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Pis s 1 Pis s 2 Len c 1*

Buffer:

0.075 M sodium 

fluoride, 0.1 M bis-tris

propane pH 5.5, 10% 

PEG 3350

0.15 M ammonium 

acetate, 0.05 M bis tris 

pH 6.0, 25% PEG 3350

0.01 M zinc chloride, 

0.1 M sodium acetate 

trihydrate pH 5.5, 15% 

PEG 6000

Protein 

concentration:
8.0-9.8 mg/mL 2.0 mg/mL 2.0-10 mg/mL 

Drop ratio: 2 µL well: 1 µL protein 1 µL well: 2 µL protein 1 µL well: 2 µL protein

Cryo-protectant:  none none 20% glycerol

Time to form: 9-12 days 3 days
1-11 day post 

microseed

* indicates crystal obtained after microseeding

Supplemental Table T1: Crystallization conditions



Pis s 1 Len c 1 Ara h 1 Gly m 5.01

3 11,12

14

20 3,13

28 14

7

8

9

44* 10* 5,6*

53 21 7,15

11 7, 16

12 17

64

74 13

78 1 14

2-3 15

3 16

93 3-4, 4 17

4 18

100 19 18

4, 18

Supplemental Table T2.

*Epitopes share in position of sequence, but do not 

share high sequence identity or tertiary structure.



Supplemental Figure S1. Amino acid 
sequence alignment of the core 
crystallized regions of pea and lentil 
7S globulins compared to other pulse 
7S globulins. Sequences of the 
crystallized regions of Pis s 1 (7U1I; 
CAF25232), Pis s 2 (7U1J; CAB82855) 
and Len c 1 (7U1H; CAD87730) with 
other representative sequences of 
legume 7S globulins for which crystal 
structures are available including 
adzuki bean (Adzuki_glob-3; 2EAA & 
Adzuki_glob-1; 2EA7), common bean 
(Phaseolin; 2PHL), mung bean (Vig r 2; 
2CV6), jack bean (Canavalin; 
P50477.1) and peanut (Ara h 1; 3S7E). 
Although a crystal structure for the 
soya bean Gly m 5.01 does not exist, 
an AlphaFold model (AF-P0DO16) 
does, so its sequence was also 
included. The unique Cys residue in Pis
s 2 is highlighted in red font. 
Previously identified linear Ig epitopes 
are underlined as follows: For Pis s 1 
(Popp et al. (2020)) - 3 purple; 14 
green; 20 cyan; 28 yellow; 44 blue; 53 
red; 64 magenta; 74 orange; 78 
brown; 93 black; 100 sand; For Len c 1 
(Vereda et al. (2010)) - 1 red; 2 green; 
3 blue; 4 yellow. The Ara h 1 linear 
epitopes listed in Cabanos et al (2011) 
and the Gly m 5.01 linear epitopes 
listed in Pi et al (2021) are underlined 
in black. Un-modelled regions in the 
crystal structures and loop regions in 
the AlphaFold model of Gly m 5.01 
with a per residue confidence score < 
90 are shown in light grey font. 

