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ABSTRACT: Dispersions of non-lamellar lipid membrane assemblies are gaining increasing 

interest for drug delivery and protein therapeutic application. A key bottleneck has been the lack 

of rational design rules for these systems linking different lipid species and conditions to defined 

lattice parameters and structures. We have developed robust methods to form cubosomes 

(nanoparticles with a porous internal structure) with water channel diameters of up to 171 Å 

which are over 4 times larger than archetypal cubosome structures. The water channel diameter 

can be tuned via the incorporation of cholesterol and the charged lipids DOPA, DOPG or DOPS. 

We have found that large molecules can be incorporated into the porous cubosome structure and 

these molecules can interact with the internal cubosome membrane. This offers huge potential 

for accessible encapsulation and protection of biomolecules, and development of confined 

interfacial reaction environments. 

INTRODUCTION: Cells are complex assemblies of lipids, proteins and a wide range of other 

molecules, which govern compartmentalization, regulation of cellular content and signaling 
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pathways.1 It can be difficult to engineer therapeutic agents that interact with cellular systems 

specifically and efficiently; however, model membrane based carriers can significantly enhance 

drug efficacy due to their biocompatible lipid composition which can lead to increased uptake 

and lower toxicity. Model membranes also offer opportunities for targeting via incorporation of 

bioactive lipids and antibody labelling to increase specificity.2 To date the majority of lipid based 

therapeutic agents are vesicular.3,4,5 Vesicular systems are based on mixtures of lipids which form 

a single bilayer envelope surrounding an aqueous internal volume. Increasingly, lipid 

nanoparticles with non-lamellar internal membrane structures are gaining significant attention.6,7 

A key advantage of these systems in comparison to vesicles, is their much higher membrane 

surface area to volume ratio; this is extremely important in increasing loading, containment and 

protection of interfacial active cargo. 

The majority of examples of non-lamellar dispersions are cubosomes, which are particles of a 

few hundred nm in size formed from dispersions of lipid bicontinuous cubic phases in the 

presence of a stabilizing polymer. There are three different lipid bicontinuous cubic phases with 

Ia3d, Im3m and Pn3m symmetry (QIIG, QIIP and QIID respectively),8–11 and they are all formed 

by a single lipid bilayer draped over an infinite periodic minimal surface which separates two 

independent but intertwined water channel networks. They are formed via self-assembly and 

their properties are tunable via compositional, pressure and temperature variation.12,13 There is 

already significant research into different stabilizers, and their effects on toxicity, uptake and 

cubosome structure.14–17 These stabilizers provide a library of compounds for targeting 

cubosomes through biofunctionalisation and antibody targeting.18,19 

Demurtas et al. have directly visualized cubosome dispersions formed from monoolein and a 

polyglycerol ester using cryo electron tomography. This work suggests that the internal cubic 
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structure is effectively defect free and that at least one channel network is isolated from the 

surrounding aqueous environment.20  

Whilst many examples of cubosomes exist in the literature, the majority of these are formed 

from single or binary lipid mixtures.21,22 They have been  used in applications including loading 

of small drug molecules for cancer therapy, drug delivery via lipase digestion, testing lipolytic 

enzyme activity and acting as potentiators for the delivery of immunostimulants.23–29 However, 

there are very few examples of cubosomes with larger molecule and protein cargo due to severe 

limitations in currently attainable pore sizes.30 Conn et al. have demonstrated loading of the 

dopamine D2L receptor into monoolein and phytantriol cubosomes doped with Ni(II) chelated 

EDTA amphiphiles,31 Zabara et al. have demonstrated pH responsive cubosomes with Outer 

Membrane Protein F (OmpF) reconstituted into the bilayer32 and Rodrigues et al. have loaded 

phytantriol hexasomes with lysozyme and ovalbumin.33 Cubosomes have been loaded with beta 

casein34 for release of nerve growth factor in PC12 cells35 and more recently intravenously 

injected dye loaded cubosomes have been used for in-vivo lifetime imaging in mice.36 These are 

highly encouraging developments but there remains a significant bottleneck in the wider 

application of cubosomes due to the lack of methods to produce them with large, well defined 

water channel diameters. High throughput production techniques have also been lacking 

although recent progress demonstrating progress towards on-chip formulations for cubosomes 

and lipid nanoparticles with further expand their application.37,38 

Problems controlling bulk cubic phases for crystallization of membrane proteins39,40 have now 

been overcome and highly swollen bulk bicontinuous cubic phases with lattice parameters of up 

to 480 Å and water channel diameters of almost 250 Å have been reported in mixtures of 

monoolein, cholesterol and anionic lipid.12,13 This was achieved by addition of cholesterol, which 
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stiffens the bilayer and reduces thermal fluctuations, and charged lipids to electrostatically swell 

the structure. Leung et al. have also shown that ternary mixtures of monoolein, DOTAP and 

