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ADAPTER FOR A CELL HOLDER OF A SPECTROFLUOROMETER

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] The present application claims the benefit of prior under 35 U.S.C. § 119(e) to U.S.
Provisional Application No. 62/186,449, filed on June 30, 2015, and U.S. Provisional Patent
Application No. 62/079,273, filed on November 13, 2014, the contents of which are

incorporated herein by reference in their entireties.
BACKGROUND

[0002] The field of the invention relates to spectrofluorometry. In particular, the field of the
invention relates to adapters for cell holders of spectrofluorometers, wherein the adapter 1s

configured to hold and position a microcell in the cell holder.

[0003] Fluorescence spectroscopy is one of the most sensitive methods for detecting
biologically important molecules such as proteins, metabolites, and signaling molecules. In
fluorescence spectroscopy, a light photon hits a molecule in an excitation process where the
energy of the photon may be absorbed and re-emitted by the molecule through fluorescence.
Often, the wavelength of the emitted photon 1s significantly longer than the wavelength of the
excitation photon, which manifests itself as fluorescence in a different color. For example,
excitation with blue light may cause green fluorescence. This phenomenon allows for
sensitive detection of molecules capable of fluorescence emission (i.e., “fluorophores™)
because the emitted light may be readily differentiated from the background, scattered
excitation light on the basis of the wavelength of the fluorescence emission. Fluorescence
measurements are used extensively in many laboratory and clinical assays. The instruments
for fluorescence detection range from small benchtop devices specialized for specific analysis
to large versatile setups that enable detection of multiple fluorophores in samples and analysis

of the multiple fluorophores’ properties.

[0004] Fluorescence measurement typically 1s performed in solution. In a typical fluorometric

measurement, a liquid sample 1s placed in a quartz or glass cell, and the cell then 1s placed in a
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cell holder of a fluorometer. The light beam from an excitation source then 1s directed into
the quartz or glass cell through a side wall to illuminate the liquid sample 1nside the cell,
which fluoresces. Fluorescence 1s emitted approximately equally in all directions and,
generally, 1s much weaker than the excitation light, which may reflect and scatter upon
illuminating the liquid sample. Therefore, in order to acquire accurate fluorescence
measurements, 1t 1S 1mportant to separate the fluorescence signal from the reflected and

scattered light of the excitation source.

[0005] To achieve the best separation, the most common design of the high-sensitivity
spectrofluorometer involves detection of fluorescence at a 90° angle relative to the direction
of the excitation light beam. (See Figure 1). As illustrated in Figure 1A, an excitation beam 6
enters through an excitation aperture 8 in an excitation screen 9a and contacts the illuminated
area 4 of a cell 2. Fluorophores in a sample solution 16 contained in the cell 2 are excited and
emit fluorescence 14 which is detected through the observed area 10 of the cell 2 as the
fluorescence passes through the emission aperture 12 in an emission screen 9b to a detector.
As 1llustrated in Figure 1, to reduce contribution from scattered light, the excitation light or
beam 6 typically 1s “trimmed” using an excitation screen 9a having a narrow, rectangular or
linear, excitation aperture 8 which permits the excitation beam 6 to illuminate only a middle
area of the cell 4 and to prevent the excitation beam 6 from illuminating the corners of the cell
2. The same technique is used for detecting fluorescence where an emission screen 9b having
a narrow, rectangular or linear, excitation aperture 12 permits the emission beam 14 to exit the
middle of the cell 2 as an observed area 10 and enter the emission channel of a detector for
detection. As a result, the fluorescence signal 1s detected exclusively from the middle of the
sample cell, which 1s referred to as the “working volume™ (see Figure 1.B), thus avoiding
detecting any light (fluorescence or scattered) originating from the cell walls. As indicated in
Figure 1B, a “working volume” 18 of the sample solution 16 is contacted by the excitation
light 6 as it enters through an excitation aperture in the cell holder 11. Fluorescence emission
14 from the working volume can pass only through the emission aperture in the cell holder 11.
This approach to measuring fluorescence from soluble molecules 1s utilized in the majority of

highly sensitive commercial spectrofluorometers.
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[0006] Difficulties in detecting fluorescence may arise due to high optical density and sample
turbidity. For example, difficulties regarding high optical density may result when the
concentration of the fluorophore in the solution is high enough that the solution absorbs all of
the excitation light before i1t has a chance to reach the “working volume™ in the middle of the
cell, a phenomenon termed “inner filtering effect.”” The same difficulty may arise when
turbidity in the sample due to suspended particles blocks the excitation beam. To enable
observation of fluorescence 1n these situations, a conventional workaround involves
illuminating the front surface of the cell and exposing the same surface to the emission
channel. This workaround permits collection of the fluorescence signal from the portion of
solution near the inner cell wall provided that the emission signal can be distinguished from

the reflected and scattered excitation beam.

[0007] In recent years, some research has focused on the observation of fluorescence from
solution-glass interfaces in order to investigate molecular structures absorbed on the glass
surface (e.g., phospholipid bilayers). Most of these studies have been performed using
horizontal glass slides where the solution drops are placed on top of the slide and observation
are made from the bottom of the slide using fluorescence microscopes. The advantage of this
setup 1s 1n 1ts microscopic resolution of the surface details. However, the drawback to this
setup 1s 1ts poor accuracy in measurements of fluorescence intensity and, generally, 1ts lack of
spectral resolution 1n excitation and emission channels because of limitations of standard
fluorescence microscopes. While 1t 1s possible to couple a fluorescence microscope with
more sophisticated multi-wavelength excitation and emission channels, this 1s not a routine

type of a fluorescence microscope and 1s extremely expensive to build.

[0008] One commercially available solution to enable observation of molecular layers
absorbed on the inner glass surface of a sample cell using a standard horizontal-beam
spectrofluorometer involves the use of triangular cells originally designed for measurements
of samples with high optical density and/or turbidity. (See Figure 2). Such cells are offered

by the optical cell manufactures such as Starna Cells Inc. (See Figure 3).

[0009] However, all of the cells that are currently manufactured have the front surface
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oriented at a 45 degree angle to the excitation channel, which creates a strong reflection of the
excitation beam directly into the sensitive emission channel, effectively destroying signal-to-
noise ratio of the measurement. Therefore, these triangular cells are not utilized for
observation of molecular layers and are employed only in the analysis of turbid solutions

when the fluorescence signal has a relatively high intensity.

[0010] Although unconventional cells having a non-45 degree angle relative to the excitation
channel are not commercially available, such unconventional cells could be designed.
However, an additional problem in using such unconventional cells would arise from the fact
that the non-45-degree angle relative to the excitation beam would make the cells asymmetric
such that the cell may be used only with the excitation beam coming from one specific side of
the cell. This 1s problematic because many commercial spectrofluorometers have two
excitation channels that 1lluminate the cell from opposite sides, for example,
spectrofluorometers having a left channel equipped with a steady-state light source, and
having a right channel equipped with a pulsed light source for time-domain measurements.
Theretore, it would be impossible to perform steady-state and time-domain measurements on
the same molecular sample using an unconventional cell having a non-45 degree angle. In this
situation, the user would need to have two cells each made for the specific direction of the
excitation light and create two 1dentical samples in the two cells, which would complicate

research design and increase costs.

[0011] Another important requirement for optical cells in biochemical research arises from
the fact that sample quantities may be scarce for typical measurements. Therefore, there 1s a
demand for so-called “microcells” such that the volume of the sample 1s within a microliter
range (e.g., < 100 ul). In order to utilize microcells 1n spectrofluorometers having 1-cm cell
holders, adapters have been designed which center the microcell 1n the cell holder and provide
reduced-size apertures for illumination and observation of the center of the sample solution

while avoiding the cell corners (i.e., similar to 1llumination and emission screens).

