 5.9 (4.1)
Completeness (%) 98.6 (96.0) 97.5 (85.3)" 99.0 (95.3) 89.0 (53.4) 98.9 (95.7)
o) " 17.3 (1.7) 224 (3.7)" 11.7 (1.8) 20.4 (3.4) 23.1(2.1)
R-meas " 0.060 (1.357) 0.055 (0.323) 0.072 (0.864) 0.098 (0.741) 0.039 (0.730)
ccar)” 0.998 (0.636) 0.999 (0.892) 0.998 (0.708) 0.999 (0.937) 0.999 (0.800)
Refinement
Resolution (A) 50-1.85 50-1.70 50-1.65 50-2.00 50-1.45
No. of protein atoms 7141 7175 14620 21517 3666
No. of
399/147 1081/65 1949/125 1142/138 470/32
solvent/hetero-atoms
Rmsd bond lengths
0.014 0.007 0.006 0.003 0.006
A)
Rmsd bond angles
1.31 1.00 0.80 0.57 0.79
)
Rwork’ 0.18 0.1604 0.1783 0.221

0.207



Rfree?
Ramachandran plot

(favored/disallowed)

PDB code

0.224 0.2009 0.2123 0.269

97.9/0 98.8/0 99.2/0 97.9/0

SH7N 4XHS SWQ6 SWPZ

0.225

98.9/0

SH7Q

"Asterisked numbers correspond to the last resolution shell.

T Rineas = Zu(n/n-1)"2 3 [Li(h) -<I(h)> | / =2 Ti(h), where Ti(h) and <I(h)> are the ith

and mean measurement of the intensity of reflection 4.

TRwork = Zh||Fobs (h)|-|Featc (B)|| / Zn|Fobs (h)], Wwhere Fops (h) and F ¢y (k) are the

observed and calculated structure factors, respectively. No I/o cutoff was applied.

inree is the R value obtained for a test set of reflections consisting of a randomly

selected 10% subset of the data set excluded from refinement.

“Values from Molprobity server (http://molprobity.biochem.duke.edu/).
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