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The cell membrane is asymmetric: Its inner leaflet consists mostly of phosphatidylserine
(PS) and phosphatidylethanolamine (PE) lipids while its outer leaflet mostly consists of
phosphatidylcholine (PC) and sphingomyelin. The cell membrane loses its asymmetry when
components of its inner leaflet, mainly PS molecules, flip to the outer leaflet. When this occurs,
binding of certain membrane proteins such as annexin V, which binds specifically to PS, is
enabled. Here, we study the effect of membrane density of PS molecules on annexin V binding
using a supported, planar lipid bilayer (SLB) system, made of 1,2-dioleoyl-sn-glycero-3-
phosphocholine, porcine brain L-a-phosphatidylserine, and cholesterol. Fluorescence recovery
after photobleaching (FRAP) data indicate that the fluorescently labeled phospholipid 1,2-
dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-(7-nitro-2-1,3-benzoxadiazol-4-yl) (DPPE-NBD) in
SLBs on glass cover slips have a diffusion coefficient of 7.2 £ 1.1 x 10° cm’/s and the mobile
fraction was 96%. This high mobile fraction suggests that the lipids in the SLB are sufficiently
mobile. Further studies involve determination of protein distribution and measurement of the
mobility of protein on the bilayer using confocal microscopy and FRAP. The results could provide a
better understanding of cellular processes that occur only when the membrane is symmetric and

certain proteins have bound to it such as apoptosis.

Keywords: lipid bilayer, annexin V, fluorescence recovery after photobleaching, lateral diffusion
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Introduction

A biological membrane is an important component in both prokaryotic and eukaryotic cells. It is
primarily composed of lipids which arrange into bilayers. Supported lipid bilayers (SLB), lipid bilayers
formed through spontaneous fusion of unilamellar lipid vesicles on solid substrates, have been found to
be excellent models of biological membranes, (1) owing to their numerous advantages. Lipids and
reconstituted proteins in supported membranes retain lateral mobility. (2) The molecular properties of
membrane constituents and their compositions can be systematically varied. Moreover, these model
membranes offer a thin, optically-penetrable, two-dimensional structures that can be studied using a wide
range of interface-sensitive techniques that include total internal reflection fluorescence, (3) atomic force
spectroscopy, (4,5) X-ray and neutron scattering, (6,7) Fourier-transform infrared spectroscopy, (8) quartz
crystal microbalance, (9) surface plasmon resonance, (9,10) nuclear magnetic resonance, (11) and even
mass spectrometry. (12)

The lipid membrane in cells is asymmetric with the inner leaflet composed of phosphatidylserine
(PS) and phosphatidylethanolamine (PE) lipids while the outer leaflet is composed of phosphatidylcholine
(PC) and sphingomyelin. (13,14) Loss of membrane asymmetry occurs with the externalization of PS lipids
to the outer leaflet. PS on the outer leaflet of the bilayer can easily be detected using a PS binding protein
such as annexin V. (13-15) Most research on SLB and annexin V has tended to concentrate on the effects
of annexin V concentration or substrate type on SLB formation and mobility. (16-19) This body of work has
suggested that high annexin V concentration lowers the mobility of the SLB. However, the density of PS
(or its availability) may also affect binding of annexin V and hence, the mobility of the SLB. (15) In this
work, we consider this alternate scenario. PS concentration in the SLB made is varied while keeping
annexin V concentration constant. The distribution of the protein and mobility of the lipid bilayer and
annexin V is studied using confocal microscopy and fluorescence recovery after photobleaching (FRAP).
As the interaction between phospholipids and proteins is crucial in certain cellular processes such as
apoptosis, (13) the findings of this research could elucidate the mechanisms that depend on membrane

density and protein interaction, as a result.



Materials and Methods

Materials.1, 2-Dioleoly-sn-Glycero-3-Phosphocholine (DOPC), porcine brain L-Ol-Phosphatidylserine (PS),
and 1, 2-Dipalmitoyl-sn-Glycero-3-Phosphoethanola mine-N-(7-nitro-2-1, 3-benzoxadiazol-4-yl) (DPPE-
NBD) were purchased from Avanti Polar Lipids, Inc (AL, USA) and used without further purification. The
following were from Sigma-Aldrich Chemical Co (MO, USA) and were of high purity: Cholesterol, NaCl,
KCI, Na,HPO,, KH,PO,, HEPES, CaCl,, and EDTA. Chloroform (HPLC grade) was from Labscan Asia Co
Ltd (Bangkok, Thailand). Annexin V-Alexa Fluor 488 was purchased from Molecular Probes Inc (CA,
USA).

Preparation of Small Unilamellar Vesicles (SUV). DOPC and PS were dissolved in chloroform at a ratio of
9:1 (mol/mol) [6]. Cholesterol dissolved in chloroform was added to the phospholipid mixture to get a
phospholipid to cholesterol ratio of 1:1. (20) DPPE-NBD, dissolved in chloroform, was added to the lipid
mixture at a concentration of 10 mol% (of total lipids). The chloroform was then evaporated using a rotary
evaporator (Buchi, Italy) and high vacuum for 3 hours. The lyophilized lipids were then dissolved in
phosphate buffer saline (PBS), pH 7.4. PBS is prepared using 137mM NaCl, 2.7mM KCI, 4.3mM Na,HPO,,
and 1.4mM KH,PO,. The final concentration of lipids in buffer is 0.2 mg/mL. (20) Lipid vesicles were
hydrated by sonicating at room temperature for 15 minutes or until the solution was clear. This was

followed by 5 freeze-thaw cycles using dry ice bath and warm water (about 50°C).

Formation of Supported Lipid Bilayers (SLB). The cleanliness of the glass substrate was of great
importance to the experiment. Cover slips (Fisher Scientific, PA, USA) were treated with sulfo-chromic
acid and alcoholic KOH. The cover slips were then thoroughly rinsed with DI water and absolute ethanol
(Merck, Germany). The cover slips were stored in ethanol until use. On cleaned cover slips, a silicone
gasket with two ports (Electron Microscopy Sciences, PA, USA) was placed. Prepared SUVs were
deposited through one of the ports until the gasket was full. The SUVs were then allowed to form into
bilayers by incubating for 10 minutes in the dark. Following incubation, free vesicles and aggregates were

removed by washing with PBS buffer 3 times.

Reconstitution of Annexin V-Alexa Fluor 488. Annexin V-alexa fluor 488 was taken from stock
(concentration was not provided by the vendor) and made into 5% (vol/vol) solution with either annexin
binding buffer or unbinding buffer. Annexin binding buffer is prepared using 10mM HEPES, 140mM NaCl,
and 2.5mM CaCl,, pH 7.4. Annexin unbinding buffer is prepared using 25mM HEPES, 140mM NaCl, and



1mM EDTA, pH 7.4. Binding and unbinding buffers are used according to the experiments performed
(see next section). To remove aggregates and equilibrate with the appropriate buffer, the 5% annexin
solution was dialyzed using a spin-trap from GE Biosciences. Manufacturer’s instructions were followed
on use. To each well of the gasket containing the lipid bilayer, 20lLL of 5% annexin V-Alexa Fluor 488
solution was added. The well was then filled with the appropriate buffer. The lipid and protein was allowed

to incubate for 10 minutes in the dark before being washed with buffer 3 times.

Confocal Microscopy and FRAP. For all observation and experiments, a confocal laser scanning
microscope (CLSM) from Olympus (FV 1000) was used. Prior to viewing samples on the confocal
microscope, the samples were equilibrated for 5-10 minutes. The excitation wavelength was 488/495 nm.
Magnification used was 10x and 40x and always 40x for FRAP experiments. For FRAP experiments, an
area 10 llm in diameter was selected and laser of 100% intensity was used to illuminate the spot for 380
ms. This induced bleaching of fluorophores. The area was then monitored for 160 seconds for

fluorescence recovery.

Results and Discussion

Mobility of SLB. Using CLSM and FRAP, the mobility of the SLB was observed. Figure 1 shows a series of
images. In Figure 1a, nothing is observed because no dye was used. In Figure 1b (1), however, bright
green spots cover the entire area of view with the brightest spots being dye aggregates. Figure 1b (1) is
the image taken before any bleaching. Figure 1b (2) is taken during the photobleaching. The red circle
represents the area bleached. It can be seen that the fluorophores in the area are almost completely
bleached out but 10 seconds later (Figure 1b (3)), dye molecules from surrounding area have migrated in.
By 160 seconds (Figure 1b (4)), the bleached area is almost indistinguishable from the rest of the image.
This suggests that the SLB and the dye molecules in the SLB are mobile and will diffuse into the bleached
area when a gradient occurs.

The sequence of images comprising Figure 1b is best represented graphically. By monitoring the
fluorescence intensity in the red circle, it is possible to obtain an intensity profile. Figure 2 shows an
intensity profile obtained from two replicates of the experiment.

The intensity profile obtained in Figure 2 can be fitted using standard diffusion models. To fit the above
intensity profile, the diffusion model derived and explained in a paper by Axelrod et al (21) was used. The
intensity profile was fitted in MATLAB 7 (The MathWorks Inc, MA, USA). It was then possible to calculate

the diffusion coefficient and mobile fraction. (21) The average diffusion coefficient was found to be



Figure 1. Images from FRAP experiment. a) SLB with no DPPE-NBD dye as control b) SLB with DPPE-NBD dye during FRAP

experiment. Sequence of images with 1) before bleaching, 2) during bleach, 3) 10 seconds after bleach, 4) 160 seconds after

bleach.

7.2+ 1.1 X 10° cm?/s. This value is consistent with the diffusion coefficient of lipids in cell membranes
which was reported to be 8.0x10° cm’/s in (22) and 8.2+1.2x10° cm’/s in (23), at 37°C. In addition, the

mobile fraction was 96%. Thus, it may be concluded that the SLB was sufficiently mobile.

