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The goal of this project is to create a novel, low-cost, globally deployable diagnostic device
capable of detecting viral loads in HIV patients. The three specific aims are

Specific Aim 1. To develop the microfluidic nano-filtration chip for viral sample processing.

Specific Aim 2. To design the optically forced cytometry and integrate it with the
microfluidics for fluorescent nanoparticle counting.

Specific Aim 3. Clinical evaluation of the optofluidic system using plasma samples from a
small feasibility cohort of HIV-infected patients.

The accomplishment to achieve these goals are summarized below.

1. Microfluidic nano-filtration chip for viral sample processing
Under this aim, microfluidic devices containing nanoporous membranes are fabricated
and used to purify and concentrate HIV viruses.



Methods:

The microfluidic device consists of three parts, two identical micro-channels with structure
shown in Fig. 1(a) and Fig. 1(b) made of polydimethylsiloxane (PDMS) on an SU8 mold,
and a polycarbonate membrane with pore size 20 nm. PDMS and toluene are mixed at 1:1
ratio, and used as a glue for bonding. Next, the inner surfaces of the channels are stamped
with the glue, and channels are aligned perpendicularly with the membrane sandwiched in
the middle (as shown in Fig. 1(c). The assembly is then baked overnight at 140°C so that the
toluene evaporates. The bars in the channels serve as supporting bridges for the membrane,
and also to increase the bonding area. The assembled chamber is shown in Fig. 1(d).
Depending on the openings of the four ports, the direction of the flow in the chamber, either
perpendicular or tangential to the membrane, can be controlled. This device is used for
multiple purposes, viral purification, concentration and staining.
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Figure 1. Microfluidic devices used for viral sample processing.



Alternatively, monolithic nanoporous devices are created by templating molding. Two templates
are used, leading to high aspect ratio nanopost arrays and interconnected nano-spherical pore
matrices (Figure 2). The nanopost array device in poly(methyl methacrylate) (PMMA) device is
fabricated by templating of anodic aluminum oxide (AAO) film of straight through pores.
Methyl methacrylate (MMA) monomer solution, containing 1% w/v PMMA granules and 1%
wi/v benzoin methyl ether, is introduced into AAO nanopores under vacuum for 15 min. After
drying, the sample is attached to a PMMA substrate using the MMA solution as adhesive, and is
UV-polymerized for 30 min. Afterwards, AAO is etched and the resulting device is lyophilized
to ensure the standing PMMA nanoposts. Eventually the device is attached to a roof, sealed and
connected to tubing by epoxy glue.

The spherical pore device was fabricated by templating of 3D packing crystal of silica beads.
Polystyrene (PS) nanoparticles are co-deposited with 1um silica beads into a PDMS mold and
PS nanobeads are later melted at 240 °C for 10 min. Next, the sample is glued to a PS substrate
and detached from the PDMS mold. After etching the silica beads, the porous PS sample is
attached to a 25x8 mm? PS top roof having inlet and outlet by thermal compression of 500 g at
140 °C for 40 min.

Results:

(1) Viral sample staining in the membrane devices:

The particle staining is achieved via the binding between the biotin-labeled particles and
fluorescent streptavidin in the device with nanoporous membranes. Fig. 2 schematically
illustrates the staining mechanism where streptavidin molecules diffuse through the membrane
with 20nm pores and bind with viruses. The bottom channel is initially filled with biotin labeled
particles, and the outlets are sealed to prevent evaporation and leakage. Next, Alexa 488
conjugated steptavidin is injected into the top channel and the fluorescent intensity in the bottom
channel is monitored. Due to the concentration gradient of streptavidin molecules on the two
sides of the membrane, streptavidin diffuses through the membrane to the bottom channel until
the concentration reaches equilibrium on both sides, shown in Fig. 3. After 1 hour for the
chemical interaction between biotin and streptavidin, buffer is injected into the top channel
continuously. Because of the reversal of the concentration gradient of streptavidin molecules on
both sides of the membrane, the molecules diffuse from the bottom channel back to the top
channel. Hence, the fluorescence intensity in the bottom channel drops, indicating that most of
the excess un-labeled molecules are removed from the bottom channel, the background
fluorescent intensity is therefore greatly reduced. As a result, the labeled particles stand out
clearly from the background, shown in Fig. 4. One manuscript is under preparation on this work
(Yi Hu, Danial Ou-yang and Xuanhong Cheng, “Fluorescence Correlation Spectroscopy for
HIV Viral Counting in a Microfluidic Chip,” in preparation for Lab on a Chip).
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Figure 2. lllustration of the device operation mechanism through molecular diffusion
through a nanoporous membrane.
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Figure 3. Time dependent fluorescence change in the bottom chamber of the device
indicates diffusion and elution of the fluorescence dye into the detection chamber.