Pis_s_1            -------------MSRSDQENPFIFKS-NRFQTLYENENGHIRLLQKFDKRSKIFENLQNYRLLEYKSKPHTLFLPQYTDADFILVVLSGKATLTVLKSNDRNSFNLER------GDAIK 100
Pis_s_2            --------------MSQERRNPFLFKS-NKFLTLFENENGHIRLLQRFDKRSDLFENLQNYRLVEYRAKPHTIFLPQHIDADLILVVLSGKAILTVLSPNDRNSYNLER------GDTIK 294
Len_c_1            -------------MSRSDQENPFIFKS-NRFQTIYENENGHIRLLQRFDKRSKIFENLQNYRLLEYKSKPHTIFLPQFTDADFILVVLSGKAILTVLNSNDRNSFNLER------GDTIK 100
Gly_m_5.01         EQQRESEESEDSELRRHKNKNPFLFGS-NRFETLFKNQYGRIRVLQRFNQRSPQLQNLRDYRILEFNSKPNTLLLPNHADADYLIVILNGTAILSLVNNDDRDSYRLQS------GDALR 286
Adzuki_glob-3      IVHREHQESQEE-SDSRGENNPFYFSSDRRFHTLFTNQYGHLRILHRFDQRSKQIQNLENYRVVEFKSKPNTLLLPHHADADFLLVVLNGRAILTLVNPDSRDSYILEQ------GHAQK 113
Adzuki_glob-1      IVHREHHESREEVSVSSGKNNPFYFNSDRWFRTLYRNEWGHIRVLQRFDQRSKQMQNLENYRVVEFKSKPNTLLLPHHADADFLLVVLNGTAVLTLVNPDSRDSYILEQ------GHAQK 114
Phaseolin ---------TSLREEEESQDNPFYFNSDNSWNTLFKNQYGHIRVLQRFDQQSKRLQNLEDYRLVEFRSKPETLLLPQQADAELLLVVRSGSAILVLVKPDDRREYFFLTSDNPIFSDHQK 111
Vig_r_2            -------IDGAEVSVSRGKNNPFYFNSDRWFHTLFRNQFGHLRVLQRFDQRSKQMQNLENYRVVEFNSKPNTLLLPHHADADFLLVVLNGRAVLTLVNPDGRDSNILEQ------GHAQK 107
Canavalin -SGHSGGEAEDESEESRAQNNPYLFRS-NKFLTLFKNQHGSLRLLQRFNEDTEKLENLRDYRVLEYCSKPNTLLLPHHSDSDLLVLVLEGQAILVLVNPDGRDTYKLDQ------GDAIK 112
Ara_h_1            -----------------SRNNPFYFPS-RRFSTRYGNQNGRIRVLQRFDQRSRQFQNLQNHRIVQIEAKPNTLVLPKHADADNILVIQQGQATVTVANGNNRKSFNLDE------GHALR 96

. **: * * . : * : *: * :*:*::*:: :  ::**.::*:::  :**.*:.**:  *:: :::: .* * :.: . :.*    :  ..  : 

Pis_s_1            LPAGTIAYLANRDDNEDLRVLDLAIPVNKPGQLQSFLLSGTQNQPSLLSGFSKNILEAAFNTNYEEIEKVLLEQQEQEPQHRRSLK--DRRQEINEENVIVKVSREQIEELSKNAKSSSK 217
Pis_s_2            LPAGTTSYLVNQDDEEDLRLVDLVIPVNGPGKFEAFDLAKN--KNQYLRGFSKNILEASYNTRYETIEKVLLEEQEKDRK---------RRQQGEETDAIVKVSREQIEELKKLAKSSSK 401
Len_c_1            LPAGTIAYLANRDDNEDLRVLDLAIPVNRPGQLQSFLLSGTQNQPSFLSGFSKNILEAAFNTEYEEIEKVLLEEQEQKSQHRRSLR--DKRQEITNEDVIVKVSREQIEELSKNAKSSSK 217
Gly_m_5.01         VPSGTTYYVVNPDNNENLRLITLAIPVNKPGRFESFFLSSTEAQQSYLQGFSRNILEASYDTKFEEINKVLFSREEGQQQG----------EQRLQESVIVEISKEQIRALSKRAKSSSR 396
Adzuki_glob-3      IPAGTTFFLVNPDDNENLRIIKLAIPVNNPHRFQDFFLSSTEAQQSYLRGFSKNILEASFDSDFKEINRVLFGEERQ-QQ---------QGEESREEGVIVELKREQIQELMKHAKSSSR 223
Adzuki_glob-1      IPAGTTFFLVNPDDNENLRIIKLAIPVNNPHRFQDFFLSSTEAQQSYLRGFSKNILEASFDSDFKEINRVLFGEERQ-QQ---------QGEESREEGVIVELKREQIQELMKHAKSSSR 224
Phaseolin IPAGTIFYLVNPDPKEDLRIIQLAMPVNNPQ-IHEFFLSSTEAQQSYLQEFSKHILEASFNSKFEEINRVLFEEEGQ------------------QEGVIVNIDSEQIKELSKHAKSSSR 212
Vig_r_2            IPAGTTFFLVNPDDEENLRIIKLAVPVNNPHRFQDFFLSSTEAQQSYLQGFSKNILEASFDSDIKEISRVLFGEEGQQQQ---------QGQESQQEGVIVELKREQIRELTKHAKSSSK 218
Canavalin IQAGTPFYLINPDNNQNLRILKFAITFRRPGTVEDFFLSSTKRLPSYLSAFSKNFLEASYDSPYDEIEQTLLQEE--------------------QEGVIVKMPKDQIQEISKHAQSSSR 212
Ara_h_1            IPSGFISYILNRHDNQNLRVAKISMPVNTPGQFEDFFPASSRDQSSYLQGFSRNTLEAAFNAEFNEIRRVLLEENAGGEQEERGQRRWSTRSSENNEGVIVKVSKEHVEELTKHAKSVSK 216