Binding of Annexin V-Alexa Fluor 488 to the SLB. In this work, in addition to being concerned with the
dynamics of the SLB, dynamics of the annexin V protein conjugated to alexa fluor 488 fluorescent dye in
the SLB is also an issue. A first step in studying the latter involves the study of binding and unbinding of
the annexin V protein. Annexin V binds to PS in the lipid bilayer when ca’is sufficiently present. (13-15)
Thus, a preliminary study of binding and unbinding of annexin V to the SLB involved adding the protein to
the formed SLB using binding and unbinding buffers, respectively. Figure 3 shows the results obtained
from binding and unbinding scenarios.

From Figure 3a, it can be seen that the annexin V-alexa fluor 488 has bound to the SLB because
small green fluorescent spots are observed, albeit the signal is weak. However, in Figure 3b, no
fluorescent spots are observed. Thus, annexin V binds to the SLB only when Ca'? are available while in

the presence of a chelating agent such as EDTA, no binding occurs, regardless of the presence of PS.



Intensity Profiles from FRAP Experiments with SLB containing DOPC, PS, and Cholesterol

600 -

500 -
N o, A
28
A s sk e A a2 4 N A A aa a
P NN S N N . A D A
400 I A ale Lo st A
SN A A AA A 2A AAA APan .\ A ap
A &
A A A I
I V- a A L A A PN
= A M Al Y VW ST Aa
3 A A A
2 390 1 A ,a A AAA A N A N AAA At o, AT A Sample 1
2 A A%, aa A, A A % A a A Sample 2
c Ada A A AT, A, R A A A
A
ah A A A
200 - A
ata
A
100 A
0 T T T T T T T T |
0 20 40 60 80 100 120 140 160 180

Time (seconds)

Figure 2. Intensity Profiles from 2 replicates of the same experiment.

Figure 3. Images of SLB with annexin V at 40x magnification: a) SLB and annexin V-alexa fluor 488 in binding buffer b) SLB and

annexin V-alexa fluor 488 in unbinding buffer.

Conclusion

From the results presented above, it may be concluded that an SLB was successfully made that
is demonstrably mobile like cell membranes and annexin V proteins bind and interact with this bilayer. In
addition, annexin V, a protein that binds to PS in the lipid bilayer only in the presence of Ca'’, continues to

behave selectively in the model bilayer. Thus, the system intended for study is feasible. The next step in



this work is to further study the dynamics of annexin V in the bilayer and when the PS density is varied.

This study could elucidate the phospholipid density dependent dynamics of certain membrane proteins,

which could provide insights into cellular processes that occur because of membrane lipid and protein

interactions such as apoptosis.
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Supported Planar Lipid Membranes and Their Applications
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Abstract

The natural membranes provide key environments for many biological processes,
including cellular communication and transport of small molecules. To capture the complex
behaviors associated with the membranes, it is important to gain biophysical knowledge of the
membranes themselves. The supported planar lipid membranes offer a crucial link toward the
understanding of biomembranes and related biological activities. This article presents the general
overview of this type of model membranes, from preparation methods to exciting research

arenas where the supported membranes play an active role.
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Introduction

Living cells and organelles could not have existed and maintained their functions without
natural mechanics to set boundary from the environment and to produce compartmentalization
within the cell. Such mechanics is provided by biological membranes that consist of lipid
bilayer. In addition to cholesterol for mammalian cells and phospholipids of various chain
lengths and head groups, the bilayer also contains many proteins and carbohydrates inserted or
attached to the membrane surface. Integral proteins such as ion channels span the membrane
asymmetrically. Peripheral proteins associate with the lipid bilayer either by partially immersing,
by anchoring to the lipids, or by interacting with other proteins in the membrane. Many
peripheral proteins such as the ubiquitously expressed protein decay-accelerating factor (DAF or
CDS55) in human anchor to the exoplasmic membrane surface via a glycosylphosphatidylinositol
(GPI) linkage, which in turn partially inserts into the lipid bilayer. (1-3) A high percentage of
membrane proteins and lipids in human also covalently link to carbohydrates, which are thought
to play a vital role in cell communication with the surroundings. (4) All of these molecular

components are held together non-covalently in the membrane, allowing most of them to be



laterally mobile. The ability of lipids and proteins to traverse in the two-dimensional plane is
fundamental to many biological processes. (5,6) Together with structural complexity of the
membranes, the dynamics of various membrane components adds up to an already complicated
picture of living systems, often too convoluted to dissect scientifically.

Supported planar lipid membranes prove to be a successful model for the study of
membrane structure and protein dynamics, owing to their numerous advantages. Lipids and
reconstituted proteins in supported membranes retain lateral mobility. (7) The molecular
properties of membrane constituents and their compositions can be systematically varied.
Moreover, these model membranes offer a thin, optically-penetrable, two-dimensional structures
that can be studied using a wide range of interface-sensitive techniques that include total internal
reflection fluorescence, (8) atomic force spectroscopy, (9,10) X-ray and neutron scattering,
(11,12) Fourier-transform infrared spectroscopy, (13) quartz crystal microbalance, (14) surface
plasmon resonance, (14,15) nuclear magnetic resonance, (16) and even mass spectrometry. (17)
This article presents a general overview of physical properties of the supported planar lipid
membranes, along with key aspects of their research applications.
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Figure 1. Schematic diagram showing the main structure of supported planar lipid bilayer.

Supported planar lipid membranes

The lipid bilayer is separated from the solid support by an ultrathin film of water
molecules of thickness 5-20 A. (12,16) This water layer serves as a lubricant to relieve the
membrane of motional friction with the underlying substrate surface which is usually glass,
mica, silicon, or quartz. The suppressed friction thus enables the lipids to move freely in the two-
dimensional plane. The supported membranes are stably held on the substrate by a combination
of hydration, steric, electrostatic, and van der Waals forces. (18) The thermal and mechanical
stability of the membranes is sufficient to withstand high flow rate of solution, (19) making them
very useful particularly for flow-based experiments.

The supported lipid membranes are prepared by three general approaches: 1) the
monolayer transfer by the Langmuir-Blodgett (LB) and the Langmuir-Schaefer (LS) techniques
(Fig 2A); i1) the spontaneous lipid vesicle fusion (Fig 2B); and iii) the combination of the two
(Fig 2C). In its simplest procedure, the first method involves vertically passing a solid substrate

through a monolayer film of lipids suspended at air/water interface (LB) in order to deposit one



layer of lipid membrane on the substrate. A bilayer is then formed by horizontally pressing the
solid-supported monolayer to the suspended monolayer in a trough (LS). The advantage of this
technique is an easy manipulation of the lipid composition and density of the membranes. This
means that the asymmetric properties of the membrane bilayers can be tuned at will. However,
the downside of this method is an inability to incorporate membrane proteins in the bilayers
because of the potential loss of proteins to the aqueous reservoir that suspends the monolayer. In
addition, during the transfer of the monolayer, the proteins may be exposed to air and
consequentially dehydrate, resulting in the denaturation of the proteins. The second approach to
prepare the supported bilayers involves spontaneous fusion of the unilamellar lipid vesicles on
solid substrate. The fusion process is thought to initiate with low-density adsorption of the
vesicles to the solid surface. (14,20) At a critical density of the adsorbed vesicles, they coalesce
to form larger vesicles. (10) These vesicles ultimately rupture, fuse, and spread to form a lipid
bilayer. (10) To make the supported membranes biologically functional, vesicles with
reconstituted integral proteins can be used to infuse the membranes. Another powerful way to
incorporate the proteins is to include some molecular anchors in the preformed planar bilayer
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Figure 2. General procedures for the formation of supported bilayers. A) The Langmuir-Blodgett
(vertical dipping) is used to deposit the monolayer, followed by the Langmuir-Schaefer
(horizontal contacting) to complete the bilayer structure. B) The vesicle fusion directly deposits
the bilayer on solid substrate. C) The combined method uses the LB to prepare a single

monolayer and sequentially introduces the upper leaflet via vesicle fusion.



proteins that have been tailored to specifically bind to those anchors. Since the vesicle fusion
method primarily relies on the spontaneous fusion mechanism, the controlled variation of
membrane compositions can be difficult to achieve. The advantages of the LB/LS technique and
the vesicle fusion can be combined in the third method, where the lower leaflet is first deposited
onto the substrate by the LB procedure, followed by spontaneous fusion of the vesicles to obtain
the bilayer.

As noted earlier, the spacing between the bilayer and the solid support is only 5-20 A.
(12,16) While this thin space may provide enough room to allow good lateral fluidity for lipids,
it could prove problematic for reconstituted transmembrane proteins. Large integral proteins
such as some ion channels likely protrude far away from the membrane surface. If this protruded
portion is located at the inner leaflet, the protein may directly contact the bare solid surface (Fig
3A), resulting in loss of protein mobility, functionality, and even complete denaturation. This
problem can be overcome by adding cushion between the membrane and the substrate as
illustrated in Fig 3B. (21) Polymer materials are good candidates for this purpose because of
their generally hydrophilic properties, chemical stability, and good wetting properties at the
interface. A good example of polymer cushions is regenerated cellulose, which has been shown
to retain functionality of the incorporated proteins. (22) An alternative strategy to increase the
membrane-substrate gap makes use of lipopolymer linkers. (23) The lipid-like end of these
linkers hooks to the membrane while the macromolecular head group acts as a spacer (Fig 3C).
The unique benefit of this approach comes from the fact that the spacer length, density, and
viscosity of the linker layer can be systematically controlled. Another intriguing choice of spacer
is bacterial cell-surface layer (S-layer) proteins. (24) However, the use of S-layer proteins has so

far been limited to gold and silver substrates.
A B &

transmembrane protein
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Figure 3. Degree of interaction of a transmembrane protein with three types of supports. A) The
bare solid support. B) The hydrated-polymer cushioned support. C) The support cushioned by
lipopolymer tethers.

