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1. Mass spectrometry 

Disulfide bonds in produced proteins were determined according to the previously published 

protocol [43]. Briefly, proteins were separated by SDS-PAGE, deglycosylated by ENDO Hf (New 

England Biolabs, Ipswich, MA, USA), and digested by trypsin (Sigma, St. Louis, MT, USA) under 

non-reducing conditions in the presence of 200 μM cystamine. The peptide mixtures were desalted 

on reversed phase trap column (Acclaim PepMap 100, C18, 0.1 × 20 mm, 5 µm) and separated on 

reversed phase analytical column (Acclaim PepMap 100, C18, 0.075 × 150 mm, 3 µm; both columns 

Thermo Scientific, Waltham, MA, USA) connected directly to solariX XR 12T FT-ICR mass 

spectrometer (Bruker Daltonics, Billerica, MA, USA) using an electrospray ion source. Data were 

acquired using SolarixControl 3.0.0 and processed with DataAnalysis 4.2. The disulfide bonds and 

saccharide moieties were identified using the Links software [44]. 

Glycosylation on the NKp30_Stalk protein expressed in HEK293S GnTI− cell line was 

characterized using an ESI FT-ICR MS according to previously published protocol [45]. Briefly, 10 µg 

of the protein was desalted on protein microtrap column (C4 phase, Michrom Bioresources, Auburn, 

CA, USA) according to the manufacturer instructions, and eluted in 50 µL of 80% acetonitrile/1% 

acetic acid directly to solariX XR 12T FT-ICR mass spectrometer (Bruker Daltonics, Billerica, MA, 

USA ) using an electrospray ion source. Acquisition of mass spectra was done in the positive mode 

with the following parameters: the m/z range 250–3000, 1 M data points transient, 0.2 s ion 

accumulation, 4 scans accumulation. Acquired data were interpreted by DataAnalysis 4.2. A 

glycosylation pattern of NKp30_Stalk protein was verified by qCID MSMS analysis of isolated most 

abundant two times glycosylated form at m/z 1105.43, z = 16 (Figure S2). Acquisition of MS-MS 

spectra was done with 0.8 s ion accumulation and eight scans accumulation at the same m/z range 

and data points transient as MS spectra. 

For glycopeptide analysis of B7-H6 expressed in HEK293T cell line the protein sample was 

diluted by 50 mM ammonium bicarbonate to 2 µg/µl, the disulfide bonds were reduced 60 min at 60 

°C by 5 mM dithiothreitol and alkylated 60 min at room temperature in the dark by 15 mM 

iodoacetamide. The protein was digested overnight at 37 °C by trypsin at enzyme-to-protein ratio of 

1:20 (w/w). Peptides were desalted on a peptide microtrap column (Michrom Bioresources, Auburn, 

CA, USA ), lyophilized, reconstituted in aqueous 0.1% formic acid, and loaded onto reversed phase 

column (ZORBAX Eclipse Plus C18, 2.1 × 100 mm, 1.8 µm; Agilent Technologies, Santa Clara, CA, 

USA). The mobile phase consisted of 0.1% formic acid in water (solvent A) and 0.1% formic acid in 

acetonitrile (solvent B). The separation was carried out at 0.25 mL/min flow rate, the column 

temperature was 40 °C, and the following gradient was used (min/% B): 0/3, 1/6, 21/30, 26/80, 28/80, 

29/3, 30/3. The measurement was performed on qTOF maXis mass spectrometer (Bruker Daltonics, 

Billerica, MA, USA) using an electrospray ion source. Acquisition of mass spectra was done in 

positive mode with following parameters: m/z range 150–2200, with CID fragmentation (precursor 

m/z range 600–2200, charge range 2–5, collision energy 70 eV). DataAnalysis 4.4 and ProteinScape 4 
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were used for data evaluation and assigned tandem mass spectra of glycopeptides were verified 

manually. 

2. SEC-SAXS Measurements 

Size exclusion chromatography–small-angle X-ray scattering (SEC-SAXS) data for NKp30_LBD, 

NKp30_Stalk, B7-H6 and its complex with NKp30_Stalk were collected at the Diamond Light Source 

(Didcot, Oxfordshire, UK) at beamline 21 using an Agilent 1200 HPLC system with a 2.4 mL Superdex 

200 PC 3.2/30 column (GE Healthcare, Chicago, IL, USA) and a Pilatus P3-2M detector at 12.4 keV of 

radiation and at 4.014 m of sample-to-detector distance. NKp30_LBD and NKp30_Stalk were 

expressed in HEK293T cell line with wild-type human N-glycosylation, whereas the B7-H6 

ectodomain was expressed in HEK293S GnTI- cell line with uniform Asn-GlcNAc2Man5 glycans. 