: :*   :: * . .::**:  : : .. *  .. *  : .    . *  **:: ***::    ::  . * :.*: .:                : ..**::  .::.*: * *:* *:                 

Pis_s_1            KSVSS---ESGPFNLRSRNPIYSNKFGKFFEITPEK-NQQLQDLDIFVNSVDIKEGSLLLPNYNSRAIVIVTVTEGKGDFELVGQRNENQGK---ENDKE-EEQEEETSKQVQLYRAKLS 329
Pis_s_2            KSLPS---EFEPINLRSHKPEYSNKFGKLFEITPEKKYPQLQDLDLFVSCVEINEGALMLPHYNSRAIVVLLVNEGKGNLELLGLKNEQQERE----------DRKERNNEVQRYEARLS 508
Len_c_1            KSVSS---ESEPFNLRSRNPIYSNKFGKFFEITPEK-NPQLQDLDIFVNSVEIKEGSLLLPNYNSRAIVIVTVNEGKGDFELVGQRNENQQEQREENDEE-EGQEEETTKQVQRYRARLS 332
Gly_m_5.01         KTISSE---DKPFNLRSRDPIYSNKLGKFFEITPEK-NPQLRDLDIFLSIVDMNEGALLLPHFNSKAIVILVINEGDANIELVGLKEQQQEQ-----------QQEEQPLEVRKYRAELS     501
Adzuki_glob-3      KELSS---QDEPFNLRNSKPIYSNKFGRWYEMTPEK-NPQLKDLDVFISSVDMKEGALLLPHYNSKAIVIMVINEGEAKIELVGLSDQQQ-Q-----------KQQEESLEVQRYRAELS 327
Adzuki_glob-1      KELSS---QDEPFNLRNSKPIYSNKFGRWYEMTPEK-NPQLKDLDVFISSVDMKEGALLLPHYSSKAIVIMVINEGEAKIELVGLSDQQQ-Q-----------KQQEESLEVQRYRAELS 328
Phaseolin KSLSK---QDNTI---------GNEFGNLTERT-------DNSLNVLISSIEMEEGALFVPHYYSKAIVILVVNEGEAHVELVGPKG------------------NKETLEYESYRAELS 295
Vig_r_2            KSLSS---EDQPFNLRNQKPIYSNKLGRWFEITPEK-NPQLRDLDMFIRSVDMKEGSLLLPHYNSKAIVILVINEGKANIELVGQREQQKQQ-----------EEQEESWEVQRYRAELS 323
Canavalin KTLSS---QDKPFNLRSRDPIYSNNYGKLYEITPEK-NSQLRDLDILLNCLQMNEGALFVPHYNSRATVILVANEGRAEVELVGLEQQQQ--------------QGLESMQLRRYAATLS 314
Ara_h_1            KGSEEEGDITNPINLREGEPDLSNNFGKLFEVKPDKKNPQLQDLDMMLTCVEIKEGALMLPHFNSKAMVIVVVNKGTGNLELVAVRKEQQQRGRREEEEDEDEEEEGSNREVRRYTARLK 336

*   .       :         .*: *.  * .        ..*::::  ::::**:*::*:: *:* *::  .:* ...**:. : . * * *. 

