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Figure S1. Design of the Active Trimer Nanocage (ATNC) platform

(A) Sequence alignment of human ferritin heavy chain with H. pylori ferritin indicates Asp15
of human is aligned to Asp5 of H. pylori. 3D structure model was built based on the crystal
structure of human ferritin heavy chain (PDB 2FHA) showing the rigid helix linkers (orange)
are fused at the trimeric position with a distance of 28 A. (B) 3D protein structure of the ecto-
domain of the TRAIL trimeric complex (PDB 1DG6) presents triangle position of N and C
termini with a distance of 23 and 11 A, respectively. (C) Triple helical domain from the
pulmonary surfactant associated protein D (PDB 50XS). The images (A-C) were drawn using

PyMOL v0.99 (The PyMOL Molecular Graphics System, Schrédinger, LLC).
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Figure S2. Cancer cell cytotoxicity of the TRAIL-ferritin fusion protein constructs.

(A) Schematic diagram of the TRAIL-ferritin fusion protein constructs. The helix linker is the

triple helical domain from the pulmonary surfactant associated protein D. The rigid linker is



(EAAAK) x 2.The Flexible linker, (GGGSG) x 3, was showed. The final form of the TRAIL-

ferritin fusion constructs was named as TRAIL-ATNC as shown. (B) MDA-MB-231 cancer
cells were treated by various TRAIL-ferritin fusion proteins and the cytotoxicity was measured
by EZcount MTT assay. Etoposide (50 uM) was treated as an apoptosis control. (C) MDA-
MB-231 cells were treated by sTHF rigid vs. flex proteins. (D) MDA-MB-231 cells were
treated by TRAIL-ATNC vs. sTHF rigid proteins. TRAIL-ATNC showed the most potent
cytotoxicity. (E) Cell viability following treatment with TRAIL, TRAIL-ccesc-helix, or
TRAIL-ATNC. MDA-MB-231 cells were incubated with proteins for 24 h and then measured

by EZ-count assay. Data represent means + SEM.
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ATQEGCAGCAGCCATCATCATCATCATCAGAGCAGCGGCCTGATGCOGCGCGGCAGCCAACAT A TEE THEAGAGALA GALGTCCTCAGA RS
M GSSHHHHHHSSGLY PRGSOIH®YREFRIGFEOR

GTAGCAGCTCACAT AACTGGRACCAGAGGAAGALGCAACACATTGTCTTCTCC AAACTCCAAGAA TGA AAAGGCTCT GLGLCGUALALT &
¥ A 4 H I TGTEREGRSMNTLSSESPNSKNEERKSALGERE R

AECTCCTGLGAATCATCAAGRAGTCGGCATTCATT COTGAGTAACTTGCACT TGAGGAATGETGAACTGGTCATCCATGAALAAGGGTTT
M S WESSRESsGHSFLSNLHLREMNGELY I HEKGTF

TACTACATCTATTCCCAAACATACTTTCGATTTCAGGAGGALAT AL AGALLACACALAGALCGACAL ACALATGGTCOAATATATTTAD
Yy Yy saT7TY FRFOEE K ENTEKNDKOMY Y |

ALATACACAAGTTATCCTGACCCTATATTGTTGAT GAAAAGTGO TAGAAATAGTTGTTGGTCTAAAGATGLAGAATATGRACTCTATTCE
Ky T =y PDP I LLHKSZA&RNSSCWI KD A&EEY G LY 3

ATCTATCAAGGGGGAATATTTGAGCT TAAGGAALA TGACAGAATTTTTGTTTCTGT AACAAATGAGCACTTGAT AGACAT GGACCATGAL
'y o666 I FELKENDREIFY SY TNEHL I DMHDHE

GCAGTTTTTTTGGGLCCTTTTTAGT TGGCGGATCCARTEGAGGATCTGATGAATTCEAAGCATTACAGGGCCAGGT TCAGCACCTGCAG
4 S FFGAFLYGGESGGEGESGEEFRFEALOCGDY OHLDQ