Figure 4. A fluorescence image showing labeled viruses in the device.

(2) Viral sample purification and enrichment:

Viral purification and enrichment is achieved in two types of devices, the nanoporous membrane
devices and the nanoporous monolith. In the nanoporous monolith, we first optimized the
surface chemistries on different materials to form a monolayer of affinity proteins for virus
capture (Fig. 5). Next, we compared the virus capture efficiency in microchannels with and
without the nanoporous structures (Fig. 6). Without the nanostructures, a flatbed microchannel
captures minimal amount of viruses, due to the low concentration of viruses in biological fluids
and a corresponding low opportunity of virus collision with the functional surface. The two
nanostructured monoliths, on the other hand, increase the surface area by 4 orders of magnitude
in the same channel geometry. This greatly enhances the virus-surface collision and promotes
viral capture. As the viruses are specifically immobilized in the matrix and the non-specific
components are flushed out, the viruses are also concentrated and purified from contaminants in
the original sample. These facilitate downstream viral detection, since the presence of non-
specific nanoparticles creates high background for detection.

When the two monolithic nanostructures are compared, obvious differences were observed. The
two monoliths contain high aspect-ratio nanopost arrays and spherical interconnected nanopores,
respectively. Although they have comparable internal surface area, the nanopillar array has a
capture yield of ~100% from 400uL of viral suspensions at a concentration of 1 million HIV
virions/mL. The monolith with spherical pores, on the other hand, captures only 70% of the HIV
virions. The sacrificed capture yield in the spherical pore materials can be explained by large
dead volumes. In our test condition, the Peclet number are much greater than 1, thus convection
dominates over diffusion. The particles mostly follow the streamlines, which concentrate around
the pore neck in the spherical pore structure, but are scarce away from the neck. As a result,
particles have a high collision rate with the wall near the pore neck only, but have little chance to
interact with the curved pore wall away from the neck. In the nanopillar device, the streamlines
distribute much more uniformly in all dimensions, as indicated by fluid dynamics simulations
using the COMSOL program (Fig. 7). This leads to more active capture area in the nano-pillar
device. In addition to the difference in active capture area, the capture yield in the spherical
devices is further compromised by the relatively high wall shear stress around the pore neck
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compared to that on the surface of the nanopillars. The wall shear stress counteracts the affinity
binding and reduces initial interaction of viruses with the spherical pores. One manuscript is
under preparation about this work (Krissada Surawathanawises and Xuanhong Cheng,
“Monolithic microfluidic chips for processing of HIV viruses in plasma,” in preparation for
Analytical Chemistry).
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Figure 5. Virus binding on PMMA and PS functionalized by different amount of
streptavidin. Coating poly(methyl methacrylate) (PMMA) with 20pg/mL streptavidin
yields similar virus binding as coating polystyrene (PS) with 10ug/mL streptavidin.
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Figure 6. Comparison of virus binding in flatbed and nanoporous microfluidic devices.
Significantly enhanced capture happens in nanoporous devices, especially the devices
with nanopost arrays. PMMA: poly(methyl methacrylate). PS: polystyrene.
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Figure 7. Fluid dynamics simulations of streamlines in nanopost array and nanospherical
pore matrices using the COMSOL program.