DOPE-PEG (95:4:1 MO:DOTAP/DOPE-PEG) can form highly swollen primitive cubic phases 

with lattice parameters of up to 484 Å.41 These engineering principles have been used to design 

swollen lipid cubic phases for the crystallization of the Gloeobacter violaceus ligand-gated ion 

channel (GLIC) which contains large extracellular domains which was impossible in non-

swollen cubic phases.42 

There is evidence that cubosomes formed from lipid mixtures that include a charged 

component can exhibit increased water channel sizes. Two of the largest reported examples have 

used cationic lipids and include Angelova et al. who incorporated 15 mol% of DOMA and 3 

mol% of DOPE.PEG2000 into monoolein cubosomes resulting in mixed Pn3m-Im3m phase 

coexistences with lattice parameters of 283 and 349 Å, respectively43 and Leal et al. who 

incorporated 15 mol% DOTAP resulting in a lattice parameter of over 200 Å at 60 wt% water.44 

Leal et al. also demonstrated cubosome loading with siRNA for gene silencing and that the 

geometry of the these nanoparticles can enhance delivery in comparison to liposome systems.44,45 

However, all of the work to date offers very limited targeting of the cubosome structure. Here we 

report a library of highly swollen cubosome dispersions formed from ternary mixtures including 

monoolein (MO), cholesterol (CHOL) and an anionic lipid component: 1,2-dioleoyl-sn-glycero-

3-phospho-L-serine (sodium salt) (DOPS), 1,2-dioleoyl-sn-glycero-3-phospho-(1’-rac-glycerol) 

(sodium salt) (DOPG) or 1,2-dioleoyl-sn-glycero-3-phosphate (sodium salt) (DOPA) and 

stabilized with F-127.  

These dispersions have lattice parameters of up to 339 Å and pore sizes of up to 171 Å. By 

changing the lipid type and percentage of anionic lipid incorporated, the lattice parameter and 
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pore sizes can be precisely controlled. The cubosome assemblies have been characterized by 

small angle X-ray diffraction (SAXS) and cryo transmission electron microscopy (Cryo TEM) 

providing a detailed understanding of both their internal structure and particle morphology. We 

further show via a fluorescence based assay that Lectin PHA-L, a tetrameric protein of 120 kDa, 

can be encapsulated into the cubosomes’ membrane bound water channels based on the channel 

pore size. This work vastly expands the structural parameter space that we can access in 

cubosome systems and offers potential for large protein therapeutic encapsulation and delivery. 

EXPERIMENTAL: 

Materials 

1,2-dioleoyl-sn-glycero-3-phospho-L-serine (sodium salt) (DOPS), 1,2-dioleoyl-sn-glycero-3-

phospho-(1’-rac-glycerol) (sodium salt) (DOPG), 1,2-dioleoyl-sn-glycero-3-phosphate (sodium 

salt) (DOPA), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1,2-dioleoyl-sn-glycero-3-

phosphoethanolamine-N-(lissamine rhodamine B sulfonyl) (ammonium salt) (Liss Rhod PE) and 

cholesterol (ovine, wool) (CHOL) were purchased from  Avanti Polar  Lipids (AL,  USA)  as 

lyophilised powders. 1-Oleoyl-rac-glycerol (monoolein, MO) and potassium chloride, (KCl) and 

chloroform were purchased from Sigma Aldrich (Gillingham, UK).  DOPS, DOPG, DOPA, 

CHOL and MO lipids had a purity of >98% and were used without further purification, but were 

lyophilised for 12 hours before use to ensure they were fully dry. Lectin PHA-L From Phaseolus 

vulgaris (red kidney bean) (Lectin PHA-L), Alexa Fluor 488 Conjugate was purchased from 

Thermo Fisher Scientific as a lyophilized powder and hydrated to 1 mg/ml in 100mM KCl, 

aliquoted and stored at -20°C. 

