Architecture of the Native Major Royal Jelly Protein 1 Oligomer
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Supplementary Figure 1. The separation and mass spectrometric (MS/MS)
identification of the purified native MRJP1.

Size exclusion chromatography (A) and SDS-PAGE (B) of MRJP1 oligomer and
monomer on a Superdex 200 10/300 GL column (GE Healthcare). In sieve column,
peak positions for two standard proteins were indicated as black lines on the top. (C)
Table of the main characteristics of the digested peptides from MRIJP1 oligomer
analyzed by MALDI-TOF identified in database. (D) MRJP1 sequence with access
number 58585098 (new number: NP _001011579.1) indicated the 84% coverage of
the peptides (underline/bold). (E) Total ion chromatograms and extracted ion
(m/z=1631.2-1632.2) chromatogram of digested MRJP1 oligomer with LC-MS/MS.
(F) One example of MS/MS spectra of the peptide (m/z=1631.2-1632.2). Note that the
glycosylated MRJP1 oligomer was used here.
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Supplementary Figure 2. The crystals of native MRJP1 oligomers.

(A) Needle-like crystals obtained from initial screening. (B) Crescent crystals after
optimal crystallization conditions. (C) Cubic crystals of MRJP1 oligomer with lysine
methylation according to the protocol !. Crystals of MRIP1 oligomers after
deglycosylation (D-F). (D) Rodlike crystals. (E) Cylindrical crystals. (F) Cuboid
crystals after seeding. Cuboid crystals were used to collect diffraction data.
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Supplementary Figure 3. Native MRJP1 oligomer is partly deglycosylated by
PNGase F under mild condition.

(A) Electrophoretic pattern of natural and denatured MRIJPI treated with
peptide:N-glycanase (PNGase) F. Lane 1. Natural MRJP1 oligomer before digestion.
Lane 2. Natural MRJP1 oligomer digested by PNGase F at 4°C. Lane 3. Denatured
MRIJP1 treated with PNGase F at 37°C. (B) 2mFo—DFc electron density map of
N-acetylglucosamine (NAG) at 1.0 c. (C) Composite simulated-annealing mFo—DFc
“omit” electron density map of NAG at 2.0 c. (D) The NAG is protected by the
surrounding residues, preventing from cleavage by PNGase F.
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K =180.00

Search Information :
Search Angle : Polar, Convention : XYK
Search Limits :

Angle 1 : 0.00 180.00 3.00 61
Angle 2 : 0.00 180.00 3.00 61
Angle 3 : 180.00 180.00 0.00 1
Avg., Sd : 231.86 35.50
Min., Max : 156.40 1000.02

Radius : 25.0A, IGEVAL : 2
Resolution : 10.00 - 3.50A
Orthogonalization : AXABZ
Origin is removed

A OBS File : Im1-4.sca

A Cell : 211.57 211.57 149.97 90.00 90.00 120.00
A Cutoff: 1.00 1.00 0.00
No. of Refl. : 15320
Self-Rotation Search
Cutoft: 1.50
No. of large terms : 3267
Reutoff: 1.0 20.0
Contour Levels:
Contour # 1 : 400.0 1000.0 50.0 1

Supplementary Figure 4. X-ray diffraction image of MRJP1 oligomer crystals

at 2.65 A and its self-rotation function.

Representative X-ray diffraction image (A) and its enlarged picture of the high
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resolution area (B). Stereographic projection (C) showing the ordinary self-rotation
function of MRJP1 oligomer. Reflection data between 10 and 3.5 A resolution were
used in the calculation with the program GLRF 2. The radius of integration was 25 A.
The result shows that it exists a non-crystallographic symmetry two-fold.
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Supplementary Figure 5. Representative electron density maps of
MRJP1-apisimin- 24-methylenecholesterol (Osl) complex in one asymmetric
unit.

(A) Representative experimental electron density map of one MRJP1 molecule.
The electron density (2mFo-DFc) is contoured at 2.0 . (B) Experimental electron
density map (2mFo-DFc) of two apisimin (yellow or wheat) and four Osl (blue,
purple, orange, or lime sticks) molecules, contoured at 1.5 .
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Supplementary Figure 6. Structural differences of MRJP1, apisimin and Osl in
the asymmetric unit.