Proteins were diluted in 10 mM HEPES pH 7.5, 150 mM NaCl, 10 mM NaN3. Complex was mixed at 

a 1:1 molar ratio. The data were collected at 293 K for buffer and protein samples at a loading 

concentration of 5 mg/mL for NKp30_LBD and B7-H6, and at 10 mg/mL for NKp30_Stalk and for its 

equimolar mixture with B7-H6. The data in selected intervals (monomeric and oligomeric fractions 

of NKp30_Stalk, as well as of its mixture with B7-H6, were analyzed separately) were solvent-

subtracted in SCÅTTER (developed by Robert Rambo at the Diamond Light Source, 

http://www.bioisis.net/tutorial/9), and merged and characterized using the ATSAS64 package [37]. 

As a proof of the data quality, scattering and Guinier plots, for all data ranges, are shown in Figure 

S5. Using the pair distance distribution functions P(r), twenty ab initio structure models were 

calculated with DAMMIF 2.7.265 for each of the data intervals. The models were compared using the 

DAMSEL command and averaged using DAMAVER 5.0 (r10553). The final models were visualized 

in UCSF Chimera [38] and are shown in Figure S6
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Table S1. Mass spectrometry analysis of disulfide bonds in the prepared recombinant proteins. 

Exp. Mass 
Thr. 

Mass 
Error Peptide Chain Modification 

Disulfide 

Bond 

B7-H6 wild-type (deglycosylated) 

2633.251 2633.251 0.21 
B7-H6_WT (122-130) [A]- 

B7-H6_WT (202-214) [B] 
CEVVVTPLK-NMDGTFNVTSCLK GlcNAc (208) (122-212) 

2879.427 2879.428 0.14 
B7-H6 _WT (122-130) [A]- 

B7-H6_WT (215-231) [B] 
CEVVVTPLK-LNSSQEDPGTVYQCVVR  (122-228) 

3743.666 3743.672 0.70 
B7-H6_WT (202-214) [A]- 

B7-H6_WT (215-231) [B] 
NMDGTFNVTSCLK-LNSSQEDPGTVYQCVVR 

GlcNAc (208); GlcNAc 

(216) 
(212-228) 

4086.855 4086.855 0.09 
B7-H6 _WT (122-130) [A]- 

B7-H6_WT (156-179) [B] 
CEVVVTPLK-ENEDKYMCESSGFYPEAINITWEK GlcNAc (174) (122-163) 

4748.019 4748.019 0.06 
B7-H6 _WT (156-179) [A]- 

B7-H6_WT (202-214) [B] 
ENEDKYMCESSGFYPEAINITWEK-NMDGTFNVTSCLK 

GlcNAc (174); GlcNAc 

(208) 
(163-212) 

5197.274 5197.276 0.33 
B7-H6_WT (156-179) [A]- 

B7-H6_WT (215-231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (174); GlcNAc 

(216) 
(163-228) 

B7-H6 C212S mutant (HEK293S GnTI-) 

5181.28 5181.28 −0.9 
B7-H6_C212S (156, 179) [A]-

B7-H6_C212S (215, 231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (A.174); GlcNAc 

(B.216) 
(163-228) 

4978.20 4978.20 −0.4 
B7-H6_C212S (156, 179) [A]-

B7-H6_C212S (215, 231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (A.174) | GlcNAc 

(B.216) 
(163-228) 

6178.85 6178.84 1.03 
B7-H6_C212S (147, 179) [A]-

B7-H6_C212S (215, 231) [B] 

LLLDQVGMKENEDKYMCESSGFYPEAINITWEK-

LNSSQEDPGTVYQCVVR 

GlcNAc (A.174); GlcNAc 

(B.216) 
(163-228) 

6071.96 6071.95 1.65 
B7-H6_C212S (28, 68) [A]-

B7-H6_C212S (122, 130) [B] 

VEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWK-

CEVVVTPLK 

GlcNAc (A.43), GlcNAc 

(A.57) 
(48-122) 