GLAGCTTTCAGCCAGTATALAAAGET AGASCTGTT TCCAGT COACGETGEAGGAGGTGCGGA LD GECHELGAAGGAGLLGECHEDGAAR
s F o0y KKy ELERPYDGGEGEGEAE A A A KE A A A K

ACTAGTGACTCAGAGGCCGCCAT CAACCGCCAGAT CAACCTGLAGCT CTACGCCTCCTACGT TTACCTGTCCATGTCTTACTACTTTGAD
Tso0DsEA&A T NEREODI NLELY A5 Y Y Y LSHSY Y FD

CHCGATGATGTGECTTTGAAGAACT TTGCCAAATACTTTCT TCACCAATCTCATGAGGAGAGGLALACA TGO TGAGAAACT GATGAAGCTG
FE DDV A&LKNFAEKY FLHOSHEEREHS&SEIEKILMWRKL

CAGAACCAACGAGGTGRCCGAATCTTCCT TCAGGATATCAAGALACC AGACTGTGATGACTGRGAGAGOGGGCT GAA TRCAAT GRAGTGT
aoNOoORGGE I FLODI KKPDCDDWEZSGLHNAMWET-C

GCATTACATTTGGAAALAALTGT GAATCAGTCACT ACTGGAACT GCACALACT GGCCACTGACAL AL TGACCCCCATTTGTGTGACTTC
4 L HL EKNY NOsLLELHELATDKNDPHLTCTDTF

ATTGAGACACATTACCTGAATGAGCAGGT GAAAGCCATCAAAGAAT T GGG TGACCACGT GACCAACTTGOGCAAGAT GRGAGCGAAGCTT
I E T HY LNEQGY K& I KELGDHY TMNLREKHMMIGARKL

GOTGGAGGATCTGGET GETEGAGGATCTOGTTRCCGTALACGTCTGGATCGTAACTGCTAA
GG G 3G GG G360 RKRBLDRMNTELC =

Figure S3. Sequence of TRAIL-ATNC!'-4P
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ATGEGCAGCAGCCATCATCATCATCATCACAGCAGCGLCCTGGTGCCGLGCGECAGCCAACAT A TG TG AGAGAL AGAGET CET LA AGS
M G3>5HHHHHHSESGLY PRGSOIHWY REERIGFEPEOR

GTAGCAGCTCACAT AACTGGGACCAGAGGAAGAAGCAACACATTGTCTTCTCC ALACTCOAA GAL TGAAAL GGETCT GRECCGUAL AATA
¥ 4 A4 H I TGTHRGRSNTLSSPNSKNEIEKSLGREK|

AACTCCTGEGAATCATCAAGGAGTGGLCATTCATTCCT GAGCAACT TGLACT T GAGGAA TGGTGAACT GGTCAT CCATGALAAAGGGTTT
N 5 WEZSSRSGHSFLSNLHLRENGELY I HEKTGTF

TACTACATCTATTCCCAAACATACTTTCGATT TCAGGAGGAAAT AA4 AGAAALCACALAGAACGACALACA AATGLT CCAATATATTTAC
Yy Iy s 0T Y FRFOQEE TKEMNTKNDKIMY QY |

AEATACACAAGTTATCCTGACCCTATATTGTTGAT GAL AAGTGCTAGAAA TAGTTGTTGATC TALAGATGCAGAATATGRACTCTATTCC
ky 7T s Y P ODP I LLMWEKSARNSCWSKDAEYGLY S

ATCTATCAAGGGGGAATATTTGAGCT TAAGGAAAATGACAGAATTTTTGT TTCTGT AACAAA TGAGCACT TGAT AGACATGGACCATGAA
/'y o661 FELKEMNDRIFY SY¥Y TNEHLIDIWDHE

GOCAGTTTTTT TGGGGCCTTTTTAGT TGGCGGATCOGG TREAGGATC TEGTGAATTCGAAGCGTT ACAGGGCCAGGT TCAGCACCT GLAG
& 5 FFGAF LY GGESGEGEGS5GEFESASL OGO Y O HL O