[0012] Therefore, new microcell adapters for cell holders of spectrofluorometers are

desirable. The new adapters preferably should receive and hold a microcell at a variable
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position (e.g., a variable skewed position) for detecting fluorescence of a sample at the inner
surface of the microcell and permit use of the same microcell in spectrofluorometers that
utilize multiple excitation channels for 1lluminating the microcell from opposite sides (e.g.,
from a right channel and from a left channel). The new adapters preferably should be
configured for use 1n a commercially available spectrofluorometer having a 1-cm cell holder

without having to modify the spectrofluorometer.
SUMMARY

[0013] Disclosed herein are spectrofluorometric  adaptors for «cell holders 1n
spectrofluorometers and spectrofluorometric methods that enable fluorescence detection from
surfaces of a microcell 1n conventional horizontal-beam spectrofluorometers equipped with

standard cell holders and having multiple excitation channels.

[0014] The presently disclosed adapters are configured for a cell holder of a
spectrofluorometer in which the cell holder 1s substantially square or rectangular in horizontal
cross-section and the adapter includes an adapter body that fits into the cell holder. The cell

holder and adapter body have centered, vertical axes which are substantially aligned.

[0015] The adapter body includes a cavity for receiving a microcell, which is a rectangular
prism that 1s substantially square or rectangular in horizontal cross-section. The microcell has
a centered, vertical axis such that when the microcell 1s positioned 1n the cavity of the adapter
body, the vertical axis of the microcell may be offset relative to the vertical axes of the cell
holder and adapter body and/or the microcell may be rotated horizontally about its vertical
axis relative to the cell holder and adapter body. As such, the microcell may be turned about
its vertical axis and/or horizontally shifted relative to the vertical axes of the cell holder and
adapter body such that the excitation beam contacts the front wall and/or rear wall of the
microcell and 1s observed by the emission channel from an orthogonal direction. In some
embodiments, the excitation beam may contact the front wall and/or rear wall at an angle
other than 90 degrees and at a position other than the center of the front wall and/or other than

the center of the back wall of the microcell. In further embodiments, the microcell 1s placed in
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a horizontally skewed position relative to the cell holder and, generally, off-center to achieve
illumination and observation of the cell wall instead the center of the cell volume. In even
further embodiments, the axis of the microcell 1s aligned horizontally relative to the emission
beam but shifted horizontally backward such that an inner wall of an emission side of the

microcell 1s aligned in parallel with the excitation beam.

[0016] In some embodiments, the adapter body includes a substantially square or rectangular
bottom having a bottom cavity for receiving the microcell and a substantially square or
rectangular top having a top cavity for receiving the microcell. The bottom and top of the
adapter body typically are connected by at least one vertical side between the bottom and the
top that holds the bottom and top in square alignment. Preferably, the bottom and top of the
adapter body are connected by at least two vertical sides, which optionally are two adjacent
vertical sides that form a 90 degree angle, where the two vertical sides are between the bottom
and the top of the adapter body and hold the bottom and top of the adapter body i1n square or
rectangular alignment. The vertical sides of the adapter body typically include side windows
that permit entrance of excitation light or exit of emission light. Optionally, the vertical sides
include vertical slits for receiving an excitation window screen or an emission window screen
that include a variable rectangular or linear slit therethrough permitting entrance of an

excitation beam or exit of an emission signal.

[0017] In some embodiments, the bottom of the adapter body includes horizontal slits for
receiving an insert where the insert, atter being inserted, closes the bottom cavity for receiving
the microcell, where the microcell sits on the insert and the insert prevents the microcell from
passing through the bottom of the adapter body. Preterably, the adapter 1s vertically invertible
in the cell holder where the top of the adapter body includes a slit for receiving the insert,
similar to the bottom of the adapter body, such that the insert in the slit of the bottom 1s
removable and replaceable to the slit of the top to open the bottom cavity and close the top
cavity. The adapter then may be vertically inverted in the cell holder such that the top i1s
inverted to the bottom and the bottom 1s inverted to the top. As such, 1n one vertical position,

the adapter may be utilized to hold a microcell, 1lluminate the microcell from a left-hand
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excitation channel, and read the fluorescence at an emission channel. Subsequently, the
microcell may be removed from the adapter, the adapter may be inverted to the opposite
vertical position (i.e., by removing the insert at the bottom of the adapter body and replacing
the insert to the top of the adapter body and inverting the adapter), the microcell may be
replaced into the inverted adapter, the microcell may be illuminated from a right-hand
excitation channel (e.g., at the 1dentical incident angle and relative position to excitation beam
as with the left-hand excitation channel), and the fluorescence may be read from an emission

channel.

[0018] Also disclosed are methods for performing spectrofluorometric analysis. The methods
optionally may utilize the presently disclosed adapters. In one method for performing a
spectrofluorometric analysis on a sample as contemplated herein, the method includes: (a)
placing the sample 1n a microcell, (b) placing the microcell in the adapter of as disclosed
herein, (¢) placing the adapter in the cell holder of the spectrofluorometer, and (d) pertorming
the spectrofluorometric analysis. Suitable samples for this method may include fluorescent
lipid bilayers that form on an interior surtace of the microcell in which pertorming the
spectrofluorometric analysis comprises detecting fluorescence at the interior surface of the

microcell.

[0019] In another method for performing a spectrofluorometric analysis on a sample as
contemplated herein, the method comprises: (a) placing the sample in a microcell, (b) placing
the microcell in the invertible adapter as disclosed herein, (¢) placing the adapter in the cell
holder of the spectrofluorometer, (d) pertorming the spectrofluorometric analysis, (e)
removing the microcell from the adapter, (f) inverting the adapter, (g) replacing the microcell
into the adapter, and (h) performing the spectrofluorometric analysis. Suitable samples for
this method may include fluorescent lipid bilayers that form on an interior surface of the
microcell 1n which performing the spectrofluorometric analysis comprises detecting

fluorescence at the interior surface of the microcell.

[0020] In another method for performing a spectrofluorometric analysis on a sample as

contemplated herein, the method comprises: (a) placing a sample comprising lamellar vesicles



CA 02967811 2017-0b-12

WO 2016/077741 PCT/US2015/060638

in a microcell that 1s substantially square of rectangular in horizontal cross-section (i.e., not a
microcell that 1s triangular 1n horizontal cross-section) and forming supported, fluorescent
lipid bilayers on an interior surface of the microcell, (b) placing the microcell in an adapter,
(¢) placing the adapter in the cell holder of a spectrofluorometer, (d) performing the
spectrofluorometric analysis by detecting fluorescence from the supported lipid bilayers at the
interior surface of the microcell. In this method, the supported lipid bilayers may be tormed
by placing a solution or suspension comprising fluorescent lamellar vesicles in the microcell,
allowing the fluorescent lamellar vesicles to contact the interior wall of the microcell and
form supported, tluorescent lipid bilayers, flushing out the solution or suspension and excess
fluorescent lamellar vesicles that have not attached to the interior wall of the microcell with a
flushing solution that does not comprise the fluorescent lamellar vesicles, and refilling the
microcell with the flushing solution. Flushing may be performed by introducing flushing
solution 1n a manner that keeps the microcell filled with flushing solution during the entire

flushing procedure.
BRIEF DESCRIPTION OF THE FIGURES

[0021] Figure 1. Convention horizontal-beam fluorescence configuration of the prior art. A.
Illustration of fluorescence detection from a sample via excitation light and emission. B.

