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Supporting Information 

Experimental Details 

Materials 

1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and the nickel salt of 1,2-dioleoyl-sn-glycero-3-

{[N(5-amino-1-carboxypentyl)iminodiacetic acid] succinyl} (DOGS-NTA-Ni) were purchased from Avanti 

Polar Lipids (Alabaster, AL). All other reagents were ordered from Sigma-Aldrich (St. Louis, MO). The 

scaffold protein apoE422K was expressed and purified as previously reported (1).  

Viruses 

The snowy owl isolate of WNV NY99 (2) (R.B. Tesh, UTMB) was used for all animal studies. Mice were 

challenged with 1000 ffu of virus (corresponding to 10 LD50 in 8-week-old mice). 

Preparation of truncated E (trE-His) protein 

WNV E antigen was produced by a cell line expressing a persistently replicating Venezuelan equine 

encephalitis virus replicon (VEErep/WNprMtrE/Pac) encoding WNV prM followed by the first 421 codons 

of the E gene (80 % of full-length E) fused to a 6X histidine tag (3). Supernatant harvested from cells 

grown in serum free media was used for ELISA assays (see below). For vaccine preparations, trE-His was 

incubated with Ni-NTA agarose resin (Invitrogen, Carlsbad, CA) in HBS (20mM HEPES, 150mM NaCl, pH 

7.4) containing 5 mM imidazole for 1 hour at 4°C. Resin was transferred to a disposable column, washed 

with 8 column volumes HBS with 5 mM imidazole, and the trE-His was eluted with 2.5 column volumes 
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of HBS with 100 mM imidazole. The trE-His elution fractions were assessed by SDS-PAGE, and those 

fractions containing trE-His were pooled. Purified trE-His was then dialyzed overnight at 4°C against HBS 

and concentrated using a 5 kDa molecular weight cut-off (MWCO) Vivaspin centrifugal concentrator 

(Sartorius Stedim, Aubagne, France). The trE-His was quantified relative to an ovalbumin standard by 

densitometry of a SDS-PAGE gel following SyproRuby (BioRad, Hercules, CA) staining. Gels were imaged 

using the Typhoon 9410 Variable Mode Imager (GE Healthcare, Piscataway, NJ) and analyzed using 

ImageQuant software package (GE Healthcare).  

Preparation of NiNLPs 

NiNLPs were assembled as previously described (4). Briefly, a mixture of DMPC and DOGS-NTA-Ni (9:1 

molar ratio) in chloroform was aliquoted into a glass vial. Using a stream of N2, chloroform was removed 

to form a thin lipid film on the inside of the glass vial. Lipids were further dried in vacuo for at least 2 

hours. Lipids were subsequently solubilized in TBS buffer (10 mM Tris, 150 mM NaCl, pH 7.4) using 20 

mM sodium cholate. The apoE422K scaffold protein was added and the mixture incubated at room 

temperature for at least 4 hours prior to an overnight dialysis against TBS buffer to remove cholate. 

Assemblies were run on SEC (Superdex 200, 10/300 GL column, GE Healthcare) in TBS buffer (0.5 

mL/min flow rate, λ=280 nm). Fractions corresponding to NiNLPs were collected (Supporting Figure 1A). 

These fractions were run on 4-20 % Tris-glycine polyacrylamide gels (Invitrogen) to determine purity. All 

gels were stained with SyproRuby (BioRad) and imaged using the Typhoon 9410 Variable Mode Imager 

(GE Healthcare). NiNLP SEC fractions with a single dominant band were then pooled (Supporting Figure 

1A). Purified NiNLPs were then dialyzed against HBS and stored at 4°C until needed. 

Immobilization of trE-His on NiNLPs 

To immobilize trE-His on NiNLPs, NiNLPs were incubated with trE-His (1:2 molar ratio) at room 

temperature for 45 minutes. A portion from each sample was subsequently filtered through a 100 kDa 

MWCO Microcon spin concentrator (Millipore, Burlington, MA) and washed three times with 200 μL 

HBS. For control experiments, NiNLPs were pre-incubated in buffer containing 4 mM 

ethylenediaminetetraacetic acid (EDTA) for 45 minutes at room temperature. For these samples, the 

wash buffer also contained 4mM EDTA. Total and retentate samples were then analyzed by denaturing 

gel electrophoresis on 16 % Tris-tricine polyacrylamide gels (Invitrogen). Gels were stained and imaged 

as indicated above. ImageQuant (GE Healthcare) was used for densitometry measurements. Previously 

published experimental and modeling data were used to extrapolate NiNLP concentration assuming that 

NiNLPs contain four apoE422K lipoproteins per NiNLP (5). 