The monolith nanostructured materials have only one characteristic dimension, which is
comparable to the size of viruses. Thus they can be clogged when large size contaminants exist
in the original viral sample. To process more complicated mixture of viruses, we fabricated
another type of device based on the concept of nanofiltration. This device contains a nanoporous
membrane sandwiched between two PDMS channels. The membrane is functionalized with
affinity molecules to specifically isolate target viruses. To prevent membrane clogging, we
operate the device in a tangential flow mode: a shear flow tangential to the membrane reduces
cake formation, while a through-membrane flow drives viral particles to the functional surface
for their capture. The relative fraction flowing tangential and through the membranes are
controlled by resistance channels connected to the tangential fraction. In our preliminary tests,
the resistance channel is selected to allow 20% tangential flow and 80% filtration. The capture
yield on the membrane is not only controlled by the filtration fraction, but also the sample flow
rate (Fig. 8). When the flow rate is low, non-specific binding from the sample could coat the
membrane and prevent the interaction between target viruses and the affinity coating. On the
other hand, specific interactions are interrupted at high flow rates or great wall shear stress. The
optimized flow rate was identified that corresponds to a wall shear stress of ~2dyne/cm? on the
membrane. The capture yield is ~60% at the optimal flow rate. In contrast, minimal capture
happens when the device is a simple flat bed channel. Although the capture in the membrane
device is less than the fraction transported through the membrane, the capture yield holds for
suspensions containing different concentration of virions. As the viruses are confined in a small
volume in the device, the effective concentration is enhanced by two orders of magnitude
through the filtration process. One manuscript is under preparation about this work (Keely
Heintz and Xuanhong Cheng, “Microfilturation devices for HIV separation and enrichment” in
preparation for Biomicrofluidics).
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Figure 8. Capture of HIV virus in nanofiltration devices.

2. Optically force cytometry for fluorescent microparticle counting
An optical setup is constructed to concentrate and enumerate nanoparticles. Theories are
developed to predict the concentration factor.

As one of the most sensitive techniques to detect molecules and nanoparticles, fluorescence
correlation spectroscopy (FCS) has been applied by several groups to directly measure both the
dynamics and the statistics information of fluorescently labeled species. The statistics
characterized by the zero-time autocorrelation opens the area of low concentration detection of
dilute bio-molecules. However, the sensitivity of FCS is not enough to detect concentration of
bionanoparticles such as viruses in their native environment. Recently, optical trapping has been
shown to be an effective approach to enhance nanoparticle concentration. A highly focused laser
beam creates a gradient potential with Gaussian profile. The trapping energy characterizes the
depth of the potential well and is related to the size of trapped particles as well as the refractive
index difference between the medium and particle. For colloid particles of size much smaller
than the laser wavelength, the trapping energy is on the same order as the thermal energy at
ambient temperature. Thus, many nanoparticles can be transiently confined in the optical
potential well, achieving significant concentration enhancement. Here, we combine FCS with
optical trapping and establish a relationship between the target concentration inside the trap and
in the ambient for nanoparticle enumeration.

Methods:

The schematic of the optical apparatus that combines FCS and optical trapping is illustrated in
Figure 9. Here, an IR laser (1064 nm, TREM-C1, Spectra-Physics) is used for trapping
fluorescent nanoparticles and a blue laser (488 nm, FVV-1000, Olympus) is used for fluorescence
excitation. A half-wave plate and a polarization beam splitter are used for adjusting the power of
the trapping laser. The power of the 488 nm excitation laser at the focal point is kept at a low
and constant power of 5 pyW to minimize photo bleaching. The trapping and excitation beams
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are combined by a dichroic mirror and aligned confocally at the detection point. A microscope
objective lens (UPlanFluor 100X, NA 1.3, Olympus, Japan) is used to focus the laser beams and
to collect the emitted fluorescence. The fluorescence emission passing a band-pass filter and a
beam splitter is detected by two photon-counting avalanche photo diodes (APD) (SPCM-AQRH-
13-FC, Perkin Elmer). To minimize the adverse effects due to dark count noises intrinsic to
APDs and to enhance the S/N ratio, the autocorrelation function G(t) is obtained from cross-
correlation of the APD outputs by the use of a digital correlator (Flex02-01D, Correlator.com,
USA). The geometrical parameters of the FCS detection volume are determined by using a 10
nM solution of Alexa 488 dye. Using the known diffusivity of Alexa 488 molecules in water
(430 um?/s) in fitting Eq. 2 to autocorrelation function (ACF), the radial dimension (beam waist)
Wo and the axial dimension zo of the FCS detection volume are determined to be 0.22 um and 2
pum, respectively.
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Figure 9. Illustration of the experiment apparatus.