4566.03 4566.03 0.03 
B7-H6_C212S (161, 179) [A]-

B7-H6_C212S (215, 231) [B] 
YMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (A.174); GlcNAc 

(B.216) 
(163-228) 

5975.77 5975.76 1.15 
B7-H6_C212S (147, 179) [A]-

B7-H6_C212S (215, 231) [B] 

LLLDQVGMKENEDKYMCESSGFYPEAINITWEK-

LNSSQEDPGTVYQCVVR 

GlcNAc (A.174) | GlcNAc 

(B.216) 
(163-228) 

4362.95 4362.95 0.04 
B7-H6_C212S (161, 179) [A]-

B7-H6_C212S (215, 231) [B] 
YMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (A.174) | GlcNAc 

(B.216) 
(163-228) 

9554.39 9554.38 1.03 
B7-H6_C212S (28, 68) [A]-

B7-H6_C212S (109, 130) [B] 

VEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWK-

LPGIQLEEAGEYRCEVVVTPLK 

GlcNAc2Man5 (A.43), 

GlcNAc2Man5 (A.57) 
(48-122) 

4978.20 4978.20 0.58 
B7-H6_C212S (156, 179) [A]-

B7-H6_C212S (215, 231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc (A.174) | GlcNAc 

(B.216) 
(163-228) 

4775.12 4775.12 0.1 
B7-H6_C212S (156, 179) [A]-

B7-H6_C212S (215, 231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR  (163-228) 
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7207.98 7207.97 1.58 
B7-H6_C212S (156, 179) [A]-

B7-H6_C212S (215, 231) [B] 
ENEDKYMCESSGFYPEAINITWEK-LNSSQEDPGTVYQCVVR 

GlcNAc2Man5 (A.174); 

GlcNAc2Man5 (B.216) 
(163-228) 

7527.69 7527.69 0.61 
B7-H6_C212S (28, 68) [A]-

B7-H6_C212S (109, 130) [B] 

VEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWK-

LPGIQLEEAGEYRCEVVVTPLK 

GlcNAc (A.43), GlcNAc 

(A.57)  
(48-122) 

9121.55 9121.54 1.15 
B7-H6_C212S (28, 68) [A]-

B7-H6_C212S (109, 146) [B] 

VEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWFWK-

LPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASPASR 

GlcNAc (A.43), GlcNAc 

(A.57) 
(48-122) 

NKp30_Stalk (deglycosylated) 

3292.49 3292.50 −1.7 
NKp30_Stalk (29, 47) [A]-

NKp30_Stalk (100, 94) [B] 
TLEGSSAFLPCSFNASQGR-GHDASIYVCR GlcNAc (A.42) (39-108) 

3292.50 3292.50 0.79 
NKp30_Stalk (29, 47) [A]-

NKp30_Stalk (100, 109) [B] 
TLEGSSAFLPCSFNASQGR-GHDASIYVCR GlcNAc (A.42) (39-108) 

3292.50 3292.50 0.78 
NKp30_Stalk (29, 47) [A]-

NKp30_Stalk (100, 109) [B] 
TLEGSSAFLPCSFNASQGR-GHDASIYVCR GlcNAc (A.42) (39-108) 

3089.42 3089.42 −0.3 
NKp30_Stalk (29, 47) [A]-

NKp30_Stalk (100, 109) [B] 
TLEGSSAFLPCSFNASQGR-GHDASIYVCR  (39-108) 

3662.69 3662.70 −0.8 
NKp30_Stalk (29, 47) [A]-

NKp30_Stalk (97, 109) [B] 
TLEGSSAFLPCSFNASQGR-DVRGHDASIYVCR GlcNAc (A.42) (39-108) 
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The measured and predicted masses of the identified cystic dipeptides are given below for B7-

H6_WT, B7-H6_C212S, and NKp30_Stalk expression constructs. For the wild-type B7-H6 construct 

we confirmed mismatch disulfide pairing with an odd cysteine 212. This mismatch was completely 

solved by site-directed mutagenesis (C212S) that resulted in correct disulfide pairing, i.e., only the 

expected disulfides between cysteines 48–122 and 163–228 were identified for the B7-H6_C212S 

mutant protein. For NKp30 the expected disulfide pairing between cysteines 39–108 was confirmed 

as well. Glycosylation of NKp30_Stalk construct produced in HEK293S GnTI- cells was analyzed by 

mass spectrometry. Three N-glycosylation sites are predicted from its amino acid sequence. By direct 

protein mass spectrometry, measured mass of the intact protein was majorly 17671.87 Da which 

suggested that the protein has two occupied N-glycosylation sites (Figure S1). Minor form with 

higher mass corresponding to three occupied N-glycosylation sites was also detected, albeit at much 

lower intensities in the mass spectrum, therefore it should be significantly less abundant in the 

sample. By LC MS analysis of peptide fragments, Asn42 and Asn121 were detected as fully occupied, 

while Asn68 was just partially glycosylated. Fragmentation spectra further confirmed the expected 