Protein interactions at the membrane interface
The supported planar lipid membranes provide an excellent environment for preserving

much of the protein functions over a large two-dimensional macroscopic area. They are therefore



a desirable model for investigations of molecular interactions at the membrane interface. The use
of protein-functionalized supported membranes was first pioneered in the study of molecular
recognition and associated dynamics in the immunological synapse. (7) An important event in
adhesion and communication of immune cells occurs when an antigen-presenting cell (APC)
interacts with a T cell prior to activation of the immune response. This cell-cell interaction is
strongly coupled with the binding of T cell receptors (TCRs) on the T cell to peptide fragments
carried by major histocompatibility complex (MHC) on the APC. The binding of multiple
molecules creates a supramolecular activation cluster (SMAC). Upon this binding, it is likely
that the mobility of each protein will be altered. By using fluorescence video microscopy, Brian
and McConnell was able to visualize this crucial change in dynamics and demonstrate that
immobile peptide-MHC could activate the cytotoxic T cells. (7) This sophisticated use of
supported membranes had since led to many more immunological transmembrane
communication findings. (25-28) The dynamic trajectory for immunological synapse has been
found to start with the initial diffuse protein distribution and end with static protein organization.
In addition to a better description of immunological synapse, accurate quantitative information
has been accumulated over the years. For example, it has been reported that the total MHC
accumulation at the synapse has a strong correlation with the half-time of TCR-peptide-MHC
binding, (26) and that at least 60 peptide-MHC per um” in the SMAC is needed for proliferation.
(26) Together with theoretical modeling, it was further suggested that the increased
accumulation of peptide-MHC is necessitated by the low TCR-peptide-MHC binding affinity
and also helps level off the strong signal by inducing endocytosis of activated TCRs. (26)

The lenient membrane environment for proteins, the versatile geometry of the supported
membrane systems, and the insulating properties of the bilayers all provide a suitable platform
for electrochemical sensing, particularly in the study of ion channels. (29) The set up is
analogous to a traditional patch-clamp technique, which involves sealing a fine glass pipette tip
with a cell or patch of membrane and monitoring the electric current activity as ions pass
through the ion channels. In one study, the lipid bilayer with reconsituted gramicidin channels
was polymer-cushioned on a semiconductor electrode. (29) By using a combination of DC
current recording to observe the channel activity and fluorescence imaging to simultaneously
follow the colocalization of the proteins, a strong correlation was observed between the channel
activity and the dimerization of gramicidin. (29) The improvement of sensitivity of this approach

to the level of single-molecule events has later been achieved by using membranes supported on



indium-tin-oxide (30) or semiconductor materials (31,32) and analyzed with time-resolved
Fourier transform impedance spectroscopy.

The idea of a special form of membrane partitioning known as liquid-ordered,
cholesterol-rich domains or lipid rafts has attracted massive interest over the past decade. (33,34)
These domains are thought to provide crucial platforms for many biological processes, including
cell signaling, cell adhesion, and pathogenic infection. The supported bilayers serve as an
indispensable tool for investigations of physical properties of the domains that are difficult, if
not possible, to study. Using nanometer scale-sensitive, integrated technique of atomic force
microscopy and near-field scanning optical microscopy, phase separation and dynamic nature of
the domains could be followed in real time. (35) Particularly interesting is a stable existence of
nanometer-sized domains, which were previously thought to be too thermodynamically unstable
to occur in cell membranes. (36,37) A more relevant system to the cell membranes utilized
peptide- and protein-incorporated model bilayers, where it was found that B-amyloid peptide
AP42 was preferentially localized in the domains. (38) In addition to peptides, a protein called

synapsin in the neural synapse system was also found to have domain-dependent activity. (35)

Lipid membrane patterning

Due to strong dependence on supporting materials, the two-dimensional shape of planar
lipid bilayers can be controlled by directly manipulating the solid supports. If a substrate surface
is overlaid with an array of lipid-barriers, then we would obtain an array of partitioned bilayers.
A variety of techniques such as photolithography, electron-beam lithography, and contact
printing can be used to create the barriers. Currently, two general schemes are used to generate
the patterning. The first method directly confines bilayers to specific locations on the surface.
This can be achieved either by using an optical mask to spatially control the cross-linking of
some lipids such as diacetylene lipid (39) or printing onto/blotting out certain areas of membrane
by using lipid-specific stamp such as polydimethylsiloxane. (40) Alternatively, the lipid
microarrays can be obtained by contact printing the lipid-repellant barriers or hydrophobic
proteins onto the substrate surface prior to the bilayer deposition. (41) These barriers effectively
confine the bilayers within the untreated areas, resulting in corrals of membranes on the
substrate. Since the membrane fully retains its fluidity and bilayer structure in each corral, (42)
the micropatterned lipid membranes can potentially be used as platforms for combinatorial
libraries of small molecules, proteins, and other analytes. Parallel screening of candidates for

drug discovery is also feasible.



In addition to the biotechnological applications, micropatterned lipid membranes offer
new opportunities in cell membrane studies. In one instance of immunological synapse studies,
an array of 100-nm-linewidth chromium barriers was deposited on glass substrate using electron-
beam lithography. (43) The artificial patterned APC membrane was then prepared on the
substrate. The patterned chromium grids then acted as diffusion barriers to individual patches of
membranes. When the T cell interacted with this patterned membrane, it was found that the
lipids, peptide-MHC:s, as well as intercellular adhesion molecules (ICAMs) induced pattern
formation of the TCRs and lymphocyte function-associated antigen 1 (LFA-1, a ligand to
ICAM) on the T cell membrane as well. The fact that the patterns on both membranes were
governed by the arrangement of the chromium grids indicates that the TCRs were not
preclustered prior to contact with the membrane. An observation that each TCR was located in
the grid corner nearest to the SMAC center also suggests that the TCR organization is linked to
the cytoskeletal network of the T cell. (43)

Hybrid designs using supported membranes

The ability to preserve protein functions of the bilayers has found broad applications in
new technologies, including in the field of microfluidics. The inner surfaces of microfluidic
channels that were coated with lipid bilayers protected the enzymes from denaturation and gave
strong signal-to-noise ratio. (44) When the alkaline phosphatase enzymes were tethered to the
lipid membrane-coated channels via biotin-streptavidin linkages, the result was a better signal-
to-noise reading and only small amount of protein was needed to run the assay. (45) The
application of fluidics to study the enzymatic activity in supported membrane systems also
resulted in greater sensitivity in data acquisition. (44,45)

The supported planar lipid membranes have also been used as a biocompatible support
for DNA-tethered vesicles. (46) The two vesicles fused together when placed in a close
proximity. The rate of this fusion could be controlled by tweaking the degree of DNA
hybridization, (47) making this a potential tool for the study of membrane fusion. If the vesicles
were composed of charged lipids, the distance between any two vesicles could be adjusted using
electric field parallel to the bilayer surface. (48) Vesicles can also be tethered to the bilayers with
biotin-streptavidin coupling. It was demonstrated with single-molecule accuracy that yeast
SNARE proteins incorporated in bilayer-tethered vesicles mediate fusion with free-standing

SNARE-vesicles. (49)

Conclusion



The biologically functional environment and the versatile manipulation of the supported
planar lipid membranes have given researchers a powerful tool to address important challenges
in cell membrane phenomena. Applications of this class of model membranes in the
immunological and neural synapse studies and in the lipid raft characterizations have yielded a
plethora of insightful information. The development for more sophisticated supported
membranes is ongoing, and there is no reason not to expect more new discoveries on membrane
interface. The coupling between the supported membranes and new analytical techniques marks
a promising possibility for future technological inventions. In a similar manner to the
microfluidics applications, the bilayers with functional proteins may give nanodevices an
immunologically-benign shield and molecular specificity needed to make successful therapeutic
agents. Patterning technology with greater precision and accuracy could pave for combinatorial
biochemistry and membrane-active drug screening. The supported bilayers also serve as a
platform not only for functionalized vesicles, but also for pathogenic studies. Model membranes
may be constructed to resemble the envelopes of some viruses. These membranes could then be
used to reveal much of the unknown factors in viral infections. They can even be envisioned to

provide core structures for new drug delivery systems.
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Abstract: The cell membrane is asymmetric: Its inner
leaflet consists mostly of phosphatidylerine (PS) and
phosphatidylethanolamine (PE) lipids while its outer
leaflet mostly consists of phosphatidylcholine (PC) and
sphingomyelin. The cell membrane loses its asymmetry
when components of its inner leaflet, mainly PS
molecules, flip to the outer leaflet. When this occurs,
binding of certain membrane proteins such as annexin V,
which binds specifically to PS, is enabled. Here, we study
the effect of membrane density of PS molecules on
annexin V binding using a supported, planar lipid bilayer
(SLB) system, made of 1,2-Dioleoyl-sn-Glycero-3-
Phosphocholine, porcine brain L-a-Phosphatidylserine,
and cholesterol. Fluorescence recovery after
photobleaching (FRAP) data indicate that the
fluorescently labeled phospholipid 1,2-Dipalmitoyl-sn-
Glycero-3-Phosphoethanolamine-N-(7-nitro-2-1,3-
benzoxadiazol-4-yl) (DPPE-NBD) in SLBs on glass cover
slips have a diffusion coefficient of 7.2 + 1.1 x 10° cm%/s
and the mobile fraction was 96%. This high mobile
fraction suggests that the lipids in the SLB are sufficiently
mobile. Further studies involve determination of protein
distribution and measurement of the mobility of protein
on the bilayer using confocal microscopy and FRAP. The
results could provide a better understanding of cellular
processes that occur only when the membrane is
symmetric and certain proteins have bound to it such as
apoptosis.