Exemplary 1llumination schematic.

[0022] Figure 2. Top view of a triangular cell having a 45 degree incident surface of the prior

art.

[0023] Figure 3. Triangular cells manufactured by Starna Cells, Inc. and having a 45 degree

incident surface of the prior art.

[0024] Figure 4. Illustration of one embodiment of an adaptor as contemplated herein.
Shown 1s an adapter with two horizontal sections at the top and the bottom with a square
cavity to hold a microcell (see Figure 4.A.). The microcell position with respect to the
excitation window and emission window 1n this particular embodiment 1s shown in Figure

4.B. The adaptor may have an emission side with an aperture to expose a particular portion of
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the cell to the detector (see Figure 4.C.) Variable apertures may be present in excitation
screens and/or emission screens (Figure 4.C) inserted into vertical slits 1n the top section of
the adapter and slid into the excitation window and/or emission window, respectively. The
top section and the bottom section of the adaptor may include horizontal slits across the
square cell cavity for positioning of a sliding insert (Figure 1.D.) upon which the microcell
may sit. Figure 4. E. illustrates two views of a single working prototype of the 1-cm adaptor
with the installed emission and excitation window screens, the sliding insert, and a standard

Starna 3-mm microcell.

[0025] Figure 5. Exemplary configurations regarding microcell placement and angle relative

to excitation and emission channels.
[0026] Figure 6. Embodiments of orientations of a narrow-rectangle cell in an adaptor.

[0027] Figure 7. Embodiment of the adapter to allow for adjustment of cell position and
orientation directly in the fluorometer. (A) Rotating plate assembled with a microcell. (B)
Stationary plate. Directions of the excitation beam and emission window are indicated with
the arrows on the plate. (C and D) Stationary and rotating plates assembled with different

orientation of the cell with respect to the excitation and emission beams.

[0028] Figure 8. Confocal microscopy imaging of supported lipid bilayers formed on the
interior surface of the fluorometer cell. (a) The rectangular quartz cell (3 mm path) on a
sample platform to observe the inner cell wall facing the objective. (b) Vertical cross-section
of the microcell. The microscope was focused at three different vertical coordinates to image
the slices above, at, and below the inner cell wall (positions I, II, and III). The cross section of
the cell 1s schematically shown as a black outline. The lipid bilayer location 1s indicated by the
interior line forming a square. The objective was centered at the vertical inner wall boundary
to create strong contrast between the fluorescent cell content on the left and non-fluorescent
optical material of the cell wall on the right of the image. The drawing 1s not to scale. (¢)
Images of the 3 mm cell containing supported lipid bilayer including 1% (mol) of Rhodamine-
DPPE taken with the 40x objective. The slices were 1imaged at three vertical positions (I, 11,
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and III) of the confocal plane corresponding to the relative Z-coordinate of 25 um, 0 um, and

—200 um, respectively. Thickness of the optical section was 4.3 um.

[0029] Figure 9. Detection of fluorescence from supported lipid bilayers and evaluation of
sensitivity of the method. (a) Positioning of the rectangular 3 mm microcell inside the custom-
designed cell adaptor. The excitation and emission channels are indicated by arrows, the light
paths focused by optics and trimmed by custom slits are schematically depicted by dotted and

solid lines. (b) For comparison, schematic of the microcell placement in the standard 3 mm

cell adaptor (Starna, Cat# FCA3) avoiding direct illumination of the front and rear inner cell
walls. (c) Solid line, the rhodamine emission spectrum of the supported lipid bilayer in the 3
mm microcell recorded using the custom adaptor shown in Panel a. The bilayer was deposited
utilizing 100 uM LUV containing 1% rhodamine-DPPE. Dotted line, the same sample was
placed 1n the centered position of the FCA3 adaptor (Panel b) showing bilayer fluorescence
excited by the light scattered in solution. Dashed line, a reference 5 uM LUV solution with
1% rhodamine recorded in FCA3 adaptor (Panel b).

DETAILED DESCRIPTION

[0030] The disclosed subject matter further may be described utilizing terms as defined

below.

TP ee

[0031] Unless otherwise specified or indicated by context, the terms “a”, “an”, and “‘the”

mean ‘“‘one or more.”

2% ¢¢

[0032] As used herein, “about™, “approximately,” “substantially,” and “‘significantly” will be
understood by persons of ordinary skill in the art and will vary to some extent on the context
in which they are used. If there are uses of the term which are not clear to persons of ordinary
skill 1n the art given the context in which 1t 1s used, “about” and “approximately” will mean

plus or minus <10% of the particular term and “substantially” and “significantly” will mean

plus or minus >10% of the particular term.

[0033] As used herein, the terms “include” and ““including” have the same meaning as the

10
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?

terms “‘comprise” and “‘comprising.” The terms “‘comprise” and “comprising” should be
interpreted as being “‘open” transitional terms that permit the inclusion of additional
components further to those components recited in the claims. The terms “consist”™ and
“consisting of” should be interpreted as being ““closed” transitional terms that do not permit
the inclusion of additional components other than the components recited in the claims. The
term “‘consisting essentially of” should be interpreted to be partially closed and allowing the

inclusion only of additional components that do not fundamentally alter the nature of the

claimed subject matter.

[0034] The presently disclosed adapters are configured for use in a standard horizontal-beam
spectrofluorometer with a typical cell holder (e.g., a 1-cm cell holder or another size) without
having to modify the spectrofluorometer. The adapters are specifically configured for
permitting observation of surface fluorescence in a microcell that 1s placed in the adapter. In
some embodiments, the adapter comprises or consists of an adapter body with a cavity for
receiving and holding a microcell, window screens with variable slits permitting entrance of
excitation light and/or exit of emission light, and a removable bottom slit that 1s replaceable to

the top of the adapter body such that the adapter 1s vertically invertible.

[0035] The adapter body positions a standard quartz or glass microcell at a selected angle
relative to excitation and emission windows in the adapter body and relative to the cell holder.
The adapter body may include an excitation window screen and/or an emission window
screen that include a variable rectangular or linear apertures therethrough permitting entrance
of an excitation beam or exit of an emission signal. The variable rectangular or linear aperture
limits entrance of the excitation beam to the selected surfaces of the microcell and limits
exposure of selected portions of the illuminated surfaces of the microcell to the emission
window, while minimizing scattering and reflection of the excitation light into the emission
window. The angle and position of the microcell inside the body of the adaptor as well as the
widths and positions of the rectangular or linear apertures may be adjusted to maximize
intensity of the fluorescence signal and to reduce excitation light captured by the emission

window.

11
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[0036] To enable 1llumination and observation of fluorescence at the surface of the microcell,
the microcell, generally, 1s positioned askew or off-center in the cell holder and at a variable
angle (e.g., at an angle other than 0O, 45, or 90 degrees) relative to the incident excitation beam,
relative to the exit emission beam, and relative to the cell holder. In some embodiments, the
microcell can be considered to be turned about a vertical axis relative to the incident
excitation beam, relative to the exit emission beam, and relative to the cell holder. This
configuration 1s inherently asymmetric and requires the excitation light to always enter from
one specified direction. In other words, this configuration 1s impermissive of multiple
excitation channels coming from different directions. Because standard fluorometers may
have two independent excitation channels illuminating the microcell from opposite sides (i.e.,
left-hand excitation and right-hand excitation), the presently disclosed adaptor 1s designed to
be “vertically invertible” (i.e., from top-to-bottom) with the microcell being inserted in one
vertical end of the adapter for use with a first excitation channel and the microcell being
inserted in the opposite vertical end of the adapter for use with the second excitation channel.
To allow for the invertible design, an insert placed in horizontal slits at the bottom of the
adaptor body 1s removable and may be re-positioned in horizontal slits at the top of the
adapter body (i.e., the insert may be positioned at either vertical end of the adapter body to

create a “‘top” or a “‘bottom™ at either end for holding the microcell).