Results:

The ACF G(t) from 110 nm PS nanoparticle suspensions are shown in Fig. 10(a) using trapping
laser powers between 0 and 16mW. Each autocorrelation function (ACF) curve represents an
average of 10 independent measurements. Fitting Eq. 2 to the trap-free (0 mW) curve yields a
particle number density <No> = 0.165 in the observation volume and diffusivity D = 4.5 pm?/s.
The measured diffusivity is in reasonable agreement with that obtained by the Stokes-Einstein
equation D = kgT/(6777a) = 4.35um?/s, where 7 is the viscosity of water at the ambient
temperature and a is the particle radius.

In the presence of the optical trap, the average number of particles in the trap can be determined
independently by total photon counts: <Nwap> = <Fap>/&. Here, ¢is the average fluorescence
luminosity per particle at fixed excitation light intensity, and can be determined by the ratio
<Fo>/G(0)™o, where <Fo> is the average fluorescence photon counts at zero trapping laser
power, and G(0)* at zero trapping laser power is equal to the mean number of particle in the FCS
observation volume. Fig. 10(b) shows a plot of G(0)trap VS. <Nirap>. The linearity in Fig. 10(b)
with a slope of 1 suggests G(0)irap equals the average number of particles in the presence of
optical trapping for all trapping powers tested here up to 18mW. A semi-log plot of G(0)
Lrap/G(0) Yo vs. the power of trapping laser is shown in Fig. 10(c). Since G(0)ap/G(0)
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Yo=<Nwap>/<No>, Fig. 10(c) implies the number of particles in the optical trap follows a
Boltzmann distribution with the trapping potential:

(Ntrap) = (No)exp(Utrap/kBT)

Where Uxap, the average trapping potential in the FCS illumination volume, is the slope of the
semi-log plot in Fig. 10(c). The Boltzmann distribution is understandable since the particles
have negligible interaction in the suspension. The trapping energy of 110 nm PS spheres is
found to be 0.1 + 0.04 ksT per mW of laser.

Fig. 10(d) shows a constant ratio of G(0)iap*/<Nwap> =1 for trapping potential energies up to 1.8
ksT, suggesting our experimental result agrees with the theoretical prediction by Meng et al.
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Figure 10. (a) Fluorescence correlation spectroscopy (FCS) autocorrelation functions of
0.01% (v/v) 110 nm polystyrene (PS) particle suspensions at selected trapping laser
powers. Each curve represents an average of 10 measurements. (b) G(0)rap from 10(a) is
found to increase linearly with <Nap> measured by <Fap>/¢; the dashed line is a fit
with slope = 1 and intercept = 0. (c) Semi-natural log plot of G(0)trap/G(0) o vs. the
trapping power suggests the average number of particles in the optical trap follows a
Boltzmann distribution. (d) G(0)wrap™/<Nwap>=1 for trapping energies up to 1.8 kgT.

To examine to what the relationship <Nuap> = 1/G(0) can be used to describe ACFs for particles
in an optical trap, we plot the same data in Fig. 10(a) along with fitting curves for various
trapping energies, 0 ksT (0 mW), 0.6 keT (6 mW), 1.2 ksT (12 mW) and 1.6 ksT (16 mW), in
Fig. 11. The excellent match between prediction and the experimental ACF data suggests that
the conventional ACF can be used to interpret the behavior of nanoparticles in a potential well up
to 1.8 kgT. This range exceeds the one predicted by Ito et al. through Brownian dynamic
simulation, where the conventional theory is only applicable with trapping energies up to 1 kgT.
The upper range of trapping energy used in this is study is limited by the optical setup, and
conventional theory could potentially describe nanoparticle concentration in even deeper
potential wells.
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Figure 11. The experimental autocorrelation function curves (black) are fitted using Eq.
(2) (red) for trapping laser powers of (a) 0 mW (b) 6 mW; (c) 12 mW; (d) 16 mW.