Introduction

A biological membrane is an important
component in both prokaryotic and eukaryotic cells. It
is primarily composed of lipids which arrange into
bilayers [1]. Supported lipid bilayers (SLB), lipid
bilayers formed through spontaneous fusion of
unilamellar lipid vesicles on solid substrates, have been
found to be excellent models of biological membranes
[2]. A key characteristic of biological membranes is its
dynamics and this is preserved in supported lipid
bilayer systems, making it ideal for study of membrane
properties and protein interactions.

The lipid membrane in cells is asymmetric
with the inner leaflet composed of phosphatidylserine
(PS) and phosphatidylethanolamine (PE) lipids while
the outer leaflet is composed of phosphatidylcholine
(PC) and sphingomyelin [3-4]. Loss of membrane
asymmetry occurs with the externalization of PS lipids
to the outer leaflet. PS on the outer leaflet of the

bilayer can easily be detected using a PS binding
protein such as annexin V [3-5].

Most research on SLB and annexin V has
tended to concentrate on the effects of annexin V
concentration or substrate type on SLB formation and
mobility [6-9]. This body of work has suggested that
high annexin V concentration lowers the mobility of
the SLB. However, the density of PS (or its
availability) may also affect binding of annexin V and
hence, the mobility of the SLB [5]. In this work, we
consider this alternate scenario. PS concentration in the
SLB made is varied while keeping annexin V
concentration constant. The distribution of the protein
and mobility of the lipid bilayer and annexin V is
studied using confocal microscopy and fluorescence
recovery after photobleaching (FRAP). As the
interaction between phospholipids and proteins is
crucial in certain cellular processes such as apoptosis
[3], the findings of this research could elucidate the
mechanisms that depend on membrane density and
protein interaction, as a result.

Materials and Methods

Materials.1, 2-Dioleoly-sn-Glycero-3-Phosphocholine
(DOPC), porcine brain L-a-Phosphatidylserine (PS),
and 1, 2-Dipalmitoyl-sn-Glycero-3-Phosphoethanola
mine-N-(7-nitro-2-1, 3-benzoxadiazol-4-yl) (DPPE-
NBD) were purchased from Avanti Polar Lipids, Inc
(AL, USA) and used without further purification. The
following were from Sigma-Aldrich Chemical Co
(MO, USA) and were of high purity: Cholesterol,
NaCl, KCl, NazHPO4, KH2PO4, HEPES, CaClz, and
EDTA. Chloroform (HPLC grade) was from Labscan
Asia Co Ltd (Bangkok, Thailand). Annexin V-Alexa
Fluor 488 was purchased from Molecular Probes Inc
(CA, USA).

Preparation of Small Unilamellar Vesicles (SUV).
DOPC and PS were dissolved in chloroform at a ratio
of 9:1 (mol/mol) [6]. Cholesterol dissolved in
chloroform was added to the phospholipid mixture to
get a phospholipid to cholesterol ratio of 1:1 [10].
DPPE-NBD, dissolved in chloroform, was added to the
lipid mixture at a concentration of 10 mol% (of total
lipids). The chloroform was then evaporated using a
rotary evaporator (Buchi, Italy) and high vacuum for 3

hours. The lyophilized lipids were then dissolved in
phosphate buffer saline (PBS), pH 7.4. PBS is prepared



using 137mM NaCl, 2.7mM KClI, 4.3mM Na,HPO,,
and 1.4mM KH,PO,. The final concentration of lipids
in buffer is 0.2 mg/mL [10]. Lipid vesicles were
hydrated by sonicating at room temperature for 15
minutes or until the solution was clear. This was
followed by 5 freeze-thaw cycles using dry ice bath
and warm water (about 50°C).

Formation of Supported Lipid Bilayers (SLB). The
cleanliness of the glass substrate was of great
importance to the experiment. Cover slips (Fisher
Scientific, PA, USA) were treated with sulfo-chromic
acid and alcoholic KOH. The cover slips were then
thoroughly rinsed with DI water and absolute ethanol
(Merck, Germany). The cover slips were stored in
ethanol until use.

On cleaned cover slips, a silicone gasket with two ports
(Electron Microscopy Sciences, PA, USA) was placed.
Prepared SUVs were deposited through one of the
ports until the gasket was full. The SUVs were then
allowed to form into bilayers by incubating for 10
minutes in the dark. Following incubation, free vesicles
and aggregates were removed by washing with PBS
buffer 3 times.

Reconstitution of Annexin V-Alexa Fluor 488. Annexin
V-alexa fluor 488 was taken from stock (concentration
was not provided by the vendor) and made into 5%
(vol/vol) solution with either annexin binding buffer or
unbinding buffer. Annexin binding buffer is prepared
using 10mM HEPES, 140mM NaCl, and 2.5mM
CaCl,, pH 7.4. Annexin unbinding buffer is prepared
using 25mM HEPES, 140mM NaCl, and ImM EDTA,

pH 7.4. Binding and unbinding buffers are used
according to the experiments performed (see next
section).

To remove aggregates and equilibrate with the
appropriate buffer, the 5% annexin solution was
dialyzed using a spin-trap from GE Biosciences.
Manufacturer’s instructions were followed on use. To
each well of the gasket containing the lipid bilayer,
20uL of 5% annexin V-Alexa Fluor 488 solution was
added. The well was then filled with the appropriate
buffer. The lipid and protein was allowed to incubate
for 10 minutes in the dark before being washed with
buffer 3 times.

Confocal Microscopy and FRAP. For all observation
and experiments, a confocal laser scanning microscope
(CLSM) from Olympus (FV 1000) was used. Prior to
viewing samples on the confocal microscope, the
samples were equilibrated for 5-10 minutes. The
excitation wavelength was 488/495 nm. Magnification
used was 10x and 40x and always 40x for FRAP
experiments. For FRAP experiments, an area 10 um in
diameter was selected and laser of 100% intensity was
used to illuminate the spot for 380 ms. This induced
bleaching of fluorophores. The area was then
monitored for 160 seconds for fluorescence recovery.

Results and Discussion

Mobility of SLB. Using CLSM and FRAP, the mobility
of the SLB was observed. Figure 1 shows a series of
images.

Figure 1. Images from FRAP experiment. a) SLB with no DPPE-NBD dye as control b) SLB with DPPE-NBD dye
during FRAP experiment. Sequence of images with 1) before bleaching, 2) during bleach, 3) 10 seconds after
bleach, 4) 160 seconds after bleach.



Intensity Profiles from FRAP Experiments with SLB containing DOPC, PS, and Cholesterol
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Figure 2. Intensity Profiles from 2 replicates of the same experiment.

In Figure 1a, nothing is observed because no
dye was used. In Figure 1b (1), however, bright green
spots cover the entire area of view with the brightest
spots being dye aggregates. Figure 1b (1) is the image
taken before any bleaching. Figure 1b (2) is taken
during the photobleaching. The red circle represents the
area bleached. It can be seen that the fluorophores in the
area are almost completely bleached out but 10 seconds
later (Figure 1b (3)), dye molecules from surrounding
area have migrated in. By 160 seconds (Figure 1b (4)),
the bleached area is almost indistinguishable from the
rest of the image. This suggests that the SLB and the
dye molecules in the SLB are mobile and will diffuse
into the bleached area when a gradient occurs.

The sequence of images comprising Figure 1b
is best represented graphically. By monitoring the
fluorescence intensity in the red circle, it is possible to
obtain an intensity profile. Figure 2 shows an intensity
profile obtained from two replicates of the experiment.

The intensity profile obtained in Figure 2 can
be fitted using standard diffusion models. To fit the
above intensity profile, the diffusion model derived and
explained in a paper by Axelrod et al [11] was used. The
intensity profile was fitted in MATLAB 7 (The
MathWorks Inc, MA, USA). It was then possible to
calculate the diffusion coefficient and mobile fraction
[11]. The average diffusion coefficient was found to be

7.2+ 1.1 x 10 cm?/s. This value is consistent with the
diffusion coefficient of lipids in cell membranes which
was reported to be 8.0x10™ cm?/s in [12] and
8.2+1.2x10” cm?/s in [13], at 37°C. In addition, the
mobile fraction was 96%. Thus, it may be concluded
that the SLB was sufficiently mobile
Binding of Annexin V-Alexa Fluor 488 to the SLB. In
this work, in addition to being concerned with the
dynamics of the SLB, dynamics of the annexin V
protein conjugated to alexa fluor 488 fluorescent dye in
the SLB is also an issue. A first step in studying the
latter involves the study of binding and unbinding of the
annexin V protein. Annexin V binds to PS in the lipid
bilayer when Ca'” is sufficiently present [3-5]. Thus, a
preliminary study of binding and unbinding of annexin
V to the SLB involved adding the protein to the formed
SLB using binding and unbinding buffers, respectively.
Figure 3 shows the results obtained from binding and
unbinding scenarios.

From Figure 3a, it can be seen that the annexin
V-alexa fluor 488 has bound to the SLB because small
green fluorescent spots are observed, albeit the signal is
weak. However, in Figure 3b, no fluorescent spots are
observed. Thus, annexin V binds to the SLB only when
Ca'? are available while in the presence of a chelating
agent such as EDTA, no binding occurs, regardless of
the presence of PS.