Structures alignment of the two MRJP1 (A) and apisimin (B) protomers in the
asymmetric unit, respectively. Disulfide bonds are shown in yellow and dashed lines
indicate residues that have not been resolved in the structures of figure A. Overall
B-factors of MRJP1 (C) and apisimin (D), color-coded on the basis of the calculated
B-factors. The colors range from blue to red corresponding to increasing fluctuations.
The alignment of four Osl by the non-crystallographic symmetry two-fold (E) and
interactions of Osl2 (F). (G) The interactions between apisimin and the neighbouring
symmetry-generated apisimin molecule using Ligplot 3. Hemispheres represent
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hydrophobic interactions and lines represent polar interactions. Residues from two
protomers are shown on the left and right, respectively. All residues involved in the
hydrophobic interactions are shown in black. For hydrophilic interactions, residues
are shown in red or blue.
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Supplementary Figure 7. Identification of Osl purified from the MRJP1 oligomer.

EI-GC/MS mass spectra (A) and structure (B) of Osl (molecular formula C2sH460, MS m/z: 398). The mass spectra are consistent with the
standard spectra in the website (http://www.massbank.jp/jsp/FwdRecord.jsp?type=disp&id=JP008184). C. "H NMR spectra of Osl purified from
the MRJP1 oligomer at 600 MHz. D. '*C NMR spectra of Osl purified from the MRJP1 oligomer at 150 MHz. The proton and carbon magnetic
resonance spectra are consistent with those in the reference *.
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Supplementary Figure 8. Sequence alignments of Yellow family and apisimin homologues.

Sequence alignments of representative Yellow protein family (A), MRJP family (B) and
apisimin homologues (C). Secondary structures are calculated by DSSP and indicated above the
sequence alignment according to the structure of MRJP1 oligomer. The above numbers indicate
residues for MRJP1 or apisimin. {lll , € and == represent a-helices, 310 helices and
B-sheets, respectively. Green boxes indicate cysteine residues involved in the formation of
disulfide bonds (also see Fig. 2). Residues with similarities or identities were shown in orange or
magenta background, respectively. The sequence alignment was generated by ClustalW 3. This
figure was made by the program ALINE °. The sequences used are: MRJP1 from Apis mellifera
(GenBank accession # - NP _001011579.1); Yellow-e3 from Drosophila melanogaster
(NP_650288.1); Ava 4197 from Anabaena variabilis (strain ATCC 29413 / PCC 7937)
(ABA23796.1); LIM11, 43.2 kDa salivary protein from Lutzomyia longipalpis (AAS05318.1).
MRIJP2, major royal jelly protein 2 precursor (NP_001011580.1); MRJP3, major royal jelly protein
3 precursor (NP_001011601.1); MRJP4, major royal jelly protein 4 precursor (NP_001011610.1);
MRIJP5, major royal jelly protein 5 precursor (NP_001011599.1); MRJP6, major royal jelly protein
6 precursor (NP_001011622.1); MRJP7, major royal jelly protein 7 precursor (NP_001014429.1);
MRIJPS, major royal jelly protein 8 precursor (NP_001011564.1); MRJP9, major royal jelly protein
9 precursor (NP_001019868.1).

For the sequences of apisimin, Apis mellifera (NP_001011582.1), Apis cerana
(XP_016920890.1), Apis florea (XP_003692391.1), Apis dorsata (XP_006617609.1).
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Supplementary Figure 9. The experimental and theoretical SAXS scattering curves of
MRJP1 oligomer.