GUAGCTTTCAGDCAGTATALALLGGT AGAACTGTTTCC AGT CLACGGTGGAGGAGG TG GGAGLLGLECGECGAL GLAGGCGEC AL GALG
g4 F 50y K KY ELFPYDGGEGEGEAELALELAEKE & & LK

ACTAGTGACTCAGAGGDCGCCAT CAACCGCCAGAT CAACCT GRAGCTCTACGLCTCCTACGT TTACCTGTCCATGTCTTACTACTTTGAC
TSODSE &AL T NROINLELY ASY ¥ YL SMWS Y Y F D

COCGATGATGTGGCTTTGAAGAACT T TGCCAAATACTT TCT TCACCAATCTCA TGAGGAGAGGLAACA TGCTGAGAAACT GAT GAAGCTG
FE DD &L KNFA&KYFLHOSHEEREHRSAEEUKLMWEL

CAGAACCAACGAGGTHECCGAATCTTCCT TCAGGATAT CALGAAACC AGACTGTGATGACTGGELAGAGCGRECT GAA TG AAT GGAGTGT
eMoRGGER I FLOD I KKPDCDDWESGLNSAEMWETC

GUATTACATTTGGAALLAAATGTGAATCAGTCACT ACT GLAACT GCACAL ACTGRCCACTGACALAAATGACCCCOATTTGTGTGACTTC
& L HLEKNY NODSLLELHEKLATDKNDPHLZOCDF

ATTGAGACACATTACCT GAATGAGCAGGT GAAAGCCATCALAGAATT GGG TGACCACGT GACCAACTTGCGUAAGAT GRGAGCGTAA
' ETHY LNEOY Ka4& I KELGDHY TNLERIKMKIGS =

Figure S4. Sequence of TRAIL-ATNC
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Figure S5. Binding kinetics of TRAIL-ATNC'“*® with IL-4 receptor.

Surface plasmon resonance analysis for the binding kinetics of TRAIL-ATNC'“*® with IL-4
receptor. The concentrations of TRAIL-ATNC'-*" (1.25-40 nM) were injected to I1L-4 receptor
a domain coated dextran-coated chips. The IL-4 receptor a domain (1-232 amino acid) was
purchased (10402-HO8H, Sino Biological, Beijing, China). The steady-state binding data were
analyzed by fitting the curve of binding level against concentration with a 1:1 binding model
(GraphPad Prism 7.0 software). Kp was estimated as 37.67 = 3.348 nM. Data were collected

from 3 independent experiments (error bar represents S.D).
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Figure S6. Mass spectroscopy analysis of TRAIL-ATNC and TRAIL-ATNC!'-4P
(A) The purified TRAIL-ATNC and TRAIL-ATNC'“*® were analyzed by mass spectroscopy

(LC-ESI Q-TOF). A peak (MW = 23899.0) of the TRAIL-ATNC and one (MW = 23898.4) of
TRAIL-ATNC'*® were detected. Schematic diagrams showed the cleavage sites (thrombin
cleavage site (LVPR®GS) on N-terminal vector sequence of TRAIL and the flexible linker region

(GG*#GG) between helix and ferritin) of the best matched fragments (amino acids 18-228) from
TRAIL-ATNC constructs. (B) The western blot analysis with anti-TRAIL Ab showed TRAIL-

containing fragments (red *) from TRAIL-ATNC and TRAIL-ATNC'-4",
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Figure S7. Physicochemical characterization of TRAIL-ATNC without IL4rP

(A) DLS analysis of TRAIL-ATNC without IL4rP showing homogeneous, self-assembled,

nano-sized particles. (B) Transmission electron microscopy image of uracil acetate stained

TRAIL-ATNC without IL4rP.
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Figure S8. Low magnification TEM images of TRAIL-ATNC and TRAIL-ATNC!'-4P
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Figure S9. Multiangle Light Scattering (MLS) analysis of TRAIL-ATNC and TRAIL-