Figure 3. Images of SLB with annexin V at 40x magnification: a) SLB and annexin V-alexa fluor 488 in binding
buffer b) SLB and annexin V-alexa fluor 488 in unbinding buffer.

Conclusions

From the results presented above, it may be concluded
that an SLB was successfully made that is
demonstrably mobile like cell membranes and annexin
V proteins bind and interact with this bilayer. In
addition, annexin V, a protein that binds to PS in the
lipid bilayer only in the presence of Ca'?, continues to
behave selectively in the model bilayer. Thus, the
system intended for study is feasible. The next step in
this work is to further study the dynamics of annexin V
in the bilayer and when the PS density is varied. This
study could elucidate the phospholipid density
dependent dynamics of certain membrane proteins,
which could provide insights into cellular processes
that occur because of membrane lipid and protein
interactions such as apoptosis.
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Mass Analyzer 9ziiluniinefiihinslinszd levsuiiduniliamadodszyila Taegduuuvesms
a s ' a a 4 a 4
Anszrazuiseaniluanriia amsiaveunsewmadnla lnsiines
. o @ Y A a A o q ¥ A
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Time of Flight Mass Spectrometer
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Mass Analyzer: Time of Flight Mass Analyzer %aauﬁwﬁﬁmﬁﬂu i’huﬁyﬂzgﬂl‘fﬂﬂﬂﬂ%ﬂmﬁﬁfJﬂ’J'W acceleration
region Watanuii leen 185 uazgailaedundsaea Jush U ludauves drift wbe Fe'looufiturauazlszqaaiuee
Sedrenuialy drift wbe 1852 iy
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E=ZeU dfo U e andndins 1199 1) (Volo)
z Ao anlszquedlooou
e fin szquesdianasou (1.6x10"° C)

wasnudnddananzgnulaou liiflundenuaalilessui il lumsndeuiilu drift tube FuiluuSim

field free region



ZeU = (1/2)mivi2 o v AvAMIE T (m/s) voailizy

L. . o . e
Aadlunnuinldlumandenn v, = [2ZeU wionanlFlumsindennly drift tube voslooou
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§ ¢
aAMzn1¥lums N1z (Condition for Measurment)

HPLC : Agilent 1100 series, Agilent Technology

Column : Zorbax RX SIL, (4.6 X150 mm.), Agilent Technology

Flow rate : 1 ml / min

o == T
Temperature : 30 C | | =
Sample inject 80 microliter - j :
Gradient Step Elution A = -
A hexane:isopropanol (3:2) . .
B hexane:Isopropanol:5 mM ammonium formate —
(56.7:37.8:5.5)
%8 120 36-50
100
80 —
60 .
o i
20 Lo
0 SIS ‘ ‘
0 20 40 60 80 Time (min)

1 v 9
o v o & ' v (a . 2
URUASLEAIANNFUNUT TN VYT U1 Ue9 Mobile phase B ﬁmw’ﬁu

Time of Flight Mass Spectrometer : MicrOTOF , Bruker Daltonic

Source Type : Negative
Ton-polarity : Negative

Scan Range : 50 — 1000 m/z

Set Pulsar Push 360 V Capillary Exit:  -100.0 V
Set Reflector 1300V Hexapole RF:  200.0 V
Set Flight Tube 9000 V Skimmer 1: 350V
Set Detector TOF 2090 V Hexapole 1: 23.0V

-
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Molecular Weight Calculator Joyaimmsialdnnnsesiiorzgniundnsizd Taeldwemiiunng Molecular Weight
for Windows 9w ME/NT/O0XP  Version 640
(Build 223) Calculator Version 6.40
by Matthew bMonroe May 25, 2006

)
Matt@alchemistidatt Com or - 1oy Iy Matthew Monroe
Alchemisthati@Yahoo com
hitp /i alchemistmatt. com/
httpziincrr pnl.govfsoftware)
http:f{come to/alchemistmatt

This program is Freewars: distribute frealy

witten using Microsoft Visual Basic vB.0 (SP5)
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File Edt Help
100.0—
80.0~
60.0
400 o ' ‘]J o d'uly o I sLs/ 1"] s g
MNAIDIWTLUAATUN LANNITATUINU LAY LFYDNNLIT
20.0-
0.0+ : : : : : : : ‘ molecular weight calculation
722.00 723.00 724.00 725.00 726.00 727.00 728.00 729.00 730.00
Mause Action Poston—_ Legend
Zomx =] | ootaien e — 1 CATHTI0NOPING
Temporary Mode =4, C,P,Z | cursor g
Zoom Out [tk Center Cursor Options
Opti
Fomua CarHzz01gP1N, phons
% Blot Resuks I dutoLabel Pecks
Flot Data Color | ]
Eome Copy ‘ Close Bl et [
Plot Type [GaussianPesks =]
Resulbs
Tsatopic Abundences for Ca7H73010PINL Effectve Resolton S0
Mass Charge  Fraction Intensity Eftective issoltion M/Z o0
35 13718 0 £453701 100 00
723049718 02704265 41 86 Baussian Qualy Factor 50
724.49718  0.0684007 1060 i
735 43718 0 0126754 133
726 49718 0.0019647 0.30 Comparisan List
72749718 0.0002543 004
720043718 0.0000313 0,00 RENBE L u
723 43718 0 000ADZ3 0 o0 Plot Type e
¥ Homalize pasted ion list
Paste it ofions topt | Cearist |
Comparison list data points: o
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1. 1,2-Dimyristoyl-sn-Glycero-3-[Phospho-rac-(1-glycerol)] (Sodium Salt) (DMPG)
2. 1,2-Dimyristoyl-sn-Glycero-3-Phosphoethanolamine (DMPE)

3. 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine (DMPC)

4. 1,2-Dimyristoyl-sn-Glycero-3-[Phospho-L-Serine] (Sodium Salt) (DMPS)

' ' k2
15110591 198 1M 35 §9%011910UTEN Avanti Polar Lipid

v So
Poyaninilu :

MTNLAAEAT 159 s 1aazAIa Tuanaiuiass (exact molecular weight)

Phospholipid Chemical formula Exact Molecular Weight
DMPG C,H,O,P 688.429 Da
DMPE C,;H,O.PN 635.453 Da
DMPC C,,H,,0,,PN 677.500 Da
DMPS C,H,O, PN 701.424 Da
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nnded11duds Tuaouae lilfenslins v lagldiaTesilo LC-MS Fadoya
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Prepare
reference & sample
phospholipids

of Phospholipids
MS

Y
1

HaziIMsIns1zH Iagseniuisae 1

JudIuveIM e suf1081N I3 AATIZH

'
a

N

Mmmaasouasvea T lallamnasgu aAnududu 1 mg/ml

a

v o s { °
Tudiazarsnas Tsvlesy, 1hu 1 ineamngii 20 ¢

Data Analysis

Junouazisudunnmanssuansvea T lallaunasgiuuazdetislunas Isvesulnianududuimmeay

1]
~

v

fmsafadieanalife 15 ml yihmsasadlsdiiazatenay A 30 ml

, Masadamiuaudlediagatenay B 30 ml

Amsauealu latlamasgiu

wiAag 20 g aaludavdne 100 LU

v

v

FMIAIMIAZ1800NINAITALAIAIDYN,

o

o a 4 I ya a
fmaaunaslswesy 1 ml, Lﬂ‘UVl’J‘VIQﬂMmJ 20 C

9

USulSmesdy 1 mi

TagldnaeTsvlosy

v

a

LWULR

o

o

AIMALAONAN A : chloroform: methanol (2:1),contained 0.01 BHT

ANaza1eNal B : chloroform: methanol (35:5),contained 0.01 BHT

BHT : butylate hydroxy toluene Wiy antioxidant

pvdf : polyvinylidene fluoride

MMInTeIaITazaIenIU

pvdf filer

v

Mmsiadnginies LC-MS

T&aninTeatieazgniirlilszunana




luauUBIN31AT 83 mobile phase

Mobile Phase A : hexane/isopropanol (3:2)
- MMIATBUAITOZAONEY hexane : isopropanol TUAATIU 3 : 2 (v/v) UTU1@5574 1000 ml

. : A o . o I 4
- himsiluTaeinT e magnetic strier , sonicate (T11a1 20 Wi e ldomanegneluasazae

Mobile Phase B : hexane/isopropanol/ammonium format (56.7:37.8:5.5)
E
- MR 8UAITAZA18 ammonium formate ANMITUTYU 5 mM Tudiazaiei
- 111 heaxane, isopropanol 148 5SmM ammonium formate mwannuludadiuainan

. : A o . o o A yy 4
- himsiluTaeinTee magnetic strier , sonicate 11181 20 Wi e ldoiMmANegneluasazae

HaNIINAABY
a 4
1. m3uasenasazateuasgiuedllalla
- naNnuutuvesea il lalaudazwila (PG, PE, PE, PS ) MM 50 ppm
o v o 4
smsazateluaritazaeaas Iswosy 1 ml

o o 1 1 a J a
: ‘VnﬂﬁaﬂﬁﬁlﬂﬂNl"’thﬂﬁ’J!ﬂﬂ%ﬂﬂilﬂﬁi 80 LLL

v o v d
Ion Chromatogram LAAIANUTUNNTTEHINA retention time LA intensity

nldvinmsdamsazaerea T lallamnasguilsunm so UL

intens
x10° Gradient Step

15
1.0

0.5 J " 3 4

0.0+,

45— 7
Time (min)
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navosunaamlaasui ldninmsmasluusazsranarniidyaiuilsing v fon chromatogram

]
=

@ Y o = 3 a
L!llﬁﬁlfﬂﬂ(ﬂinﬂqﬂﬂ1ﬂ1§maﬂﬁﬁﬂa1 1.0-1.2 %M

Intens. | -MS, 1.0-1.2min #(56-65)
x105 ]
1.25 ]
-1 —
B o
] 3
] » >
1.00 8 3
- o ~
b —
0.75 3
- ©o
] 5
0.50 © ISt
. ©
. o
E o 5 By b3
4 8 ™ 4
0.25 2 S g
N < 3 ©
N < o [
- Te)
oood . 4 i L X
500 550 600 650 700 750 800 850 900 950 m/z

]
=

o Y o = a’/’ =
Llll’ﬁﬁl,ll‘ﬂ@'liilﬂulﬂﬂ1ﬂ1§mﬂﬂﬁxu’m1 53-5.6 UM

Intens. {1 -MS, 5.3-5.6min #(291-310), subtracted peak start and end

634.4307

F-702.4158
P—730.4145

b
LIRS S S S S S S S S e B B SR S Y AL AL A S B S p |

m/z

"
™ LI s S S S S S B B S

T T T T
500 550 600 650

~
o
o
~
al
o
@
o
o
o)
a
o
©
o
o
©
al
o

=

v Y o A r?/’ =
L!llﬁﬁl,l]ﬂ?]'iMﬂb],ﬂﬂ”lﬂﬁmﬁﬂ@l\u'm”l 6.7—-7.7UM

Intenz:zl -MS, 6.7-7.7min #(371-425), subtracted peak start and end
x10°

2.0

=
o

g
o

©
o

o
o
1
= 665.4147
.