An SEM image, fluorescence micrography and FCS autocorrelation curve of the VLPs
suspended in culture medium are shown in Fig. 12. Fitting the curve by conventional theory, the
ACF yields a diffusion coefficient 3.79 um?/s. Using the Stokes-Einstein equation
D=kgT/(6z77a) and medium viscosity 7=0.98 cP, the diameter of the VVLPs is found to be 115 +
14 nm (average and standard deviation from 10 independent measurements), consistent with
results obtained by SEM.
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Figure 12. (a) A scanning electron microscope image of one viral like particle (VLP).
Diameter of the particles is measured to be 110+11 nm. (b) A fluorescent image of VLPs
under 100X objective. (c) Autocorrelation curve of VLPs in culture medium from which
a hydrodynamic size of 115+14 nm is obtained. All standard deviation represents 10
independent measurements.
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Next, we then determine the trapping potential of VLPs. Selected ACF curves for different laser
powers are shown in Fig. 13(a). A semi-nature log plot of G(0) vs. trapping laser power is
shown in Fig. 13(b). For buffer solutions such as PBS containing 135 mM NacCl, the Debye
screening length is on the order of single nanometer. Since the estimated average distance
between two VLPs in our experiments is more than 1 pum, particle interactions can be neglected,
and the number of particles in the optical trap follows Boltzman distribution. A semi-nature log
plot of the average number of particles vs. the trapping power is shown in Fig. 13(b). The
trapping energy for the VLPs is calculated to be 0.02 + 0.003 kg T per mW.

The trapping energy for VLPs is significantly smaller than that for PS particles of a comparable
size likely due to their hollow structure. VVLPs have a hollow core surrounded by capsid proteins
and a thin shell of phosphor lipid bilayer. To illustrate the difference, we use a discrete dipole
approximation method to numerically calculate the optical trapping energy. For the 110 nm
diameter PS spheres (refractive index 1.59) in water, the calculated trapping energy is 0.13

ks T/mW. VLPs were modeled as vesicles with 100 nm inner diameter and 10 nm lipid bilayer
(refractive index 1.46). The calculated trapping energy is 0.017 ke T/mW. Although the VLPs
also contain a capsid and nucleocapsid, the lipid bilayers seems to play a dominant role in their
trapping energy. This work has also been published (Y. Hu, X. Cheng and D. Ou-yang,
Fluorescence Correlation Spectroscopy Analysis of Nanoparticles in an Optical Trap.
Biomedical Optics Express, 2013. 4(9): p. 1646-1653).
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Figure 13. (a) Selected autocorrelation function curves of viral like particles in culture
medium at different trapping laser power. (b) a semi-log plot of the average number of
particles in the observation volume vs. the trapping laser power. The slope of the fit (red
solid line) yields a trapping energy per particle of 0.02 ksT per mW of laser power.
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3. Evaluation of combined opto-fluidic system for viral counting.
The last aim intends to combine the microfluidic devices with the optical sensor to
measure concentration of viruses in a sample.

Method:

The microdevice design is described above. A miniturized optical setup for viral detection is
shown in Fig. 14 given the need of handling bioharzard samples in the biosafety cabinet. This
confocal system consists of two lasers at wavelength 488nm and 543nm, to excite intrinsic and
tagged fluorescence respectively. The purpose to detect two fluorescence simultaneously is to
confirm the tagging efficiency in the microfluidic chip.