ATNC!H4rP,

The particle formation and heterogeneity were analyzed using the Multiangle Light Scattering
(MLS) for TRAIL-ATNC (A) and TRAIL-ATNC'**"® (B). Both TRAIL-ATNC and TRAIL-
ATNC'™*® formed 24-mer cage (no. 1), estimated as 798.8 and 640.2 kDa, respectively.
Multiple smaller sized peaks were observed which are likely monomer (no. 5), dimer (no. 4),

trimer (no. 3), and hexamer (no. 2) conformation. *aggregated particles.
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Figure S10. TRAIL receptor expression and TRAIL sensitivity in various cancer cell lines.

(A and B) The expression levels of TRAIL receptors were evaluated in MDA-MB-231, A549,
and H1703 cell line using anti-human TRAIL receptor antibodies, MAB347 (anti-DR4),
MABG6311 (anti-DR5), MAB6302 (anti-DcR1), and MAB633 (anti-DcR2) (R&D Systems), by
flow cytometry. (C) The TRAIL sensitivity was monitored in MDA-MB-231, A549, and
H1703 cells by in vitro cytotoxicity assay. (D) The expression levels of L4 receptors were
evaluated in MDA-MB-231 cell line using anti-human IL4 receptor antibodies (sc-28361,

Santa cruz) by flow cytometry.
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Figure S11. Comparing cytotoxicity between His-TRAIL and Native-TRAIL

Cell cytotoxicity was compared between the His-tagged TRAIL and native TRAIL. MDA-MB-
231 cells were incubated with concentrations of His-tagged TRAIL or Native TRAIL for 24 h
and then measured by EZ-count assay. Estimated ICs of His-tagged TRAIL and Native TRAIL

were calculated using GraphPad Prism v7.0. Data represent means + SEM.
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Figure S12. Surface plasmon resonance analysis for the binding of TRAIL-ATNC (A) or
wildtype ferritin heavy chain (FtH) (B) with Transferrin receptor 1 (TfR1) receptor. The
concentrations of TRAIL-ATNC (20.8~166 nM) and FtH (51.3 nM) were injected to TfR1
coated dextran-coated chips. The TfR1 ectodomain (89-760 amino acid) was purchased

(12020-H08H, Sino Biological, Beijing, China).
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Figure S13. Comparing cytotoxicity among GFP-Ferritin, TRAIL, and TRAIL-

ATNclL4rP

MDA-MB-231 cells were incubated with concentrations of GFP-Ferritin, TRAIL, and TRAIL-

ATNC'"*? and then measured by EZ-count assay. Data represent means + SD.



ALT AST
50+ 200+

40+ 150+

304 3
= S 100-
> S 2
— 20-
104 504
0 T 0
N
('\éo
®
Creatinine BUN
0.15+ 50~
0.104
E —
E, S, 25-
£
0.054
0.00 T 0
\ AN
«° «° & &
& & A\ e
@) (¢) &
N
&

Figure S14. Hepatotoxicity and nephrotoxicity of TRAIL and TRAIL-ATNCs.

TRAIL or TRAIL-ATNC treated mice serum were tested for the hepatotoxicity and
nephrotoxicity. (A) ALT and AST level of TRAIL or TRAIL-ATNC'**® treated mice serum
were within normal range. (B) Creatinine level of TRAIL or TRAIL-ATNC treated mice serum
was same with normal mice. BUN level of TRAIL or TRAIL-ATNC treated mice serum was

slightly higher than that of the normal mice but the levels are within the normal range.
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Figure S15. Bioluminescence imaging of the pancreatic cancer bearing mice under

treatment and post-treatment tumor volumes.

(A) Sequential BLI imaging of mice of each treatment are shown demonstrating the increase
in luciferase readout in control group mice and the significantly decreased readouts in TRAIL-

ATNC'“*? treated mice. (B) Tumor volumes of each groups after anti-tumor therapy. Data

represent means + SEM (p = 0.12; T-test).