Cubosome preparation 



 6 

Lipid mixtures were formed by co-dissolving the lipids at the relevant mol% ratios in chloroform 

followed by solvent removal under a stream of nitrogen gas to form a lipid film and a minimum 

of 4 hours on the lyophiliser to remove residual chloroform. Lipid films were hydrated in 

100mM KCl, pH 7.4 (sterile filtered) to 50mM and homogenised via a minimum of 15 freeze 

thaw cycles between approximately -196°C and 60°C. Samples were subsequently heated to 

25°C and 1ml of 2mg/ml F-127 solution in 100mM KCl was added prior to sonication using a 

VibraCell VCX 750 with a tapered microtip using pulse mode (1s on, 1s off), amplitude 30%, for 

a maximum of 5 minutes. Residual titanium from the sonication tip was removed via 

centrifugation 4000 rpm for 10 minutes in an Eppendorf benchtop centrifuge. Dynamic light 

scattering of the cubosome samples composed of MO, MO:CHOL:DOPS 60:30:5 mol% and 

MO:CHOL:DOPS 60:30:10 mol% showed a single peak with a PDI below 0.2 as shown in 

Supporting Information Figure S1. All cubosome samples were used within 1 day of formation. 

SAXS preparation 

Cubosomes were loaded into glass capillaries which were sealed with silicon sealant and imaged 

in a temperature controlled capillary holder. Where necessary cubosome samples were 

concentrated using Amicon centrifugal concentrators with a 100K MWCO. Data was collected at 

the European Synchrotron Radiation Facility (ESRF) using beamline ID02. Diffraction patterns 

were collected using an X-ray wavelength of 0.73 Å and at a camera lengths of 1m or 6m. 

Images were analysed using the in-house developed software package AXcess.46 Briefly, the two 

dimensional SAXS patterns were radially integrated to give one dimensional diffraction patterns. 

The Bragg peaks were then fitted using Gaussian functions and indexed by comparison to 

characteristic diffraction patterns from known lipid structures. These fits were used to calculate 

the lattice parameters. 
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Cryo-TEM 

Cubosomes were formed as previously described with a composition of MO:CHOL:DOPS 

60:30:10 mol%, diluted 1:10 in 100mM KCl and 2μl pipetted immediately onto glow discharged 

holey carbon grids (Quantifoil R 2/2). Grids were vitrified in liquid ethane with an FEI Vitribot 

with an offset of -4 and a wait and blot time of 5s. Grids were stored in liquid nitrogen prior to 

Cryo TEM image acquisition on a 120kV FEI Tecnai 12 with an F216 TVIPS CCD camera. 

Images were recorded with a magnification of 30,000x, a defocus of -1.6μm and an electron dose 

of 1845 e-/nm2. Raw images were imported into ImageJ for processing. FFT analysis was 

performed in ImageJ by selecting regions of interest and using the FFT function. Brightness and 

contrast was enhanced in some images for the purposes of clearer viewing. Scale bars have been 

added to the images using ImageJ. 

Fluorescence FRET Assay 

Cubosomes were prepared as described previously with 0.1 mol% Liss Rhod PE co-lyophilised 

with the lipid mixture prior to solvent removal. Suitable concentrations of cubosomes and Lectin 

PHA-L were optimised via dilution in 100mM KCl in a Varian Cary Eclipse fluorimeter to give 

a final lipid:protein ratio of 1000:1. The sample was excited at 495nm and the FRET was 

calculated by taking the fluorescence at 590 nm, which corresponds to the lipid fluorescence and 

dividing by the sum of the fluorescence at 520nm and 590nm which correspond to the lectin 

PHA-L and lipid respectively.  