Sample stage
(a) :
100X objective
Dichroic
488 nm / Mirrer 1
Argon laser = /
Dichroic
GFP ﬂ-uescel/ O - Mirror 2
LT ==
m \ DPSS laser
. '
Red fluorescence 3
::\__.)Z s Pimhole
RFP photo
(b) detector
Dichroic
532 nm mirror
DPSS

Dichroic

GFP phota# )
- mirror

detector

473 nm
DPSS
laser

Dichroic mirror

Figure 14. Illustration (a) and photograph (b) of a miniaturized optical setup for viral
sensing in the microfluidic device. APD: avalanche photodiode. DPSS: diode-pumped
solid state laser. RFP: red fluorescence protein. GFP: green fluorescence protein.
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Results:
Labeling and preprocessing of viral particles are performed in microfluidic devices as described
above. The particle concentration is then determined by fluorescence correlation spectroscopy
(FCS). In FCS, the event rate for particle occurrence in the detection volume can be described
as:

dNs/dt=4zwoDc Na
where w0 is the beam waist of the observation volume, D is the diffusion coefficient of the
species, ¢ is the concentration in molarity and NA is the Avogadro constant. To measure low
species concentration, one can either elongate the sampling time, or enlarge sample volume by
changing to a lower NA objective. Since the observation volume Veff scales proportionally to
1/NA* changing objectives, for example, from NA = 1.3 to 0.6 would increase the observation
volume by a factor of 22, thus decrease the limit of FCS concentration range by the same order.
However, the trade-off is the signal-to-noise ratio (S/N) decreases with the numerical aperture,
which would lead to an overestimation of the number density. To account for the noise, the
measured correlation function amplitude G(0) is scaled by <F (t)>2/ <F (t)> - Fag, where Fsg is
the average background photocount. In this experiment, a dry objective with NA = 0.6 is used.
The particles are coated with biotin, and have intrinsic green fluorescence with excitation at
488nm. The dye molecules Alexa 546 are conjugated with streptavidin molecules which bind
steadily with biotin once they are less than 20 nm apart and would emit fluorescence with the
excitation at 543 nm. The photocount signal and the FCS autocorrelation function of particles
before and after staining is shown in Fig. 15(a). The black curve in Fig. 15(b) shows the ACF of
the original fluorescence from the particle before staining, while the red curve shows the ACF of
the signal from dye molecules after the staining and dialysis process. The two curves show good
agreement.
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Figure 15(a). Photocount signal after virus staining in the microdevice. (b) FCS
correlation curves from intrinsic and labeled fluorescence signals.

Next, a serial dilution of the biotin labeled particles is prepared, stained in the device
described before, and measured via FCS. Fig. 16 shows that the signal before staining (black
circles) and after staining (blue squares) changes linearly with the number density of the
particles suspension. A linear relation is observed in Fig. 16 confirms that devices are
capable of the staining and enumeration of viral particles. This work is currently under
preparation for a manuscript (Yi Hu, Danial Ou-yang and Xuanhong Cheng, “Fluorescence
Correlation Spectroscopy for HIV Viral Counting in a Microfluidic Chip,” in preparation for
Lab on a Chip).
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Figure 16. Particle number density measured from intrinsic and labeled fluorescence
signals.
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Yi Hu, Joe Junio, Xuanhong Cheng and Daniel Ou-yang, “Fluorescence Correlation
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Extent of Clinical Activities Initiated and Completed. Items 18(A) and 18(B) should be
completed for all research projects. If the project was restricted to secondary analysis of
clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should
be “No.”
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18(A) Did you initiate a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
__X___No

18(B) Did you complete a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
___X__No

If “Yes” to either 18(A) or 18(B), items 18(C) — (F) must also be completed. (Do NOT
complete 18(C-F) if 18(A) and 18(B) are both “No.”)

18(C) How many hospital and health care professionals were involved in the research
project?
Number of hospital and health care professionals involved in the research
project

18(D) How many subjects were included in the study compared to targeted goals?

Number of subjects originally targeted to be included in the study
Number of subjects enrolled in the study

Note: Studies that fall dramatically short on recruitment are encouraged to
provide the details of their recruitment efforts in Item 17, Progress in Achieving
Research Goals, Objectives and Aims. For example, the number of eligible
subjects approached, the number that refused to participate and the reasons for
refusal. Without this information it is difficult to discern whether eligibility
criteria were too restrictive or the study simply did not appeal to subjects.