L B s s e
500 550 600



uuaralaesuin ldimsmasaanan 14.9 - 16.2 W1
Intens. -MS, 14.9-16.2min #(823-896)
x104 7
3
] 2
2 P
14 2 o o N
O:I""I""I""I'T-’"'I"'IQ'I""’Ei' 'I""I""I'L"'I
500 550 600 650 700 750 800 850 900 950 m/z
uuaralaasuin ldimsmasaanan 33.2 - 34.2 Wi
Intens. J -MS, 33.2-34.2min #(1836-1892)
x104 4
] g
P
1 3 - g
] ) 2 3 S
O_-|"''|""|""|'I"'|""'|'"'L|'L"|""|""lll"'|"'
500 80 950 1000 m/z
manuaaInIanolsey (m/z) nlsng lunuaalaasuinaiaieg
e A1 m/z Ml5ng RIIVE)
1-1.2 Lﬂﬁ 544.99, 601.9839, 644.0307, 666.0235, 734.0131,
996.0076
5.3-5.6 STRLT 634.4307, 702.4158, 730.4145 DMPE, m/z = 634.4307, [M-H]
6.7-7.7 W 665.4147 DMPG, m/z = 665.4147, [M]

14.9-16.2 W19

666.0358, 678.4512, 734.0230, 796.4232, 966.0222

DMPS, m/z = 678.4512, [M]

33.2-34.2 U1

666.0404, 722.5199, 790.5075, 818.5116, 966.0290

DMPC, m/z = 722.5199,
[M+HCOO]




M LEaImANUNvesdyaNINA1 m/z vesmsuasgiudea W ladlaiauls

Phospholipid m/z intensity
634.4307 46204
DMPE 635.4303 14035
636.4352 2848
665.4147 126823
DMPG 666.4171 40467
667.4192 7815
678.4512 19252
DMPS 679.4538 6537
680.4565 1579
722.5199 23152
DMPC 723.5247 8841
724.5277 2173




Ham /S euieua m/z 1ag intensity News 18001 1T “ Molecular Weight Calculator” tRgUAUANANTNARD

A o o Y a
Mmsdaldasa
100.0~
80.0-
m/z intensity
60.0-
| cal mea cal mea
40.0- 58
<— mMmeasure 634.4448 634.4307 | 100.00  100.00
20.0- 635.4448 635.4303 37.34 30.38
oo A 636.4448 636.4352 8.42 6.16
-6331.50 634‘1.00 634‘1.50 635‘.00 63%.50 63é.OO 63é.50 637‘.00 637‘.50 635‘3.00 638.50 63§.00
100.0~
PG : C34H66010P1
80.0+
60.0~ m/z intensity
cal mea cal mea
40.0+
665.4393 665.4147 | 100.00  100.00
2007 666.4393  666.4171 | 38.14 3191
0.0+ ‘ ‘ ‘ ‘ ‘ Aﬁ‘ ‘ : ‘ : | 667.4393 667.4192 9.13 6.16
633.50 634.00 634.50 635.00 635.50 636.00 636.50 637.00 637.50 638.00 638.50 639.00
100.0-
80.0-
60.0- m/z intensity
cal mea cal mea
40.0-
678.4346  678.4512 | 100.00  100.00
2007 679.4346  679.4538 | 38.50  33.95
0.0+ : : : : : /‘\ : : : : ‘ 680.4346  680.4565 9.27 8.20
633.50 634.00 634.50 635.00 635.50 636.00 636.50 637.00 637.50 638.00 638.50 639.00
1000
80.0- PC : C36H7,05P1N;
formate adduct (HCOO)
60.0-
m/z intensity
40.04
cal mea cal mea
2 x\ 7224972 7225199 | 100.00  100.00
PR I U A e : | 723.4972 7235247 | 41.86  38.19
T AWF22 0022 (¥ 23 00723 0724 00724 K07 25 O0F25 (V26 00F26 50727 00F27 A (F28 00
724.4973 724.5277 10.60 9.39
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Progress report on “Analysis of Dengue Viral Membrane”

Prepared by Mr. Pongsit Tangcananurak SCPC/M, ID. 5037242

Objective

To define the lipids component of the dengue virus, especially their class and fatty acid
contents.

Introduction

Dengue Hemorrhagic fever, a disease caused by dengue virus, has been a serious public
health problem in many tropical countries. The fact that there are four different serotypes and
infection is sequential has made disease control a difficult task. Therefore, obtaining complete
physical and biological information seems to be the only way to gain insight into its nature and
treatment.

In virus replication cycle, fusion process is defined as an important state. Not only is it
the first moment before virus enters the cell but also a distinct mechanism takes place. To
penetrate into the cell, it is necessary for the viral structure to change and the part responsible for
this is the virus envelope, formed with proteins and lipid molecules. Fusion mechanism was
proposed and this is related to the conformational change of enveloped protein. However,
function and composition of supported lipid are still debated and the way that it may exhibit
distinct feature have attracted our research group to study. Cause from it feasible application in
lipid analysis, high performance liquid chromatography coupled with mass spectrometry
technique (LC-MS) has been chosen to use and this is resulted from its high specific and
sensitivity yielding completed profile of this kind of molecule. The study procedure will be
divided into three steps including of virus purification, lipid extraction and LC-MS analysis.

Material
Dengue virus type 2 samples were obtained from our partner, department of
microbiology. All chemicals used were purchased from Sigma-Aldrich, Merck chemical and

Electron Microscope Science. Lipids standard were supplied from Avanti polar lipids.

Instruments and equipments

Ultracentrifugation (Beckman Coulter), Centex Shrimp, Mahidol University

High Performance Liquid Chromatography (1100 series, Agilent technologies),

Department of Chemistry, Faculty of Science, Mahidol University.

Time of Flight Mass Spectrometer (microTOF, Bruker daltonic), Department of

Chemistry, Faculty of Science, Mahidol University.

Zorbax RX-SIL column (4.6x 150 mm) including of guard column (Agilent
technologies)

Transmission Electron microscope, Ramathibodi Hospital

Methods

Virus Purification



Obtained virus sample were clarified by centrifugation at 5000 RPM, 4 C for 10 min in
order to vanish remaining cell debris, then the virus particles were pelleted (350,00xg, 4 °C for 2
hr) and loaded onto hand-layering CsCl gradient (15-40% w/w CsCl in 0.05% DEPC water, 1.5
ml for each layer). Isopycnic centrifugation was performed at 200,000xg, 4 °C for 20 hr. The
obtained virus bands were collected and performed buffer exchange (PBS buffer, pH 7.4). The
virus was stored at -80 C and some fractions were used to examine with electron microscope.

Transmission Electron Microscope

This step was done to verify the purity and existing of virus particle. 5 uL of virus
samples (sonication or freeze and thaw have been tried in order to reduce aggregation of viral
particle) were loaded onto formvar coated copper grids (300 meshes) and were incubated for 10-
40 min. The excess sample liquid (also include of unabsorbed virus) was wicked away with filter
paper and negative stained for 1 min. using 2% PTA (phosphotungtic acid) in TN buffer (pH 7.4,
also in 0.1% DEPC water has been tried) or 0.5 % uranyl acetate (in 0.1% DEPC water). The
staining reagent was wicked away with filter paper and the sample grids were allowed to dry.

Lipid Extraction

Standard  phospholipids(~1 mg/ml for each species) dissolved in 1:1
chloroform/methanol were added directly to purified virus sample for quantitative analysis and
the obtained mixture was extracted as following. Virus solution(186 pL) was extracted with 1:1
(0.IN) HCl/methanol (800 uL) by vortex for 2 min. After that equal amount of chloroform(800
puL) was added and allowed to phase separation. Organic layer was collected and dried in rotary
evaporator. The obtained dry lipids were redissolved in mixture of 1:1 mobile phase A/mobile
phase B and stored at -20 C prior to analysis by LC-MS.

LC-MS Analysis

Following the condition from the previous study of phospholipids using LC-MS (Fei Gao
et al, ref.1) gradient separation was performed using mobile phase A (hexane:isopropanol, 3:2
v/v) and B (hexane:isopropanol: SmM ammonium formate solution, 56.7:37.8:5.5 v/v/v). HPLC
was coupled with TOF mass spectrometer via ESI ion source with flow rate 1 ml/min. The lipid
sample was analyzed in negative ion mode; lipid identification was obtained from isotropic
pattern analysis with bruker data analysis software package. The amount of sample lipid was
defined by comparison with standard lipid signals.