𝐹𝑅𝐸𝑇 =
𝑙𝑖𝑝𝑖𝑑	𝑓𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒34567

𝑙𝑖𝑝𝑖𝑑	𝑓𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒34567 + 𝑙𝑒𝑐𝑡𝑖𝑛	𝑃𝐻𝐴𝐿	𝑓𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒3>567
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Samples were subsequently diluted 1:1 in 100mM KCl three times and the FRET measured at 

each point to ascertain if trapping of the protein had occurred. Data shown is the mean and 

standard error of three measurements. As a control, vesicles were formed with an identical lipid 

and Rhod PE concentration to the cubosome mixture by preparing the films as described 

previously, freeze-thawing followed by extrusion through a 100nm polycarbonate filter using an 

Avanti Mini Extruder. Vesicle FRET experiments were repeated in an identical manner to the 

cubosome experiments. 

RESULTS: Previous work on bulk monoolein based bicontinuous cubic phases in water showed 

electrostatic swelling of the cubic phase above the limits previously predicted by Bruinsma et 

al.47 The extremely high water channel diameter porous cubosome nanoparticles developed here 

follow very similar design rules to their bulk structure counterparts (electrostatic swelling 

achieved by incorporation of charged lipids coupled to membrane stiffening by cholesterol). 

Figure 1 a-d shows the lattice parameters of cubosomes formed with different lipid compositions 

and representative small angle diffraction patterns from the cubosome dispersions are shown in 

Supporting Information Figure S2. 
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Figure 1. Im3m bicontinuous cubic phase (except  HII 37°C,  HII 45°C) SAXS lattice 

parameters of cubosomes formed in 100mM KCl showing the effects of temperature (  25°C,  

37°C,  45°C) and composition of (a) CHOL in cubosomes containing 5 mol% DOPG, (b) 

DOPG in cubosomes containing 30 mol% CHOL, (c) DOPS in cubosomes containing 30 mol% 

CHOL (d) DOPA in cubosomes containing 30 mol% CHOL. Each data point corresponds to an 

individual sample and the estimated error is smaller than the data points. The 0 mol% anionic 

lipid points have been included for comparison and correspond to pure monoolein. Cryo TEM 
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images of cubosomes formed from (e) 100% MO (f) MO:CHOL:DOPS 55:30:10 mol% in 

100mM KCl, with power spectra and radial integrations shown inset. Scale bars are 100 nm. 

The effect of cholesterol on the lattice parameter of MO:CHOL:DOPG cubosomes in 100mM 

KCl with 5 mol% DOPG can be seen in Figure 1a. The cubosomes have an internal Im3m 

structure and increasing the cholesterol from 10 to 30 mol% causes the lattice parameter to 

increase from 137 Å to 239 Å at 25 °C. Increasing the temperature to 37 °C and subsequently 45 

°C led to comparatively small lattice parameter changes (< 5 Å).  Bulk mixtures containing 5 

mol% DOPG and 70 wt% water at 35°C exhibit a lattice parameter of 361 Å at 0 mol% 

cholesterol, which increased to a maximum of 415 Å at 15 mol% cholesterol. At 45 °C, the 

lattice parameter of the bulk Im3m phase swells from 364 Å at 0 mol% cholesterol to 423 Å at 

30 mol% cholesterol.12 The lattice parameter trend of the bulk mixtures corresponds well to the 

cubosome behavior we report, however, in cubosomes containing 5 mol% DOPG we do not 

observe the coexisting hexagonal (HII) phase at 45 °C seen in the bulk mixtures. It is likely that 

the F-127 shifts the phase boundaries. Cubosomes in water with increasing mol% of cholesterol 

in the absence of charged lipid also exhibited Im3m phase morphology (Supporting Information 

Figure S3). The lattice parameter we report in the cubosome system at 30 mol% cholesterol and 

5 mol% DOPG in 100mM KCl is approximately 100 Å smaller than that reported in the bulk 

system in water.12 We attribute this to the presence of buffer leading to some electrostatic 

screening of the headgroup charges and reducing the long range electrostatic swelling of the 

cubic phase. As the incorporation of cholesterol increased the lattice parameter of ternary lipid 

cubosomes without disrupting the structure, all further cubosomes were formed with 30 mol% 

cholesterol. This concentration was set just above the 28 mol% solubility limit of cholesterol in 

pure monoolein.48 
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The effects of adding the anionic lipids DOPG, DOPS, and DOPA to cubosomes can be seen 

in Figure 1b-d. In all cases increasing the mol% of charged lipid increased the lattice parameter. 