Pis_s_1            PGDVFVIPAGHPVAINASSDLNLIGFGINAENNERNFLAGEEDNVISQVER-----PVKELAFPGSSHEVDRLLKNQKQSYFANA-------------------------- 409
Pis_s_2            PGDVVIIPAGHPVAITASSNLNLLGFGINAENNERNFLSGSDDNVISQIEN-----PVKELTFPGSVQEINRLIKNQKQSHFANA-------------------------- 588
Len_c_1            PGDVLVIPAGHPVAINASSDLNLIGFGINAKNNQRNFLAGEEDNVISQIQR-----PVKELAFPGSSREVDRLLTNQKQSHFANA-------------------------- 412
Gly_m_5.01         EQDIFVIPAGYPVVVNATSNLNFFAIGINAENNQRNFLAGSQDNVISQIPS-----QVQELAFPGSAQAVEKLLKNQRESYFVDAQPKK--KEEGNKGRKGPLSSILRAFY 605 
Adzuki_glob-3      EDDVFVIPAAYPVAINATSNLNFFAFGINAENNQRNFLAGGKDNVMSEIPT-----EVLEVSFPASGKKVEKLIKKQSESHFVDAQPEQQQREEGHKGRKGSLSSILGSLY 433
Adzuki_glob-1      EDDVFVIPAAYPVAINATSNLNFFAFGINAENNRRNFLAGGKDNVMSEIPT-----EVLEVSFPASGKKVEKLIKKQSESHFVDAQPEQQQREEGHKGRKGSLSSILGSLY 434
Phaseolin KDDVFVIPAAYPVAIKATSNVNFTGFGINANNNNRNLLAGKTDNVISSIGRALDGKDVLGLTFSGSGDEVMKLINKQSGSYFVDAHHHQQEQQ---KGRKGAFVY------ 397
Vig_r_2            EDDVFIIPATYPVAINATSNLNFFAFGINAENNQRNFLAGEKDNVISEIPT-----EVLDVTFPASGEKVQKLIKKQSESQFVDAQPEQQEREEARKGGKGPFVY------ 423
Canavalin EGDIIVIPSSFPVALKAASDLNMVGIGVNAENNERNFLAGHKENVIRQIPR-----QVSDLTFPGSGEEVEELLENQKESYFVDGQPRH--IDAGGKARRAHLPNLFRTFY 418
Ara_h_1            EGDVFIMPAAHPVAINASSELHLLGFGINAENNHRIFLAGDKDNVIDQIEK-----QAKDLAFPGSGEQVEKLIKNQKESHFVSAR------------------------- 417

*:.::*: .**.:.*:*:::: .:*:**:**.* :*:*  :**: .:        .  ::* .*  .: .*: .*. * *... 



Supplemental Figure S2: Representative images of the orientation of the monomers included in the asymmetric units of the crystals obtained for A) Pis s 1 (PDB 7U1I), B) 
Pis s 2 (PDB 7U1J) and C) Len c 1 (PDB 7U1H).

A B C



Supplemental Figure S3. Representative images of the crystallographic packing for A) Pis s 1, PDB 7U1I, B) Pis s 2, PDB 7U1J and C) Len c 1, PDB 7U1H. Upper panels depict packing in 
the unit cells (orange lines), with dimensions indicated with lengths (a, b, c) in Å and angles (α, β, γ) in degrees. Yellow triangles highlight representative trimers in each unit cell. Lower 
panels depict packing in the super cell. Images were obtained from the RCSB deposition site for each PDB entry.
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α= 90 β= 95.19 γ= 90

a= 98.35 

b= 52.69 

c= 127.84 α= 90 β= 90 γ= 90a=b=c=269.15

α= 90 β= 90 γ= 90

a=86.44
b=92.50

c= 143.74



Supplemental Figure S4. Surface 
character and mapping of 
previously identified linear IgE
epitopes on the molecular 
surface of the Pis s 1 and Len c 1 
crystal monomeric unit 
structures. Epitopes were 
mapped onto the structure of a 
monomer of (a) Pis s 1 (PDB# 
7U1I) and (B) Len c 1 (PDB# 
7U1H). For Pis s 1 epitopes (Popp 
et al. (2020)): 3 purple; 14 green; 
20 cyan;P28 yellow; 44 blue; 53 
red; 64 magenta; 74 orange; P78 
brown; 93 black; 100 sand. For 
Len c 1 epitopes (Vereda et al. 
(2010)) : 1 red and magenta; 2 
magenta, green, and cyan; 3 cyan, 
blue, and orange; 4 orange and 
yellow. 
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