18(E) How many subjects were enrolled in the study by gender, ethnicity and race?

Gender:
Males
Females
Unknown

Ethnicity:
Latinos or Hispanics

Not Latinos or Hispanics
Unknown

Race:

American Indian or Alaska Native
Asian

22



Blacks or African American

Native Hawaiian or Other Pacific Islander
White

Other, specify:
Unknown

18(F) Where was the research study conducted? (List the county where the research
study was conducted. If the treatment, prevention and diagnostic tests were offered in
more than one county, list all of the counties where the research study was
conducted.)

19. Human Embryonic Stem Cell Research. Item 19(A) should be completed for all research
projects. If the research project involved human embryonic stem cells, items 19(B) and
19(C) must also be completed.

19(A) Did this project involve, in any capacity, human embryonic stem cells?
Yes
__X___No

19(B) Were these stem cell lines NIH-approved lines that were derived outside of
Pennsylvania?

Yes

No

19(C) Please describe how this project involved human embryonic stem cells:

20. Articles Submitted to Peer-Reviewed Publications.

20(A) Identify all publications that resulted from the research performed during the funding
period and that have been submitted to peer-reviewed publications. Do not list journal
abstracts or presentations at professional meetings; abstract and meeting presentations should
be listed at the end of item 17. Include only those publications that acknowledge the
Pennsylvania Department of Health as a funding source (as required in the grant
agreement). List the title of the journal article, the authors, the name of the peer-reviewed
publication, the month and year when it was submitted, and the status of publication
(submitted for publication, accepted for publication or published.). Submit an electronic
copy of each publication or paper submitted for publication, listed in the table, in a PDF
version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include
the number of the research project, the last name of the PI, and an abbreviated title of the
publication. For example, if you submit two publications for Smith (PI for Project 01), one
publication for Zhang (PI for Project 03), and one publication for Bates (P1 for Project 04),
the filenames would be:

Project 01 — Smith — Three cases of isolated

Project 01 — Smith — Investigation of NEB1 deletions
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Project 03 — Zhang — Molecular profiling of aromatase
Project 04 — Bates — Neonatal intensive care
If the publication is not available electronically, provide 5 paper copies of the publication.

Note: The grant agreement requires that recipients acknowledge the Pennsylvania
Department of Health funding in all publications. Please ensure that all publications listed
acknowledge the Department of Health funding. If a publication does not acknowledge the
funding from the Commonwealth, do not list the publication.

Title of Journal Authors: Name of Peer- | Month and | Publication

Avrticle: reviewed Year Status (check
Publication: Submitted: | appropriate box

below):

1. Enumerating Yi Hu, Xuanhong Biomedical May, 2013 | COSubmitted

virus-like particles in | Cheng and Daniel | Optics Express LJAccepted

an optically Ou-Yang v'Published

concentrated

suspension by

fluorescence

correlation

spectroscopy

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications
in the future?

Yes X No

If yes, please describe your plans:

Four journal publications are under preparation:

1. Yi Hu, Danial Ou-yang and Xuanhong Cheng, “Fluorescence Correlation
Spectroscopy for HIV Viral Counting in a Microfluidic Chip,” in preparation for
Lab on a Chip.

2. Keely Heintz and Xuanhong Cheng, “Microfilturation devices for HIV separation
and enrichment” in preparation for Biomicrofluidics.

3. Krissada Surawathanawises and Xuanhong Cheng, “Monolithic microfluidic
chips for processing of HIV viruses in plasma,” in preparation for Analytical
Chemistry.

4. Chao Zhao, Alparsian Oztekin and Xuanhong Cheng, “Viral-antibody binding
assays using microscale thermphoresis,” in preparation for Biophysical Journal.

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.
Describe the outcome, impact, and effectiveness of the research project by summarizing its
impact on the incidence of disease, death from disease, stage of disease at time of diagnosis,
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22.