For DOPG and DOPS at 25°C, increasing the anionic lipid from 2 to 10 mol% increased the 

lattice parameter by 172 and 140 Å, respectively. DOPA was only measured up to 5 mol%, 

which exhibited a cubic lattice parameter of 256 Å and at higher temperatures, coexistence of an 

HII phase. These trends correspond well to the electrostatic swelling of lattice parameters in bulk 

ternary mixtures and demonstrate that cubosomes can also be engineered for pore size and 

composition. We did not observe the lamellar phase transitions observed in the bulk mixture at 

10 mol%, potentially due to the buffer and stabilizer shifting the phase boundaries. Some lattice 

parameter changes were seen as the temperature was increased to 37°C and 45°C, although these 

were small in comparison to the differences seen with anionic lipid. Samples containing DOPS 

and DOPA showed an HII-Im3m phase coexistence at 45°C resulting in a shrinking of the Im3m 

cubic phase. This was also visible in the DOPA sample from 37°C. The occurrence of the HII 

phase was reversible upon cooling. 

Table 1. Estimated channel widths for the Im3m phase of the most swollen cubosome structures 

at 25°C. Where a is the Im3m lattice parameter, RW is the water channel radius.  

Sample (mol%) a (Å) Rw (Å) 
MO 135 23 
MO:CHOL:PA 65:30:5 256 60 

MO:CHOL:PG 60:30:10 343 87 

MO:CHOL:PS 60:30:10 339 85 

 

Table 1 shows estimated water channel diameters for the cubosomes with the largest observed 

lattice parameters. These have been calculated using equation 1 derived by Briggs et al.49,50 
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RW = 0.305a – L (equation 1) 

Where RW is the water channel radius, a is the lattice parameter and L is the monolayer 

thickness of MO in the Pn3m phase which was taken to be 18 Å.51 It should be noted that these 

are estimates as the samples also contain F-127 and in most cases cholesterol and charged lipids 

for which monolayer thicknesses are not available. By electrostatically swelling the cubosomes’ 

internal structure we can achieve water channel diameters exceeding 170 Å and achieve rational 

design of cubosome systems with defined pore sizes in buffer making them compatible with a 

wide range of protein and other biomolecular encapsulation applications. 

Representative Cryo-TEM images of MO:CHOL:DOPS 60:30:10 mol% cubosomes in 100mM 

KCl are shown in Figure 1e-f with fast Fourier transforms (FFT) (inset) highlighting the 

cubosome’s internal structure. Radial integrations of the power spectra are also shown and 

demonstrate the shift in peak position corresponding to the larger pore sizes. The Cryo-TEM 

images show some pore size distribution in the DOPS cubosomes which was not observed in the 

SAXS data. The Cryo TEM data represents individual cubosomes within the sample and the grid 

preparation can favor larger, denser particles due to the wait time prior to blotting in which the 

particles settle. This process is likely to accentuate the observed pore size distribution and the 

absence of significant polydispersity in the SAXS data (which samples a large cross section of 

the sample) indicates that bulk of the cubosomes adopt a well defined pore size. 

One of the most important potential application of cubosomes is for the encapsulation of 

proteins. To demonstrate this in swollen pore size systems, a FRET assay was developed to test 

protein incorporation into cubosomes formed from pure MO and MO:CHOL:DOPS 60:30:10 

mol%. Rhodamine B labelled lipid (Rh-DHPE) was incorporated into the membrane and Alexa 

488 labelled lectin PHA-L was added externally. A schematic of this assay can be seen in Figure 
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2a-c. The FRET, defined in the experimental section, was 0.23 +/- 0.01 in MO cubosomes in 

comparison to the swollen cubosomes containing 30 mol% CHOL and 10 mol% DOPS which 

showed a FRET value of 0.32 +/- 0.01. Upon 1:1 dilution of the samples with buffer, the FRET 

signal decreased in both cases. The larger FRET value measured for the MO:CHOL:DOPS 

cubosomes in comparison to the MO cubosomes is indicative of a greater access to the internal 

membrane due to an increase in channel size. Assuming that the protein membrane interaction is 

similar in both cases, the FRET signal will be proportional to the number of PHA-L proteins able 

to interact with the lipid membrane. In this case, the 40% increase in the FRET signal when the 

channel diameter increases from 46 Å in the MO system to 171 Å in the MO:CHOL:DOPS 

system implies approximately a 40% increase in the protein accessible membrane area. 