Experimental data are represented in black dots. The theoretical scattering curves of MRJP1
monomer (A, purple, extracted from solved structure)) MRIJP1 dimer (B, red,
MRIJP12-Apisiminz2-Osls), oligomer (C, blue, MRJP14-Apisimins-Osls) and the assembly from
MES fit 7 (D, green) are shown. The MES approach using the above three models did not improve
the fit (y = 3.36) obviously. In the optimized mixture, the proportion of the oligomer and the dimer
are 83.4% and 16.6%, respectively.  Recently, the online MES  server
(http://modbase.compbio.ucsf.edu/foxs/index.html) only gave maximum two components in the
calculation. If the dimer was not used in the calculation, the proportion of the oligomer and the
monomer in the optimized mixture (y = 3.88) are 85.0% and 15.0%, respectively. Therefore, the
oligomer, the dimer and the monomer were estimated as 72.7%, 14.5% and 12.8%, respectively.
The method was similar to the references 3°, which succeeded to measure the oligomeric state in

solution. Experimental data are represented in black dots at 5 mg/mL protein concentration at pH
8.0.
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Supplementary Figure 10. MRJP1 oligomer exists universally in royal jelly and the effects of

S21



pH on MRJP1 monomer and oligomers.

Gel filtration chromatography (A) and name (B) of royal jelly collected from nectars of
different plants or honeybee species. The size exclusion chromatography of MRJP1 was performed
on a Superdex 200 10/300 GL column (GE Healthcare) with the buffer containing 100 mM sodium
phosphate at pH 8. (C) Gel filtration of MRJP1 monomer and oligomers at different pH values.
MRIJP1 was purified from RJ at different pH and rerun at different pH.
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Supplementary Figure 11. Thermal denaturation curves of MRJP1 monomer and oligomer

at pHS.

(A) The synchrotron radiation circular dichroism (CD) map of MRJP1 oligomer during the
heating process. (B) Thermal denaturation curves of MRJP1 monomer and oligomer. Means and

s.d. of fraction folded were presented from three independent experiments.
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Supplementary Figure 12. Superposition of the MRJP1 structure onto Ljm11 revealed that
MRJP1 might not have binding affinity to serotonin (Sro).

Quantification of the binding affinity of MRJP1 oligomer (A) and monomer (B) to serotonin by
ITC. (C) Superposition of the MRJP1 protomer structure onto its homologous protein Ljm11 (PDB
ID: 3Q6K) . (D) The central holes of Ljm11 and MRJP1. (E) Residues near the holes of MRJP1
and Ljm11. Note that the position of Sro in MRJP1 was modelled from the complex structure of
Ljm11. Note that the Sro was too large to be accommodated by MRJP1.
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Supplementary Table 1.

List of primers for MRJP1

Primer name

Sequence 5' —3'

MRIJP1 NdeI 1 5'
MRJP1 Nde 121 5'
MRJP1 Xho 1432 S 3'
MRJP1 Nde 120 5'
MRJP1 Nde 127 5'
MRJP1 Nde I 51 5
MRJP1 Xho 1423 S 3'
MRIJP1 EcoR 120 5'
MRIJP1 EcoR 1275
MRIJP1 EcoR 151 5'
MRIJP1 Sal 1423 S 3'
MRJP1 Sal 1432 S 3

ATCTCATATGACAAGATTGTTTATGCTGG
ATATCTCATATGATTCTTCGAGGAGAGTCTTTAAAC
TCCTCGAGTTACAAATGGATTGAAATTTTG
ATATCTCATATGAACATTCTTCGAGGAGAG
ATATCTCATATGTTAAACAAATCATTACCCATC
ATATCTCATATGCAAGATGCAATTCTATCTGG
TCCTCGAGTTATCGATCATTATCGGGATT
CGGAATTC AACATTCTTCGAGGAGAG
CGGAATTCTTAAACAAATCATTACCCATC
CGGAATTCCAAGATGCAATTCTATCTGG
ACGCGTCGACTTATCGATCATTATCGGGATT
ACGCGTCGACTTACAAATGGATTGAAATTTTG

S25



Supplementary Table 2. Data-collection and scattering-fit parameters of SAXS

Data-collection parameters

Instrument

Wavelength (A)
qrange (A™)
Exposure time

Concentration range (mg ml™")
Temperature

Software employed

Data processing

Computation of model intensities

Three-dimensional graphics
representations

BioSAXS station 1W2A (BSRF)
Beamline BL19U2 (SSRF)

1.54

0.01-0.200

5 min for BioSAXS

1 sec for BL19U2

0.1-10

298 K for BioSAXS

277 K for BL19U2

FIT2D
MES
PyMOL
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