23.

or other relevant measures of outcome, impact or effectiveness of the research project. If
there were no changes, insert “None”; do not use “Not applicable.” Responses must be
single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE
INSTRUCTIONS. There is no limit to the length of your response.

The research provides a prototypic platform for fast viral load analysis at resource limited
settings. It holds a potential to change HIV viral detection at the point of care, thus
benefiting diagnosis of HIV infection and monitoring of anti-retroviral treatment in
developing countries.

Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and
Treatment. Describe major discoveries, new drugs, and new approaches for prevention,
diagnosis and treatment that are attributable to the completed research project. If there were
no major discoveries, drugs or approaches, insert “None”’; do not use “Not applicable.”
Responses must be single-spaced below, and no smaller than 12-point type. DO NOT
DELETE THESE INSTRUCTIONS. There is no limit to the length of your response.

Materials and devices are developed and optimized in this research to purify and concentrate
HIV viruses. Optical sensors are demonstrated to enumerate nanoparticles in a sensitive and
time-efficient fashion. These components are key modules to build a point-of-care viral
detector for the diagnosis of HIV viral load.

Inventions, Patents and Commercial Development Opportunities.

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35
of the United States Code, conceived or first actually reduced to practice in the performance
of work under this health research grant? Yes_ X No

If “Yes” to 23(A), complete items a — g below for each invention. (Do NOT complete items
a- gif 23(A) is “No.”)

a. Title of Invention: Opto-fluidic Nanoparticle Detection Apparatus
b. Name of Inventor(s): Daniel Ou-yang, Xuanhong Cheng and Yi Hu

c. Technical Description of Invention (describe nature, purpose, operation and physical,
chemical, biological or electrical characteristics of the invention):

This invention involves two components. The first component is a microfluidic chip
with embedded nanoporous membranes to process virion containing plasma. This
chip will contain a pre-filtration element that separates target nano-particles from
other larger particles in the original plasma sample. Purified viral suspension will
then be concentrated through mechanical nanofiltration to strain the plasma, while
retain virions in a suspended state in a controlled small volume above the membrane.
The microfluidic viral concentrator will also be used to label target particles by
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diffusing fluorescently labeled antibodies through the nanoporous membrane. The
second component of the invention is an optical trap and a confocal fluorescence
intensity detector integrated with the concentration chamber in the microfluidic chip.
The optical trap generated by an IR laser will further concentrate the target particles.
As the normalized change of the fluorescent intensity (ratio of the fluorescent
intensity after applying the optical trap vs. before) at the focus of the optical trap is
directly proportional to the initial target particle concentration, but insensitive to the
absolute intensity of the particles, it will be used to quantify viral concentration. This
intensity ratio will be measured by focusing a separate, visible laser beam at the
center of the optical trap and the fluorescence emission light will be detected
confocally by a photomultiplier (PMT).

. Was a patent filed for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?
Yes X No

If yes, indicate date patent was filed: Mar. 2, 2009

Was a patent issued for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?

Yes X No

If yes, indicate number of patent, title and date issued:

Patent number: 2009, PCT/US09/35683

Title of patent: Opto-fluidic Nanoparticle Detection Apparatus

Date issued: Apr. 14,2011

Were any licenses granted for the patent obtained as a result of work performed under
this health research grant? Yes No_ x

If yes, how many licenses were granted?

Were any commercial development activities taken to develop the invention into a
commercial product or service for manufacture or sale? Yes_ No X

If yes, describe the commercial development activities:

23(B) Based on the results of this project, are you planning to file for any licenses or patents,
or undertake any commercial development opportunities in the future?

X No

If yes, please describe your plans:

Lehigh University Technology Transfer Office is helping to identify partners to license the
patent and commercialize the technology from this research.
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24. Key Investigator Qualifications. Briefly describe the education, research interests and
experience and professional commitments of the Principal Investigator and all other key
investigators. In place of narrative you may insert the NIH biosketch form here; however,
please limit each biosketch to 1-2 pages. For Nonformula grants only — include information
for only those key investigators whose biosketches were not included in the original grant
application.
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