Atomic Force Microscopy 

AFM was used to measure NiNLP dimensions and to verify immobilization of trE-His on the NiNLPs. AFM 

analysis of NiNLPs was conducted as previously described (4, 5).  

NiNLP-trE-His animal studies 
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In the pilot experiment, groups of five 6-week-old female Swiss Webster mice (Harlan Sprague Dawley, 

Indianapolis, IN) were immunized intraperitoneally (i.p.) with NiNLP alone, trE-His alone, NiNLP-trE-His, 

or diluent alone (mock). Antigen-containing inocula consisted of 2.5 μg trE-His. All inocula were 

delivered in 100 μl of L-15 medium containing 10 mM HEPES and 0.5 % FBS. Animals were monitored for 

vaccine-induced side effects including lethargy and hind-limb paralysis. At 21 days post-vaccination 

serum was collected from all of the animals by retro-orbital bleed. Fourteen days later animals were 

challenged i.p. with 10 LD50 of WNV NY99 and monitored for changes in weight and health for 21 days. 

Animals scored moribund were humanely euthanized in compliance with UTMB Animal Care and Use 

requirements and scored as “dead” the following day. In the second experiment, groups of ten 5-week-

old female Swiss Webster mice were immunized i.p. with trE-His alone, NiNLP-trE-His, or diluents alone. 

All other experimental parameters were identical, except animals were challenged seven days after 

serum collection.  

ELISAs  

Serum antibody titers to WNV E were measured using an enzyme-linked immunosorbent assay (ELISA). 

Immulon 2HB microtiter plates (Thermo Labsystems, Franklin, MA) were sensitized with trE-His protein, 

and then incubated with individual sera (diluted 1:100) for 1 hour. Goat anti-mouse IgG HRP-conjugated 

antibody (KPL, Gaithersburg, MD) was added to the plates for 1 hour, and the bound HRP was detected 

by incubation with TMB (Sigma), prior to quenching with 1 M HCl. The reaction product was quantitated 

spectrophotometrically at 450 nm, and values were corrected for background activity detected from 

wells that received diluent in place of sera. 

 

Supporting Figures 

 

 

Supporting Figure 1. Purification of NiNLPs. (a) NiNLP assembly reactions were run on SEC after dialysis. 

Fractions were collected across the NiNLP peak. (b). SEC fractions were analyzed by NDGGE to 

determine sample purity. Only fractions displaying a single major band (astericks) were deemed 

homogeneous and subsequently pooled for downstream applications.  
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Supporting Figure 2. AFM diameter analysis of representative NiNLPs (n=110). The average diameter of 

the NiNLPs was 23.2 ± 2.3 nm, based on measurements of 110 individual NiNLPs. (Inset) Representative 

AFM micrograph. Scale bar is 100 nm.  

 

 

Supporting Figure 3. AFM height analysis of NiNLP and trE-His immobilization. Height profiles of NiNLP 

samples immobilized on a mica surface were analyzed by AFM. Blue bars represent NiNLPs scored as not 
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containing immobilized trE-His. Red bars represent NiNLPs scored as containing immobilized trE-His. (a) 

NiNLPs alone displayed heights of ~5.5 nm (n=70). (b) When incubated with trE-His, approximately 60% 

of the NiNLPs on the mica surface displayed heights of ~6.2 nm (red bars) (n=76). (c) No NiNLPs of higher 

height are observed upon addition of EDTA to NiNLPs during incubation with trE-His (n=73).  

 

 

Supporting Figure 4. Serology results from individual mice in (a) the pilot experiment (n=5) and (b) the 

second experiment (n=10). Variability in antibody response is due to high and low responders within 

each group. ELISAs were performed at least in duplicate with identical results. 
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