Decreasing FRET upon dilution is attributed to reduced surface association and indicates the 

lectin-PHA-L is not trapped within the larger pores. The hydrodynamic radius of Lectin-PHAL is 

approximately 42 Å.52 The diameter of the water channels in MO cubosomes is estimated to be 

46 Å (Table 1). Therefore it is conceivable that the lectin PHA-L has some limited access to the 

water channels and therefore cubic membrane in the MO only case as well as the 

MO:CHOL:DOPS cubosome which explains the non-zero FRET. However, as the hydrodynamic 

radius of lectin-PHA-L and the MO channel diameter are almost identical, proteins loaded close 

to the particle surface are likely to block access via the water channel network to the particle 

core. When the water channels swell with the addition of DOPS, the channels are 3.7 times 

larger and therefore free diffusion of protein within the water channel network would still be 

possible even if loading occurs close to the particle surface leading to increased protein loading 

and  an increase in the measured FRET signal. 
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Figure 2. FRET assay for Lectin PHA-L (Alexa 488) interacting with Rh-DHPE in the lipid 

membrane. Schematics shown demonstrate a) association of lectin PHA-L with vesicle and 

cubosome membranes b) FRET in a vesicle and cubosome c) how FRET is affected by a 

swelling of the water channel size d) FRET assay results comparing MO ( ) and 

MO:CHOL:DOPS ( ) cubosome FRET in charged and neutral systems. 

To compare FRET in the cubosomes with a system where the lectin PHA-L has access to a 

known membrane surface area, FRET experiments for vesicles with identical lipid and Rh-

DHPE concentrations for DOPC:CHOL 70:30 mol% and DOPC:CHOL:DOPS 60:30:10 mol% 
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were performed.  Results are shown in Supporting Information Figure S4. FRET values obtained 

were very similar to those obtained for the MO:CHOL:DOPS cubosomes. In a vesicle, the lectin 

PHA-L has access to approximately 50% of the lipid molecules, those on the vesicle outer 

surface. This implies that in the MO:CHOL:DOPS system, the lectin PHA-L must have access to 

a similar proportion of lipid molecules. This is only possible if the protein can access the internal 

cubosome membrane as the total number of lipid molecules in the two experiments are identical. 

Previous studies have indicated that at least one of the channel networks in cubosome systems is 

open.20 Interestingly the similarity in FRET values obtained between the vesicle and cubosome 

systems may support the hypothesis that for large molecules one channel network is open and the 

other closed i.e. that in both the vesicle and the MO:CHOL:DOPS systems only 50% of the lipid 

molecules (one leaflet) is accessible. Assuming an excess of protein, if both channels were open 

the protein would be able to access all lipid molecules in the cubosomes and the corresponding 

FRET signal would be approximately double that observed for the vesicle sample. Establishing 

these engineering rules will enable us to tailor water channel size to the desired cargo to 

maximize loading efficiency i.e. to have the smallest water channel size feasible to maximize 

membrane surface area. It is possible that a similar FRET assay could be used to quantify 

loading of proteins, however this is outside the scope of this study. 

CONCLUSIONS: In conclusion we show that cubosomes with defined channel sizes can be 

engineered using monoolein, cholesterol and up to 10 mol% anionic lipid. Cholesterol swells the 

membrane with further addition of charged lipids leading to an electrostatic swelling of the 

bilayer. This data is in good agreement with previous investigations into swelling bicontinuous 

cubic phases in bulk and shows that cubosomes can be systematically designed and engineered 

using lipid compositions and channel sizes tailored to specific applications. Furthermore, our 
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FRET data shows that a relatively large protein can access the cubosome internal membrane to a 

significantly greater extent in swollen cubosomes than those with smaller pore sizes. Swollen 

cubosomes offer a versatile platform for protein encapsulation and an exciting alternative to 

vesicular delivery systems with significantly higher membrane area, and potential for dynamic 

control of the cubosome pore size, accessibility and release characteristics. This unlocks the 

possibility of using cubosomes for a variety of applications including enzymatic reactions, 

protein trapping and protein therapeutics. 
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