[0037] Referring now to the figures, Figure 4 illustrates one embodiment of an adaptor 135 as
contemplated herein. Shown 1s an adapter 15 with two horizontal sections at the top 30a and
the bottom 30b with a square cavity 22 to hold a microcell 2 (see Figure 4.A and Figure 4.B.)
and spaced vertically apart by an excitation side S0a and an emission side 30b at a 90 degree
angle to the excitation side 50a. The adaptor 15 has an excitation side S0a with an excitation
window 38 for receiving an excitation beam 6 which will contact a portion of a cell 2 within
the adapter 15. The emission side 50b has an emission window 42 through which a emission

beam 14 can be emitted and detected.

[0038] The amount of the microcell 2 exposed to the excitation beam 6 may be varied or

adjusted by inserting an excitation screen 40a into a vertical slit 26 in the top section 30a of
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the adapter 15 (see Figure 4.A. and 4.C.) As 1illustrated in Figure 4.C., the excitation screen
40a 1s slid into the vertical slit 26 and covers a portion of the excitation window 38. The
portion of the cell exposed to the excitation beam 6 can be varied by varying the size of the
aperture 44 in the excitation screen 40a. The adapter 15 also may include a vertical slit (not
shown) 1n the top section 30a for receiving an emission screen 40b. The emission screen 40b
may be slid into the emission window 42 such that only a portion of the emission beam 14 1is

allowed to pass through the emission window 42 to the detector.

[0039] As illustrated in Figure 4.B., the microcell 2 1s held by the adapter in a position that 1s
askew, off-center, and/or turned about a vertical axis relative to the adapter 15. As such, the
adapter 15, when placed into a square cell holder will position the microcell 2 in the cell
holder at a position that 1s askew, off-center, and/or turned about a vertical axis and/or at a
variable angle (e.g., at an angle other than 0, 45, or 90 degrees) relative to the incident

excitation beam 6, relative to the exit emission beam 14, and relative to the cell holder.

[0040] As 1llustrated in Figure 4.D., the adapter 15 may be vertically reversible. As
illustrated, the top section 30a and the bottom 30b of the adaptor 15 may include horizontal
slits 60 across the square cavity 22 for inserting a sliding insert 70 in to the bottom section
upon which the microcell 2 may sit. Subsequently, the microcell 2 may be removed, the
adapter 15 may be inverted vertically, the sliding insert 70 may be replaced to the bottom
section 30b of the adapter 15, and the microcell 2 may be replaced into the square cavity 22 of
the adapter 15 where the microcell 2 sits on the sliding insert 70. Figure 4.E. illustrates two

different views of a single prototype having a microcell 2 inserted into an adapter 135.

[0041] The disclosed adapters may be configured to position a microcell at any selected
position within a cell holder. Figure 5 illustrates exemplary configurations of adapter and
positioning of the microcell relative to the excitation beam and emission beam. A. Microcell 2
turned and vertical axis off-center relative to adapter 15 (and cell holder); B. Microcell 2
turned and vertical axis off-center relative to adapter 15 (and cell holder); C. Microcell 2

horizontally aligned with emission channel 14 but shifted vertically downward with respect to
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excitation beam 6, effectively aligning the inside cell wall of the emission side of the
microcell 2 in parallel with the excitation beam; D. Microcell 2 turned and vertical axis off-

center relative to adapter 15 (and cell holder).

[0042] The disclosed adapters may be configured to receive and position a rectangular
microcell at any selected position within a cell holder. Figure 6 illustrates embodiments of
configuration of adapters for rectangular microcells and positioning of the microcells relative
to the excitation beam and emission beam. A. Microcell 2 aligned with excitation beam 6 and
emission channel 14; B. Microcell 2 horizontally aligned with emission channel 14 but shifted
horizontally backward with respect to excitation beam 6, effectively aligning the inside cell
wall of the emission side of the microcell 2 in parallel with the excitation beam; C. Microcell
2 having vertical axis aligned with adapter 15 but vertically turned counter-clockwise relative

to adapter 15; D. Microcell 2 turned and vertical axis off-center relative to adapter 185.

[0043] The adapter may be configured to rotate the microcell adjustably while the adapter
holding the microcell 1s position 1n the cell holder. As illustrated in Figure 7, the adapter
includes a rotating plate (Figure 7.A.) having an opening for inserting a microcell, and a
stationary plate (Figure 7.B.). The rotating plate may be placed into the stationary plate
(Figure 7.C.) and the stationary plate may be inserted into a cell holder. The rotating plate of
the adapter may be rotated adjustably in order to rotate the inserted microcell and vary the
rotatable orientation of the microcell with respect to the excitation beam and emission beam

(Figure 7.D.), while the adapter 1s positioned in the cell holder.

[0044] Figure 8. Confocal microscopy imaging of supported lipid bilayers formed on the
interior surface of the fluorometer cell. (a) The rectangular quartz cell (3 mm path) on a
sample platform to observe the inner cell wall facing the objective. (b) Vertical cross-section
of the microcell. The microscope was focused at three different vertical coordinates to image
the slices above, at, and below the inner cell wall (positions I, II, and III). The cross section of
the cell 1s schematically shown as a black outline. The lipid bilayer location 1s indicated by the
interior line forming a square. The objective was centered at the vertical inner wall boundary

to create strong contrast between the fluorescent cell content on the left and non-fluorescent
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optical material of the cell wall on the right of the image. The drawing 1s not to scale. (¢)
Images of the 3 mm cell containing supported lipid bilayer including 1% (mol) of Rhodamine-
DPPE taken with the 40x objective. The slices were 1imaged at three vertical positions (I, 11,
and III) of the confocal plane corresponding to the relative Z-coordinate of 25 um, 0 um, and

—200 um, respectively. Thickness of the optical section was 4.3 um.
EXAMPLES

[0045] The following examples are illustrative and are not intended to limit the scope of the

claimed subject matter.

[0046] Example 1

[0047] The presently disclosed adapter may be utilized in methods for detecting fluorescence
from molecular layers absorbed on the inner surfaces of a fluorometer microcell using a
standard horizontal beam fluorometer equipped with a standard 1-cm cell holder. The
detection of fluorescence on the inner surfaces of the microcell 1s enabled by (1) placing the
microcell at a specific position and angle with respect to the excitation and emission windows
with the aid of the disclosed adaptor inserted in the cell holder, and (2) utilizing customized
screens having variable apertures at specific positions in windows of the adapter body that
control excitation and emission paths through the adaptor and microcell to optimize the ratio
of fluorescence-to-scatter light intensity. The adapter may be used to position the fluorometer
microcell 1nside the fluorometer cell holder off-center and/or at an angle i1n order to
appropriately expose the surfaces of the microcell to the excitation and emission channels.
The desired positioning of the microcell 1s achieved by the adapter body and square or
rectangular cavity therein which may be askew or angled (i.e., turned about a vertical axis)
relative to the incident excitation beam, relative to the exit emission beam, and relative to the
cell holder. As such, when the microcell 1s placed 1n the cavity, the microcell and the surfaces
of the microcell are positioned askew or angled (i.e., turned about a vertical axis) relative to
the 1ncident excitation beam, relative to the exit emission beam, and relative to the cell holder.