Asn-GlcNAc2Man5 composition of N-glycan chains produced by the HEK293S GnTI− cell line (Figure S2). 

 

Figure S1. Direct mass spectrometry of NKp30_Stalk with uniform glycans produced by the HEK293S 

GnTI− cell line. Peak with the observed m/z value of 1105.44 corresponds to the 16× charged protein 

with two occupied N-glycosylation sites. Intensity of this peak is at 108 order of magnitude. Peak with 

the observed m/z value of 1181.46 and intensity at 102 corresponds to the 16× charged protein with 

three occupied N-glycosylation sites which is thus considerably less abundant in the sample. 
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Figure S2. Fragmentation spectrum of N-glycans produced by the HEK293S GnTI− cell line. The 

highest 16× charged peak corresponds to NKp30_Stalk protein with full Asn-GlcNAc2Man5 

N-glycosylation. Loss of mass in other peaks due to fragmentation corresponds to loss of one mannose 

unit (rel. mol. mass 162, which is 10.2 on m/z x-axis with charge z = 16). Loss of mass of the first peak 

in spectrum from the left corresponds to loss of one N-acetylglucosamine unit (rel. mol. mass 203, 

which is 12.7 on m/z x-axis with charge z = 16). Predicted oligosaccharide structures corresponding to 

distinct fragments are depicted by symbolic nomenclature of monosaccharide representation. 

As an example of wild-type complex N-glycans expressed by the HEK293T cell line, 

fragmentation spectrum of B7-H6 glycopeptide NMDGTFNVTSSLK is shown below (Figure S3). 

 

Figure S3. Fragmentation spectrum of N-glycans produced by the HEK293T cell line. B7-H6 was 

digested with trypsin, resultant peptides were desalted and subjected to LC-MS separation and 

analysis. The fragmentation spectrum of the triply charged precursor with m/z value of 1110.149 

corresponding to peptide NMDGTFNVTSSLK with full Asn-HexNAc4Hex5NeuAc1 N-glycosylation 

is shown together with the predicted oligosaccharide structures corresponding to distinct fragments 

depicted by symbolic nomenclature of monosaccharide representation. 
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Figure S4. Sedimentation analysis of NKp30_LBD at high concentration. Sample of NKp30_LBD 

expressed in HEK293T cell line was analyzed by analytical ultracentrifugation at 20 mg/mL 

concentration using a 3-mm centerpiece and an interference optics. Resultant data were fitted using 

the nonideal c(s) model implemented in the latest version of Sedfit software [48]. NKp30_LBD is 

exclusively monomeric at low concentration; however, monomeric, dimeric, and most probably 

trimeric species are observed at high concentration. 
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Figure S5. Size exclusion chromatography–small-angle X-ray scattering (SEC-SAXS) data collected 

for NKp30_LBD, NKp30_Stalk monomeric and oligomeric fractions, B7-H6 and its complex with 

NKp30_Stalk monomeric and oligomeric fractions. SAXS scattering curves in logarithmic scale (red) 

are shown for data quality assessment of the merged data, together with the corresponding Guinier 

plots shown in the lower left corner. 
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Figure S6. Averaged and filtered DAMMIF envelopes ab initio calculated from the SAXS data for 

NKp30_LBD, NKp30_Stalk monomeric and oligomeric fractions, B7-H6 and its complex with 

NKp30_Stalk monomeric and oligomeric fractions. For comparison, NKp30_LBD, B7-H6, and 

NKp30_LBD:B7-H6 complex, as observed in the presented crystal structure (PDB 6YJP), are shown 

with the same scale of magnification. The analyzed proteins are glycosylated, and the glycan moieties 

account for a significant proportion of their molecular mass and hydrodynamic volume; therefore, 

the envelopes are clearly larger than the naked molecules displayed in the crystal structures. 
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