Results and Discussion

Virus purification
Gradient purification of virus sample reveals two separated bands (figure 1); however
they are close together which require additional purification.



1%t round of CsCl gradient purification 2nd round of CsCl gradient purification
Experiment date 28-29 March 2008 31 March 2008

Figure 1; [sopycnic centrifugation for virus purification

These two bands correspond to 29% and 33% w/w of CsCl concentration, repectively from
above. Second round gradient purification has been tried by loading the previous obtained bands
onto the pre-prepared CsCl solution layer (35% and 40%, 3 ml for each layer) and adjusts the
above volume with 30% CsCl solution. For this additional step (200,000xg, 4°C, for 6 hr) we
obtained the separate 3 band (correspond to CsCl concentration at 35% for band no.1, 32.5% for
band no.2, and 30.5% for band no.l) which can be collected separately using sharp tip syringe,
although the below two bands are particularly broad (band no.2) and difficult to visualize.

Table 1. Show the results obtained from 2™ round of CsCl gradient purification.

Band Correspond to CsCl estimate density =~ Average volume
. note
no. concentration(w/w) at (g/ml) (ml)
1 35.0% 1.35 0.7 -
2 325% 1.32 1.1 -
3 30.5 % 1.29 0.9 Particles
aggregation

Note: estimated density of separated band were defined by correlation the obtained result with the previous report
of Bruner and Vinograd (ref.2) showing refractive index, concentration of CsCl and density(g/ml, computed from
refractive index) at 25°C.

sy

Figure 2; Expected virus pellet obtained from all three purified band (no.1 highest density — no.3 lowest
density), experiment date 1_April_2008




All three bands were examined with electron microscope. However, both lower two
bands (low dense band, no.1 and no.2) show nothing when examined by electron microscope.
The only one (band no. 3), expected virus band, was also characterized although EM images
were still unacceptable, figure 3, resulting from aggregation of unspecified particles and this
problem has still been solving (dilution, sonication, negative staining with uranyl acetate will be
tried).

Dilute 10 time with PBS buffer (1:10), magnificent 60,000x Dilute 10 time with PBS buffer (1:10), magnificent 60,000x
Obtained EM results date 20 may

2008

Figure 3; The virus sample were diluted with PBS buffer (1X, pH 7.4 ) at 1:10 dilution and loaded onto
300 mesh formvar coated copper grid and stain with 2 % PTA (in TN buffer, pH 7.4, adjust pH with
KOH)

Nagative staining with 0.5% uranyl acetate (in 0.1% DEPC water) has been tried and the
result is showed below, figure 4, which is the first time which we can see the expected virus
particles. This results confirmed the present of the our virus particles and allow us to perform the
next step, lipid extraction.

o " b Y :: | 1A
(8 mm on photograph = 100 nm)
Figure 4. EM image shows expected virus particle at 80,000 x magnificent (40,000 x in EM instrument
and x2 after transfer from film to photograph , total 40k x 2 = 80,000 x magnificent, 14 July 2008)




LC-MS Analysis

Differences from the previous study (ref.1), time of flight mass spectrometer have been
used instead resulting from high accurate m/z detection and availability in our department.
Electrospray ionization source (ESI) was implemented in our study, cause from its soft
ionization nature and addition of high accurate m/z detection of TOF mass analyzer make it
suitable for lipid identification (molecular weight and isotropic pattern)

The gradient was set as following diagram.

100

20

80

LC Gradient Program

o
o

mobile phase A

percentage(%)

40 —=mobhile phase B

0 10 20 30 40 50 G0 70
time (min

Some important mass spectrometer parameter

Total run time 66 min, data acquisition time 66 min + delay acquisition time 0 min (no
delay)

All MS parameter were set for negative ion mode analysis

MS intensity threshold: 5000 (minimal intensity which will be recorded)

Acquisition mass range: 50-1000 m/z

Flow rate and column temperature are set to be 0.4 ml/min and 30 °C respectively, using
this condition all lipid sample will be eluted from the column (with guard column) within 55
minute which there will be 15 minutes for column to be equilibrated prior for the next run.
Injection of sample 4 microliter and wash three time with mobile phase A
(hexane/isoprpanol,3:1) reveals the sufficient amount for our analysis, although some lipid
species exhibits low signal response. After performing 2 successive experiments the ion
chromatogram results show a few shifting in retention time, in which there is slower in sample
elution time for the 2™ round of analysis as show in figure 5-a.



Figure 5; a. Total ion chromatograms show variation in retention time of 2 successive analyses, when
blue and pink line represent 1¥ and 2™ injection respectively
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b. Base peak chromatogram, m/z range was set to 500-1000, when green and blue line
represent]® and 2™ injection respectively
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Table 2: Amount of lipid used to test LC-MS condition, see figure 5
. concentra
Lipid Class Sp?g;e;(ji?azgw' tion
(mg/ml)
PE DMPE™ 635453 | 0.412
PG DMPG ™ 665.439 | 0.472
PS DMPS *“ 678.435 0.444
PC DMPC ™ 677.500 | 0.416

Note: std: standard lipid (internal standard for quantitative analysis)
(PE)Phosphatidylethanolamine; (DMPE)1,2-Dimyristoyl-sn-Glycero-3-Phosphoethanolamine
(PG)Phosphatidylglycerol; 1,2-Dimyristoyl-sn-Glycero-3-[Phospho-rac-(1-glycerol)]
(PS)Phosphatidylserine; (DMPS) 1,2-Dimyristoyl-sn-Glycero-3-[Phospho-L-Serine]

(PC)Phosphatidylcholine; (DMPC) 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine

Extracted viral lipid sample was investigated by comparing with standard phospholipids
prepared following extraction protocol in which the viral sample was replaced by PBS buffer.
Results obtained from both of standard and extracted viral lipid reveal no difference in
total ion chromatograms profile. Average whole mass spectrum was performed (Bruker analysis
tool) to investigated the present of viral lipids, however, there still show no obvious different
between both fractions and this may result from the quality and amount of purified virus

particles in purification step.




Figure 6. Total ion chromatogram; blue line for standard phospholipids; red line for expected viral lipid.

|nten§. viral_lipid_2008_10_9_21_01_3985.d: TIC -All MS
x10°+

1,0:
0,8:
0,6:
0,4:

0.24

x105 ] Std_lipid_flow04_66_2008_10_9_21_01_3984.d: TIC -All MS

1.5
1.0

054

i SUUPE

0.0 =)

5 T T T T % T T T T > T T T T - T T T T 5 T T T T 6‘0 T 'Time'[min]

Figure 7. a. Average mass spectrum of standard phospholipids (whole retention time, 0-66 min, m/z 500-
1000)
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b. Average mass spectrum of expected viral lipid (whole retention time, 0-66 min)
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M icro Raman Enhanced by Chemically Modified Platform

For Salmonella Typhi identification
Prepared by Mr.Pongsit Tangcananurak

Objectives:

1. To construct functionalized glass surface for specific capturing of Salmonella Typhi

2. To implement micro-Raman spectroscopy as a sensing element for bacteria identification
Introduction

Thanks to advance technology in imaging and spectroscopy, today Raman spectroscopy
have been concerned to be one of ideal techniques that serve as an biological tool to investigate
into life. Although non invasive and rapid detection was its exceptional aspect however,
capability to measure in micro scale is more attractive. This provided a new way of investigation,
from ensemble property to the single system, Single cell analysis.

One of successful development of such technique in single cell research was bacteria
identification. By collected characteristic fingerprint of each bacteria cell under investigation,
bacteria identification can be performed within a few hours. It sound simple however, to reach
some level of meaningful results, there require the efficient statistical tool and independent
repeated experiment may affected by existence of other species. Concerning such difficulty, in
this work, specifically bacteria capturing surface was developed, especially for Salmonella
Typhi. Simple and low cost, glass slide was selected as substrate with will be further to be
chemically modified with biomolecule through antibody-antigen concept. Couple this with micro
Raman detection, reliable and rapid identification will be met.

Work Flow:
1. Glass surface functionalization and characterization
2. Specificity Bacteria-surface binding investigation
3. Micro-Raman investigation of Salmonella Typhi captured by the chemically modified glass

surface.

Material & Chemical
Instrument

Olympus BX51 microscope, Center of Excellence for Shrimp molecular biology and
biotechnology, Faculty of Science, Mahidol University, Bangkok, Thailand

Confocal laser scaning microscope, Olympus FV-1000 , Center of Nanoimaging, Faculty
of Science, Mahidol University, Bangkok, Thailand

Laser Micro Raman Apparatus, HORIBA T64000, Condensed Matter Physics
Laboratory, University of Maine, Le Mans, France
All chemicals were supplied from Sigma-Aldrich including of
N-(3-Dimethyaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDAC), 3-
Aminopropyltriethoxysilane, Hydroxylamine hydrochloride, N-hydroxysulfosuccinimide (Sulfo-
NHS), Bovine Serum Albumin (BSA,MW ~66,430 kD)
Rabbit polyclonal antibodies against Salmonella-O (somatic) and H (flagella) were purchased from S & A

reagents lab, Bangkok, Thailand



1. Glass surface functionalization and characterization

Slide Cleaning

The slides were cleaned by immerse overnight in detergent solution, followed by rinsing
several times with tap water. 37% HCI: methanol (1:1) solution was used to eliminate organic
residues, by immerse the pre-clean slides in this solution for 1 hr and rinse several times with DI
water, ethanol (sonication 15 min) and allowed to air dry.