Figure 4. A 1llustrates one embodiment of the adaptor showing two horizontal sections at the
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top and the bottom with a square cavity to hold the microcell. The microcell position with

respect to the excitation and emission windows in this particular embodiment 1s shown 1n

Figure 4.B.

[0048] In Figure 4.B, the excitation light illuminates the inner surface of the microcell and
causes fluorescence that 1s observed through the emission window. The width of the aperture
in the window screen and the position of the window screen in the excitation path are
adjustable to restrict illumination to specific cell surface(s). Black bars in Figure 4.B indicate
window screen portions blocking the light, and the opening between them 1s an aperture that
allows the excitation light to 1lluminate the specified portion of the cell. Likewise, the side of
the adaptor facing the emission channel (i.e. light detector) has a variable aperture to expose a
particular portion of the cell to the detector. The variable apertures may be present in window
screens (Figure 4.C) inserted into the vertical slits in the emission and excitation sides of the
adaptor as in Figure 4.A or the variable apertures may be an integral part of the vertical sides
of the adaptor body provided the variable aperture allow for illumination and/or observation

of specific cell areas.

[0049] Particular combinations of aperture widths, aperture positions, positioning of the
microcell 1inside the holder, and the angle of the microcell relative to the excitation beam may
be selected to increase intensity of the observed fluorescence signal from inner surfaces while

reducing contributions from the scattered and reflected light of the excitation beam.

[0050] The top and the bottom of the adaptor feature narrow horizontal slits across the cell
cavity for positioning of the sliding insert (Figure 4.D) upon which the microcell may sit. As
such, the sliding insert prevents the microcell from passing through the bottom of the adapter.
The insert may be placed at either end of the adaptor (i.e., the top end or the bottom end) to
enable use of the adapter in spectrofluorometers having multiple excitation channels (e.g., 1n
spectrofluorometers having right- and left-sided excitation channels). Therefore, only one
adaptor 1s required for use 1n a two-channel spectrofluorometer. Figure 4.E 1llustrates a
working prototype of the 1-cm adaptor with the installed emission and excitation window

screens, the sliding insert, and a standard Starna 3-mm microcell.
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[0051] The configuration of the adapter and the window screens may vary depending on the
geometry of the excitation beam. For example, when the excitation beam 1s a well-focused
steady-state source, the adapter may utilize a window screen having a relatively narrow
aperture on the excitation side to avoid strong reflections from the edges of the microcell. On
the other hand, when the excitation beam 1s a pulsed LED, the adapter may utilize a window
screen having a relatively wide aperture or the adapter may not utilize a window screen at all
to facilitate illumination of the cell surfaces. Some exemplary configurations are illustrated in

Figure 3.

[0052] In some embodiments, the disclosed adapters may be utilized 1in experiments that
include analyzing fluorescence from bilayer molecular structures that are immobilized on the
inner surface of a microcell. The bilayer molecular structures are immobilized on the inner
surface thus enabling analysis of interactions of different ligands with the bilayer and its
protein components in variable conditions. Multiple experiments are possible by repeatedly
exposing the same bilayer to a series of biochemical agents. The proposed adaptor 1s a low-
cost solution to advance academic research on membrane proteins 1n supported lipid bilayers,

and to facilitate development of clinical tests for membrane protein function.

[0053] References.

[0054] 1. Galush er al. (2008), “Quantitative fluorescence microscopy using support lipid
bilayer standards,” Biophy J. 95, 2512-9.

[0055] 2. Crane et al. (2007), “Fluorescence Microscopy to Study Domains in Supported
Lipid Bilayers.” In Method in Membrane Lipids, Vol. 400, pp. 481-488.

[0056] 3. Lakowicz, J.R. (2010) Principles of Fluorescence Spectroscopy. 3" edit.
Springer.

[0057] 4. U.S. Patent No. 8,115,922,
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[0058] Example 2

[0059] Another embodiment of the disclosed adaptor is designed to utilize a microcell that
has a rectangular cross-section with one narrow and another long dimension. Figure 6
demonstrates the horizontal cross-section of this embodiment of the adapter with a narrow-
rectangle cell positioned 1n different orientations i1n the adapter with respect to the excitation
beam. In Figure 6, the horizontal cross-section of the square cell adaptor 1s shown with a
black outline. The outer and inner boundaries of the microcell are shown with thick and thin
black outlines, respectively. The excitation light beam focused by optics of the excitation
channel and trimmed by adaptor slits 1s schematically shown with solid outline. Horizontal
dashed line indicates center of the excitation beam and serves as a reference for the cell

position. The portion of the cell exposed to the emission channel 1s indicated with slanted

dashed lines.

[0060] As 1llustrated in Figure 6, Position A allows the inner cell walls be illuminated at a
very sharp angle due to the fact that optics 1s adjusted to focus the beam 1n the middle of the
cell holder. The sharp angle of the incident excitation light leads to a very small amount of
scattering 1nto the emission channel thus increasing sensitivity. In addition, due to elongated
geometry of the cell, the cell corners are located outside of the area observed by the emission
channel. In this position both inner cell walls are 1lluminated to a similar degree because the
cell 1s centered with respect to the cell holder. Position B improves i1llumination of one inner
cell wall (i.e., the front cell wall as illustrated) by shifting the cell backward in the adapter to
increase efficiency of excitation of fluorophores absorbed at the front, inner cell wall.
Position C further increases intensity of light hitting the inner cell wall by rotating the cell in
the adapter where the cell 1s rotated about a center axis. Position D reduces scattering from
the left cell corner by rotating the cell in the adapter about a skewed axis (i.e., where the cell 1s

moved from the center position of the adaptor and rotated).

[0061] The disclosed narrow-rectangle microcell of this embodiment may provide advantages
over a square microcell. First, the useful surface that may be exposed to the emission channel

in a narrow-rectangle microcell 1s wider. For example, the cross-section cell of the narrow-
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rectangle microcell 1s 10 mm wide while the cross-section of the square microcell 1s only 3
mm. Also, the corners of the narrow-rectangle microcell are located farther away from the
center of the emission window, and thus are less likely to contribute to scattering. Slanted
dashed lines in Figure 6 indicate an approximately useful width for an emission window using
the narrow-rectangle microcell. Further, the inner front and back walls of the narrow-
rectangle microcell are separated by a relatively small distance (e.g., 1 mm) such that both
inner cell walls (i.e., front inner cell wall and back inner cell wall) will be exposed to the
excitation beam in most orientations of the microcell in the adapter. This effectively doubles
the amount of useful fluorescence signal emitted from the sample layers absorbed on these
inner walls, therefore increasing sensitivity of detection when the narrow-rectangle microcell

1s used.

[0062] Example 3

[0063] In some embodiments of the disclosed adapters, the position and orientation of the cell
in the adapter may be adjustable, for example, to correct for small variation in tuning of the
focusing optics of some fluorometers. Accurate illumination of the inner cell surfaces is
sensitive to such variability and may be addressed by either providing a set of adaptors with
different cell position, which the end user will be able to choose from to obtain maximum
signal, or by using a direct position-adjustment mechanism. One prototype of such a
mechanism of the adapter to allow for adjustment of cell position and orientation directly in
the fluorometer 1s shown in Figure 7, including (A) rotating plate assembled with a microcell;
(B) stationary plate, directions of the excitation beam and emission window are indicated with
the arrows on the plate; and (C and D) stationary and rotating plates assembled with different

orientation of the cell with respect to the excitation and emission beams.

[0064] The stationary plate 1s mounted on top of the fluorometer cell holder and has a square
opening aligned with the cavity of the cell holder. The stationary plate has flaps extending into

the holder cavity down from the plate surface to keep the stationary plate position fixed at all

19



CA 02967811 2017-0b-12

WO 2016/077741 PCT/US2015/060638

times. The rotating plate with a microcell 1s inserted into the opening of the stationary plate
until the cell reaches the bottom of the cell holder and the rotating plate rests on top of the
stationary plate. In this assembly the microcell 1s positioned vertically 1n the cell holder (C).
The horizontal position of the microcell and its angle relative to the excitation and emission
beams are easily adjusted by shifting the rotating plate with the microcell relatively to the
stationary plate. The optimal position (e.g., as evaluated by the maximum useful fluorescence
signal and minimum scattering) may be marked on the stationary plate, which allows this
position to be reproduced next time with necessary precision. Using the recorded angle and
position parameters, the adaptor body may be manufactured with the matching location of the
cell cavity resulting in non-adjustable optimized adaptor. Alternatively, the cell-position
adjustment may be pertormed for every particular experiment using the described mechanism

for adjusting the position of the microcell or a similar mechanism.

[0065] Example 4

[0066] Reference 1s made to the attached manuscript entitled “Fluorescence of supported
phospholipid bilayers recorded in a conventional horizontal-beam spectrofluorometer,” E.A.
Kovrigina, and E.L. Kovrigin, submitted to the Journal of Fluorescence, the contents of which

are 1incorporated herein by reference 1n its entirety.

[0067] Title

[0068] Fluorescence of supported phospholipid bilayers recorded 1n a conventional

horizontal-beam spectrofluorometer

[0069] Abstract

[0070] Supported phospholipid bilayers are a convenient model of cellular membranes in
studies of membrane biophysics and protein-lipid interactions. Traditionally, supported lipid

bilayers are formed on a flat surface of a glass slide to be observed through fluorescence
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microscopes. This paper describes a method to enable fluorescence detection from the
supported lipid bilayers using standard horizontal-beam spectrofluorometers instead of the
microscopes. In the proposed approach, we form the supported lipid bilayers on the inner
optical surfaces of the standard fluorescence microcell. To enable observation of the bilayer
absorbed on the cell wall, the microcell 1s placed in a standard fluorometer cell holder and
specifically oriented to expose the inner cell walls to both excitation and emission channels
with a help of the custom cell adaptor. In our measurements, the signal intensity from
supported bilayers doped with 1% (mol) of rhodamine-labeled lipid in the standard 3-mm
optical microcell was equivalent to fluorescence of the 70-80 nM reference solution of
rhodamine recorded 1n a commercial microcell adaptor. Because no modifications to the
instruments are required 1n this method, a variety of steady-state and time-domain
fluorescence measurements may be performed with supported phospholipid bilayers using

standard horizontal-beam spectrofluorometers.

[0071] Introduction

[0072] Supported phospholipid bilayers were long established as a model of cellular
phospholipid membranes [1]. The phospholipid bilayers attached to the glass surface (with
and without cross-linking to the glass) are physically very similar to other membrane mimics
in their biophysical properties [Z]. The main approach to recording fluorescence signals from
such supported bilayers 1s through the microscopes with the bilayer deposited on the
horizontal surface of the glass slide and covered by a layer of the aqueous buffer [3,4].
Fluorescence microscopy of supported bilayers allows analysis of spontaneous phase
separation [3,&] as well as detection of molecular events at the bilayer with a single-molecule
liposomes) 1s that 1t 1s immobilized allowing for dynamic replacement of the solution in
contact with the bilayer. Supported lipid bilayers are routinely studied in the flow-cell mode
with the microscopy setups to reveal interactions of membrane proteins with lipids and with

properties of the lipid-associated fluorophores and their changes due to ligand interactions, the
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microscopes must use multi-wavelength lasers and include detectors with spectral resolution,
which are expensive and not generally available (for the example of such setup see [11]). The
best practical approach to record fluorescence of lipid bilayers in standard spectrofluorometers
was to utilize solutions (suspensions) of liposomes or protein-liposome complexes [12-13].
Yet, liposomes are not very stable and do not allow for easy replacement of the surrounding
buffer as they are freely diffusing particles. Supported lipid bilayers represent a convenient
alternative because they are easily prepared by spontaneous fusion of lipid vesicles with the
olass surfaces [1,2] yet require use of sophisticated fluorescence microscopes for their
analysis. This paper reports a proof-of-principle experiment where a supported lipid bilayer 1s
created 1n a standard fluorometer microcell and fluorescence measurements are performed 1n a
typical horizontal-beam spectrofluorometer. We believe that this inexpensive approach may

serve a number of needs in studies membrane protein interactions with lipids and soluble

ligands.

[0073] Material and Methods

[0074] Preparation of liposomes. Lipid mixtures contained DOPC:DOPG:fluorophore in the

molar ratio of 89:10:1. Rhod-DPPE was used as a fluorescent marker of the lipid bilayer. All
lipids were obtained from Avanti Polar Lipids Inc. and used without further purification.
Large unilamellar vesicles (LUV) were prepared by extrusion through 0.2 um polycarbonate
membrane using Avanti Mini-Extruder. The total concentration of lipids during extrusion was
1 mM. The lipids were diluted to 0.1 mM for deposition of the supported lipid bilayers. Use ot
LUV versus multi-lamellar vesicles (MLV) or small unilamellar vesicles (SUV) does not
appear to be a strict requirement 1n this protocol; Brian and McConnell [1] successtully

the same purpose.

[0075] Preparation of supported lipid bilayers. Supported lipid bilayers were formed on the

inner surface of a rectangular 3-mm fluorometer microcell (Starna #3-3.45-Q-3) by
completely filling the cell with the LUV solution of 0.1 mM total lipid (a minimum

concentration allowing for the stable bilayer formation [1,5,16]). Bilayers with negatively
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keep the bilayer adhered to the walls, the cell must stay filled at all times because air-water
boundary destroys the attached bilayers [16]). Therefore, to remove the initial LUV solution,
we flushed the cell with a continuous flow of the phosphate saline bufter. To perform the
flush, the cell was positioned horizontally and the buffer was introduced towards the bottom
of the cell with the needle; the displaced solution was allowed to exit the cell and drip into the
waste container. Capillary forces were sufficient to keep cells completely filled during the
entire procedure. Relatively wide spacing between walls 1in the microcell (3 mm) made the
buffer exchange process somewhat inefficient— 50 to 100 ml of buffer at a flow rate
(approx.) 2 ml/min was required to ensure complete removal of residual LUV from the bulk
solution 1nside the microcell. Quality of the LUV removal was checked by residual

fluorescence of the bulk solution in the microcell.

[0076] Confocal fluorescence microscopy. Images of supported lipid bilayers were taken

using Nikon Perfect Focus Ti-E inverted research microscope. To support the 3 mm cell in

horizontal position 1in front of the objective, the custom cell holder was utilized.

[0077] Fluorescence spectroscopy. Photon Technologies International QuantaMaster 40

spectrofluorometer (Horiba) was used for recording emission spectra from supported lipid
bilayers. The fluorometer was equipped with a standard 1 cm sample holder, emission and

excitation monochromators, and Xenon steady-state excitation source. A custom cell adaptor

was designed to hold the standard 3 mm microcell from Starna (Cat# 3-3.45-Q-3). The
adaptor included internal slits to trim the excitation beam and to expose the illuminated cell
surface to the emission channel. Details of the adaptor design are described in the U.S.
Provisional Patent Applications No. 62/079,273 and No. 62/186,449 filed with U.S. Patent
Office on November 13, 2014 and June 30, 2015, respectively.