Silanization

200 microliter of aminosilane was used to silanize glass slides by performing chemical
vapor deposition for 2 hr in an evacuated vessel. After that the slides were washed several times
with water, ethanol, sonicate in ethanol and allowed to air dry.



Covalently Protein Conjugation
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Chemically Surface Modification

Silanized glass slides were immobilized with protein by following the instruction from
PIERCE protein conjugation protocol in which the amount of reagents used were properly (see
table 1) adjusted for desired protein concentration. Briefly, concentrated solution of EDAC (in
MES buffer, pH 6.0) was added to protein solution to yield the final concentration having EDAC
10-20 times more than protein concentration. Concentrated sulfo-NHS solution was introduced
resulting in 2 times more than EDAC in the final concentration, mix well and left for reaction for
15 min. After that, rises the pH of reaction solution above 7 by adding basic buffer (conc PBS,
pH 7.4 or carbonate-bicarbonate buffer, pH 9.04). This resulted solution was loaded onto the
clean-dried silanized glass and left for reaction to complete for 4 hr. Rinse several times with
PBS buffer (pH 7.4) and keep in PBS (containing 15 mM sodium azide), pH 7.4 at 4 C prior to
any analysis.
Surface Characterization

Existence of protein molecules on the modified glass surface was examined by confocal
scanning fluorescence microscope. Because from natural lack of fluorescence emission, protein
molecules functionalized on the platform were visualized with fluorescence dye molecules and
this was fulfilled with reactivity against free amine group of FITC-isothioxyanate molecule that
is a dye of choice for reveal the immobilized protein. Some may argue that these molecules
should also bind to amine groups on the silanized glass; however this possibility will be tested.
According to dye-protein conjugation protocol of Sigma-Aldrich, FITC-isothioxyanate solution
(about 0.2 mg/ml, in carbonate-bicarbonate buffer, pH 9.04) was loaded directly onto the
functionalized surface and left for reaction to precede 2 hr. Several rinses with PBS buffer (pH
7.42) must be employed in order to remove the excess dye on the functionalized surface before
examination with confocal scanning fluorescence microscope.



2. Bacteria-Surface Binding Investigation
Platform

Before bacteria binding test, the platform was blocked with 2 % blocking buffer (2% BSA in PBS,
pH 7.4) for 1 hr 30 min in order to minimize unspecific biding, followed by rinsing several times with PBS
buffer. The air dry platform was used immediately or keeps at 4°C for further use.

Bacteria Culture

Log phase Salmonella Typhi bacteria were used in this study. Briefly, The bacteria were grown
on Muller Hinton solid media (containing 2% agar) and after 72 hr of incubation at 37 C, one colony of
was picked and transfer to Muller Hinton broth, liquid media. The bacteria were allowed to grow further
in this broth and 18 hr before use (bacteria binding), 2% of these bacteria were prepared in the same
media in order to obtain the bacteria in log phase grown.

Bacteria Binding and Staining
Before any bacteria binding experiment, the bacteria sample was washed and re-suspended in

PBS buffer, pH 7.4. Sample was loaded (2 uL, 10® CFU/ml) directly onto the functionalized platform and
allowed to binding for 10 min. The platform was washed by firstly draining the residue of bacteria
solution on the surface and rinsed three times with PBS buffer. Before bacteria examination with light
microscope (100x objective lens), the captured bacteria were rapidly fixed and performed negative
staining for bacteria’s type (gram negative) confirmation.

Technical Note
Negative Staining for Bacteria Type Identification

The bacteria bound slides were fixed by passing rapidly through the hot flame.

Crystal violet solution was dropped onto the specimen and left for 1 min before drain off.
Adding logal’s iodine solution, left for 1 min and drain off.

Decolorization with 95% ethanol for 15 min and rinse thoroughly with tap water.

O

Staining with safrarin-O for 30 min, rinse with tap water and allow to dryness before examination
with microscope.



3. Micro-Raman investigation of Salmonella Typhi captured by the chemically modified glass
surface

Captured bacteria on functionalized surface were investigated by mean of confocal

Raman spectroscopy technique. Micro investigation at an interested sample spots were
succeeded with 100x/0.80 objective lens (Olympus-LMPIlanFl), of microscope equipped with
automated x-y stage. According to this setup, laser diameter as low as 5 pm can be obtained
which is sufficient enough for single cell analysis. 514.13 nm Ar/Kr laser (Innova 70C,
Coherent,), 30 mW, was used as excitation source in which the scattering light was managed
through 600 line/mm grating, hole 200 um, and 100 pm slit before detection with liquid N,
cooled CCD detector, -135 K (Symphony, HORIBA). 150 seconds exposure time with 3
accumulations was implemented in single Raman spectra measurement while for Raman
mapping experiment, at an array size of 13x22 (XxY, increment 0.2 pm along X axis and 0.14
um along y axis), exposure time of 90 s with 2 accumulations was used instead, resulting in total
run time about 15 hrs.
Previous Results and Discussion
Glass surface functionalization and characterization

Bovine serum albumin (BSA) and antibody against Salmonella Typhi’s somatic domain
were selected as a model protein to test our chemistry. Both pre-purified protein solutions in
MES buffer (pH 6.0) 100 pL was used and follow chemistry as previously described.
Table 1. Show the amount of various chemical used to validate our conjugation chemistry

Amoun_t of EDC Sulfo-NHS Base Reaction time
Protein
BSA (3.59 mg/ml)
in MES, 100 uL
Anti-O . . carbonate-
(76.2 mM in MES) (92.6 M in MES) .
(3.67mg/ml) 1.06 pL* 175 uL™ bicarbonate buffer, 2 hr

in MES, 100 pL

Silanized glass
(control)

pH 9.04, 200 pL

* using this amount will result in 15 times more than protein concentration in Molar unit. ** resulting in 2 times more than
EDAC final concentration. Concentration and amount of reagents used in the reaction was optimized with respect to the BSA
concentration (MW 64 kD), which is also the highest protein concentration solution in this experiment, 3.59 mg/ml.

By examination with 10X objective lens, as predicted, the results revealed the present of
protein chemically linked to the surface by appearing as the green location in the image, b.) BSA
coated glass and c¢.) Anti-H coated glass. Contrasted to the specimens a. (only silanized glass, no
protein coating step) revealing minimal fluorescence signal, these successfully confirmed our
covalently conjugation chemistry implemented in our study. However, according to the
magnified areas of each specimen, existence of large fluorescence spots can be seen and these
may resulted from cluster of biomolecules, protein agglomeration, especially for BSA coated
glass. The dirty green around magnified area of image c) could not be identified exactly, cause
from various components in antiserum solution purchased, although desalted cleaning was
performed. Homogeneity of protein coverage was another factor to be concerned; although our



previous results revealed heterogeneous coverage, this problem will be solved in the future, for
example, by improving our silanization method, reducing coating area, or adjusting
concentration of all chemical reagents used.

Figure 1. Fluorescence image of a.) silanized slide (non protein treating), b.) BSA coated glass and c) anti-O coated

glass. Some minimal fluorescence signal showing in image a) may results from some complete conjugation reaction
between FITC-dye molecules and bare free-amine group or remaining dirty organic compound on glass surface.

Bacteria-Surface Binding Investigation

Four different kinds of platform were investigated including of silanized, BSA coated,
polyclonal antibody against flagella (anti-H), and against somatic domain (anti-O). Although in
microscope, all exhibited in increasing number of capture bacteria when the concentration is
higher, this depended on the area that we interested and cannot be comparable between them.
There are many factors to affect this appearance, such as a large area of specimen contributing to
degree of heterogeneity of the surface, efficiency to block unspecific binding of BSA or kinetic
aspect of bacteria biding. So, specificity still be not met, like as show below (figure 2.),
comparison between silanized glass, BSA coated glass and anti-O coated glass. Optimization of
this step will be study further including of bacteria biding incubation time, cross reactivity
against other bacteria species, temperature during such binding, buffer used or changing to
implement monoclonal antibody in our study.
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Figure 2. Image of captured bacteria under 100x light microscope, a) anti-O coated glass, b) BSA coated glass and
c) silanized glass, CFU stand for colony forming unit reflecting the amount of bacteria cells in the solution.



Micro-Raman investigation of Salmonella Typhi captured by the chemically modified glass

surface

Feasibility to implement Micro Raman spectroscopy for bacteria identification was
studied. Red line excitation has been tried and what we got is only large fluorescence
interference, result not shown. Green line has been used instead according its less fluorescence.
Instrument set up as described before was optimized for single bacteria measurement. Although
in this experiment, information of immobilized protein (antibody) could not be detected or for
resolved spectrum of single bacteria having not been met, vibration of C-CHj3 around 2850 —
3000 cm'arising from bacteria can be seen, reflecting hydrocarbon component in this organism.
As shown below, figure 3 and figure 4, comparing obtained spectrum between clean area (no

bacteria) and single bacteria cell, characteristic peak of this bacteria around 2900 cm™ dominated.
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Figure 3. a) Raman spectrum obtained from single bacteria measurement, three different cells were selected

randomly from those on the same anti-H coated platform. b) Raman Spectrum of clean area without any bacteria
cells.

Figure 4. Show average Raman spectrum for clean area spot and single bacteria, dominated signal around 2900 cm™
was assigned to be bacteria’s characteristic.
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This signal is only trace that represents the bacteria characteristic and according from this
result, Raman mapping was possible to be done, by collected the signal between 2850 — 3000
cm’ in an array size of 13x22 coving all single cell area. As predicted, the obtained results



showed the image that correspond to single bacteria, figure 5, 2 pm in length of this cell image

agree well with actual size of this organism.
Figure 5. Shown Raman mapping result, the red rectangular represent the area under investigation covering 7.6 ym’
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