[0078] Results

[0079] Visualization of the supported lipid bilayers. Prior to spectroscopic investigation,

formation of supported lipid bilayers on the inner surfaces of the fluorometer cell may be

23



CA 02967811 2017-0b-12

WO 2016/077741 PCT/US2015/060638

confirmed using fluorescence microscopy. Figure 8 shows representative rhodamine
fluorescence 1mages of the inner volume of the 3-mm rectangular microcell. The sample
plattorm was adjusted such that left-hand-side of the image corresponds to interior of the
optical cell, while the right-hand-side 1s always inside the material of the vertical cell wall
(Panels a and b). To demonstrate that the fluorescent lipids are found exclusively on the inner
walls for the optical cell and not 1n the solution, we 1imaged confocal planes at three vertical
coordinates (Panels b and c). The position III 1s 200 um below the inner wall and shows no
fluorescence as the confocal plane 1s entirely localized inside the horizontal cell wall. The
position II 1s aligned with the inner surface of the horizontal cell wall and reveals bright
fluorescence (left of the cell wall junction) corresponding to rhodamine in the phospholipid
bilayer coating the inner cell surface. The uppermost position I 1s 25 um above the inner
surface of horizontal cell wall intersecting the vertical inner cell surface in the middle of the
image. Left-hand-side of the image revealed no significant fluorescence from solution inside
the cell indicating that all suspended LUV were successtully removed by flushing procedure.
The bright straight line 1n the middle originates from fluorescence of the supported lipid
bilayer formed on the vertical inner cell wall. Real thickness of the lipid bilayer cannot be
estimated from these 1images due to inherent resolution limit of optical spectroscopy of about
400 nm at this wavelength. Therefore, we relied on literature reports that the absorbed lipids

form a bilayer with the expected thickness of about 5 nm as was previously established [3,16].

Black area on the right of the image corresponds to the non-fluorescent interior of the vertical

cell wall.

[0080] Supported lipid bilayers in a horizontal-beam spectrofluorometer. For observation of

fluorescence from phospholipid bilayers we set the microcell inside the standard 1-cm cell
holder to expose the surface with the bilayer to both excitation and emission channels. Figure
9.a. shows one of the possible positions of the microcell for bilayer observation compared to
the standard centered position (Panel b). Panel ¢ gives emission spectra recorded from the
supported lipid bilayers and the diluted reference LUV solution. In this measurement, we used
560 nm excitation light with 1dentical 5-nm slits in the excitation and emission

monochromators. Illumination of the surface of the cell (Panel a) generates both the useful
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fluorescence from the surface and scattered light from the corners of the microcell; therefore,
one has to use additional adjustable slits trimming the excitation beam as well as limiting
exposure of the emission channel to cell edges. Solid line 1n Panel ¢ shows fluorescence signal
from the most optimal combination of cell position and adjustable slits. This optimal
combination 1s likely to slightly vary from one instrument to another due to differences in

tuning of the focusing optics.

[0081] To confirm that the recorded fluorescence comes from the supported bilayer rather
than from any residual LUV 1in the bulk solution, we tested the solution fluorescence from the
same sample using a standard microcell adaptor with a centered cell location (FCA3, Starna)
shown 1n Panel b. The FCA3 adaptor 1s manufactured to enable observation of fluorescence
from internal volume of the solution; 1ts narrow windows shield corners of the cell from
exposure to excitation and emission channels. In our supported bilayer preparation we flushed
the microcell with a buftfer in several stages, every time recording residual LUV fluorescence
from the bulk solution in the microcell using FCA3 adaptor. After passing about 50 ml of
buffer through the cell, we observed the rhodamine fluorescence drop to a minimum value
shown as a dash-dot-dashed line in Figure 9.c. Further flushing with another 50 ml did not
reduce 1t any more indicating that this residual fluorescence signal likely comes from the
supported bilayers on the front and back walls (facing the emission channel) excited indirectly

by the light scattered in solution.

[0082] Relative sensitivity of measurements from the supported lipid bilayer sample may be
evaluated by comparison of its fluorescence to the signal intensity of a reterence LUV solution
in a centered adaptor FCA3. The dashed black line 1in Figure 9.c 1s a spectrum of the initial
LUV solution used for preparation of supported lipid bilayers diluted to 5 uM total lipid
concentration prior to the measurement (resulting in 50 nM concentration of rhodamine).
Thus, the signal from supported lipid bilayers with 1% (mol) rhodamine in a 3-mm microcell
was equivalent to 70-80 nM of rhodamine in LUV solution (recorded with 5 nm excitation

and emission slits in the 3-mm cell).

[0083] Discussion
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[0084] Typical applications of supported lipid bilayers utilized glass slides or flow-cells
positioned horizontally to observe the bilayers from below or above in some kind of a
microscopy setup. Supported lipid bilayers formed on the inner surfaces of the fluorometer
cells may be investigated while oriented vertically because van der Waals forces holding the
bilayers in place are stronger than gravity while the optical cell ensures that the bilayer is
covered with solution at all times. In our experiments, supported lipid bilayer samples were
stable for more than a week at 4°C. Vertical orientation of lipid bilayers in our method has
another advantage over the horizontal orientation: biomolecular aggregates (or dust) sediment
to the bottom of the microcell, thus leaving the observation area. With the supported lipid
bilayers located horizontally in the microscopy setups, all aggregates settle directly onto the

bilayer under study thus potentially biasing measurement results.

[0085] Observation of fluorescence from the solution near the cell surface dates back as far as
to Sir Frederick William Herschel who described fluorescence of optically dense quinine
solutions [17]. Since then the solutions of high optical density or/and significant turbidity
were routinely studied with 1llumination of the cell surface at an angle such that the incident
light penetrates a thin layer of solution inside the cell, which fluoresces. These applications
typically utilize triangular cells with the cell surface oriented at the 45” angle to both emission
and excitation channels. This arrangement, however, 1s not suitable for fluorescence detection
from supported lipid bilayers because the weak fluorescence signal 1s swamped with the
excitation light reflected into the monochromator thus destroying the signal/noise ratio.
Lakowicz recommended smaller 20-30” angles to reduce scattered light with such triangular
cells [18]—this 1s approximately the angle we are using in Figure 9.a. However, the optical
cells that would expose the front cell surfaces to the excitation beam at these sharp angles are
not generally available. Utilizing the commercial microcell that 1s smaller than the size of the
standard 1-cm cell holder allowed us to explore multiple positions and orientations of the cell

achieving illumination of the cell surfaces at different angles.

[0086] Another requirement in biochemical applications is a small size of the sample. The

triangular 45° cells manufactured by Starna or Hellma require 1.7 ml of solutions to fill. Here
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we utilized a 3-mm Starna microcell, which nominally holds 315 puL of a sample bringing it to
the volume range of flow-cells 1n microscopy applications. By attaching a cell cap with the
needle and inlet-outlet tubing one might construct a flow cell to be able to replace solution 1n
the cell directly 1n the fluorometer (in this study, for the sake of simplicity, we were flushing

the cell outside of the instrument).

[0087] It has been demonstrated that proteoliposomes may be used to create supported lipid
bilayers incorporating membrane proteins [1,2]. In our method, by adding the ligand to the
bulk solution one may perform titration studies of receptor-ligand interactions. Subsequent
flushing out the ligand regenerates the unbound form of the membrane-associated receptor
thus allowing for multiple repeated experiments with the same bilayer sample. Many
spectrofluorometers are equipped with temperature-controlled cell holders opening an avenue
for studies of temperature-dependent thermodynamic and kinetic properties of the supported
bilayer samples. Our approach to observation of the supported bilayer fluorescence is also
agnostic to the type of the excitation light source, therefore time-domain studies are equally
possible on the same samples used for spectral recording. In summary, a combination of a
straightforward bilayer-forming technique, commercial optical cells coupled with the simple
custom adaptors, and the standard spectrofluorometer hardware allows for an inexpensive way
of recording fluorescence from supported lipid bilayers thus enabling detailed spectroscopic

studies of lipid membranes, membrane proteins, and their interactions.
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[00107] In the foregoing description, it will be readily apparent to one skilled in the art

that varying substitutions and modifications may be made to the invention disclosed herein
without departing from the scope and spirit of the invention. The invention illustratively
described herein suitably may be practiced in the absence of any element or elements,
limitation or limitations which 1s not specifically disclosed herein. The terms and expressions
which have been employed are used as terms of description and not of limitation, and there 1s
no intention that in the use of such terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but 1t 1s recognized that various
modifications are possible within the scope of the invention. Thus, 1t should be understood
that although the present invention has been 1llustrated by specific embodiments and optional
features, modification and/or variation of the concepts herein disclosed may be resorted to by
those skilled 1n the art, and that such modifications and variations are considered to be within

the scope of this invention.
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[00108] Citations to a number of patent and non-patent references are made herein.
The cited references are incorporated by reference herein in their entireties. In the event that
there 1s an 1nconsistency between a definition of a term in the specification as compared to a

definition of the term 1n a cited reference, the term should be interpreted based on the

definition 1n the specification.
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CLAIMS

I claim:

1. An adapter for a cell holder of a spectrofluorometer, the cell holder
being substantially square or rectangular in horizontal cross-section, the adapter comprising a
body that fits into the cell holder, the cell holder and adapter body having centered, vertical
axes that are substantially aligned, the adapter body comprising a cavity for receiving a
microcell, the microcell being a rectangular prism and being substantially square or
rectangular 1n horizontal cross-section, the microcell having a centered, vertical axis such that
the microcell may be positioned 1n the cavity of the adapter body such that at least one of the
following conditions are met: (1) the vertical axis of the microcell 1s offset relative to the
vertical axes of the cell holder and adapter body; (2) the microcell 1s rotated horizontally about
its vertical axis relative to the cell holder and adapter body; and (3) the axis of the microcell 1s
aligned horizontally relative to the emission beam but shifted horizontally backward such that
an 1mnner wall of an emission side of the microcell 1s aligned in parallel with the excitation

beam.

2. The adapter of claim 1, wherein the microcell 1s positioned in the cavity

of the adapter body such that both of condition (1) and condition (2) are met.

3. The adapter of claim 1 or 2, wherein the microcell 1s rotated
horizontally about 1its vertical axis relative to the cell holder and adapter body at an angle

relative to the cell holder that 1s not 45 degrees.

4. The adapter of any of the foregoing claims, wherein the adapter body
comprises a substantially square or rectangular bottom having a bottom cavity for receiving
the microcell, a substantially square or rectangular top having a top cavity for receiving the
microcell, and at least one vertical side between the bottom and the top and holding the

bottom and top 1n square or rectangular alignment.

J. The adapter of claim 4, comprising at least two vertical sides between
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the substantially square or rectangular bottom and the substantially square or rectangular top

and holding the bottom and top 1n square or rectangular alignment.

0. The adapter of claim 5, wherein the two vertical sides are adjacent and

form a 90 degree angle.

7. The adapter of any of claims 4-6, wherein the vertical side comprises a

side window permitting entrance of excitation light or exit of emission light.

3. The adapter of claim 7, wherein the vertical sides comprise vertical slits
for receiving an excitation window screen or an emission window screen, the window screens

including apertures for permitting entrance or exit of light.

9. The adapter of any of claims 4-8, wherein the bottom comprises
horizontal slits for receiving an insert, the insert closing the bottom cavity for receiving the

microcell and preventing the microcell from passing through the bottom of the adapter.

10. The adapter of claim 9, wherein the adapter 1s vertically invertible in
the cell holder, wherein the top comprises a slit for receiving the insert such that the insert in
the slit of the bottom 1s removable and replaceable to the slit of the top to open the bottom
cavity and close the top cavity, and the adapter then 1s vertically inverted in the cell holder

such that the top 1s inverted to the bottom and the bottom 1s inverted to the top.

11. The adapter of any of the foregoing claims, wherein the adapter

comprises a rotating plate into which the microcell is inserted.

12. The adapter of claim 11, wherein the adapter further comprises a
stationary plate into which the rotating plate 1s inserted, and the stationary plate 1s attached to

the body of the adapter or 1s an integral part of the adapter body.

13. A method for performing a spectrofluorometric analysis on a sample,
the method comprising: (a) placing the sample in a microcell, (b) placing the microcell 1n the

adapter of any of the foregoing claims, (¢) placing the adapter in the cell holder of the
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spectrofluorometer, and (d) performing the spectrofluorometric analysis.

14, The method of claim 13, wherein the sample comprises a fluorophore-
labelled lipid bilayer that forms on an interior surface of the microcell and performing the
spectrofluorometric analysis comprises detecting fluorescence at the interior surface of the

microcell.

13. A method for performing a spectrofluorometric analysis on a sample,
the method comprising: (a) placing the sample in a microcell, (b) placing the microcell 1n the
invertible adapter of claim 10, (¢) placing the adapter in the cell holder of the
spectrofluorometer, (d) performing the spectrofluorometric analysis, (e¢) removing the
microcell from the adapter, (f) inverting the adapter, (g) replacing the microcell into the

adapter, and (h) pertorming the spectrofluorometric analysis,

16. The method of claim 15, wherein the sample comprises a fluorophore-
labelled lipid bilayer that forms on an interior surface of the microcell and performing the
spectrofluorometric analysis comprises detecting fluorescence at the interior surface of the

microcell.

17. A method for performing a spectrofluorometric analysis on a sample
comprising supported lipid bilayers, the method comprising: (a) placing a sample comprising
fluorophore-labelled lamellar vesicles in a microcell that i1s substantially square or rectangular
in cross-section and forming supported, fluorophore-labelled lipid bilayers on an interior
surface of the microcell, and (b) detecting fluorescence from the supported fluorophore-

labelled lipid bilayers at the interior surface of the microcell.

18. The method of claim 17, wherein the supported lipid bilayers are
formed by placing a solution or suspension comprising fluorescent lamellar vesicles 1n the
microcell, allowing the fluorescent lamellar vesicles to attach to the interior wall of the
microcell and form supported, fluorescent lipid bilayers, flushing out the solution or
suspension and excess fluorescent lamellar vesicles that have not attached to the interior wall

of the microcell with a flushing solution that does not comprise the fluorescent lamellar
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vesicles in a manner that keeps the microcell filled with flushing solution during the entire

flushing procedure.

19. The method of claim 17 or 18, wherein detecting fluorescence
comprises contacting the interior surface of the microcell with an excitation beam of the
spectrofluorometer and exposing the interior surface of the microcell to the emission channel

of the spectrofluorometer.

20. The method of claim 19, wherein the microcell 1s placed in an adapter
and 1nserted into a spectrofluorometer prior to detecting fluorescence from the supported lipid
bilayers at the interior surtace of the microcell, and the adapter comprises internal slits that
trim the excitation beam of the spectrofluorometer and expose the interior surface of the

microcell to the emission channel.
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