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Recent developments in Féerster Resonance Energy Transfer (FRET) sensors have
enabled the detection of various small molecules, including ions and amino acids.
However, the innate weak signal intensity of FRET sensors is a major challenge
preventing the application of FRET sensors in various fields; this limitation necessitates
expensive, high-end fluorometers, further limiting the potential applications of this
technology. Previously we built a cost-effective, high-performance FRET analyzer
which can specifically measure the ratio of two emission wavelength bands (530 and
480 nm) for the high detection sensitivity. More recently it was discovered that FRET
sensors with bacterial periplasmic binding proteins has a critical temperature, 50-55 °C
detecting ligands with maximum sensitivity. This report describes a protocol of the
sugar content assessment including the portable FRET analyzer operation with the
preparation of temperature specific FRET sensor including commercially available
beverage samples. As results, additional preheating process of FRET sensor
significantly increases the FRET ratio signal in measuring sugar contents using the
custom made FRET device and the device with the FRET sensor was successfully
applied to quantify the sugar content in commercial beverages. We anticipate that
further size reduction and performance enhancement of the equipment will facilitate the
practical use of hand-held analyzers in environments where high-end equipment is not
available.
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commercially available beverage samples. We anticipate that further size reduction and
performance enhancement of the equipment will facilitate the practical use of hand-held analyzers
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SHORT ABSTRACT:

This protocol describes the rapid and highly sensitive quantification of Foerster resonance
energy transfer (FRET) sensor using custom made portable FRET analyzer. FRET sensors
detecting maltose were examined as examples at critical temperatures that maximize the sugar
detection sensitivity, which enables practically efficient sugar content assessment.

LONG ABSTRACT:

Recent developments in Foerster Resonance Energy Transfer (FRET) sensors have enabled the
detection of various small molecules, including ions and amino acids. However, the innate weak
signal intensity of FRET sensors is a major challenge preventing the application of FRET sensors
in various fields; this limitation necessitates expensive, high-end fluorometers, further limiting
the potential applications of this technology. Previously we built a cost-effective, high-
performance FRET analyzer which can specifically measure the ratio of two emission
wavelength bands (530 and 480 nm) for the high detection sensitivity. More recently it was
discovered that FRET sensors with bacterial periplasmic binding proteins has a critical
temperature, 50-55 °C detecting ligands with maximum sensitivity. This report describes a
protocol of the sugar content assessment including the portable FRET analyzer operation with
the preparation of temperature specific FRET sensor including commercially available beverage
samples. As results, additional preheating process of FRET sensor significantly increases the
FRET ratio signal in measuring sugar contents using the custom made FRET device and the
device with the FRET sensor was successfully applied to quantify the sugar content in
commercial beverages. We anticipate that further size reduction and performance
enhancement of the equipment will facilitate the practical use of hand-held analyzers in
environments where high-end equipment is not available.

INTRODUCTION:

Foerster resonance energy transfer (FRET) has been widely used as a biometric sensor to detect
small molecules, such as sugars, calcium ions, or amino acids'. FRET biosensors contain
fluorescent proteins, enhanced cyan fluorescent proteins (ECFPs), and enhanced yellow
fluorescent proteins (EYFPs), which are fused to both ends of periplasmic-binding proteins
(PBPs). The mechanism of FRET biosensors involves the binding of sugars to PBPs located in the
middle of the sensor; this causes structural changes to the sensor and subsequently alters the
distance and transition dipole orientation of the two fluorescent proteins at either end of the
PBPs. This change enables quantitative analysis of sugar contents by measuring the ratio of the
emission wavelengths of EYFP (530 nm) and ECFP (480 nm). Due to the high sensitivity,
specificity, real-time monitoring capacity, and fast response time of FRET biosensors, these
sensors are widely used in environmental, industrial, and medical applications®. Moreover, the
ratiometric measurement of FRET biosensors has important practical benefits when measuring
components in complex biological samples where the sensor concentration cannot be easily
controlled and background fluorescence is always present.
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Despite these advantages of FRET-based sensors for quantitative visualization, the innate weak
signal intensity originating from the small structural changes with incomplete domain motion
transfer to the fluorescent proteins limits the application of FRET-based sensors for in vitro or in
vivo analysis®. Consequently, most FRET biosensors require the use of expensive and highly
sensitive equipment. Previously, we developed an inexpensive and portable FRET analyzer with
capabilities similar to those of the existing fluorescence analyzers’. A recently developed,
inexpensive 405-nm band ultraviolet (UV) light-emitting diode (LED) was used as the light
source to replace the expensive lamp or laser for excitation of the fluorescence signal. The
detection system of the analyzer efficiently focuses the dissipating fluorescence signal onto two
photodetectors with a silicon photodiode. In a more recent study, we showed optimization of
detection temperature (50~55°C) could significantly magnify the ratiometric FRET signal®. This
temperature specific signal enhancement along with the custom made FRET analyzer enables
one to apply FRET sensors to more general diagnostic applications with rapid and high
sensitivity.

In this protocol, we evaluated the general applicability of the FRET analyzer with optimal FRET
temperature by quantifying the sugar contents of commercially available beverages. This
protocol includes the details of the FRET device operation with sensor and sample preparation.
We anticipate that this report will promote the potential application of the portable analyzer in
small-scale laboratory environments and provide an inspiration for further development of an
inexpensive on-site diagnostic device with FRET based biosensors.

PROTOCOL:
1. Preparation of biosensor, CMY-BII
1.1) Construct the plasmid pET21la(+)-CFP-MBP-YFP-His6 by following the previously

established protocol?.

1.2) Inoculate 5mL of Luria broth (LB) with a single colony of an Escherichia coli DE3 strain
and incubate at 37 °C for 16 hr with shaking.

1.3) Transfer 1mL of the overnight culture in a 500 mL flask containing 100 mL LB and
incubate at 37 °C in a shaking incubator until an optical density at a wavelength of 600nm
(ODgoo) reaches 0.5 (It will take about 3 hr).

1.4)  Harvest the cells in a 50-mL conical tube by centrifugation at 1,000 x g for 20 min at 4 °C.

1.5) Resuspend the pellet quickly in each tube with 50 mL ice-cold distilled water (DW) and
centrifuge at 1,000 x g for 20 min at 4 °C again.

1.6) Resuspend the pellet in 50 pL of ice-cold DW with 10% (v/v) glycerol by gently swirling
until the solution (electrocompetent cells) reaches an ODeoo of 100.

1.7)  Place the mixture of the electrocompetent cells (50 uL of the cells at an ODgsoo of 100)
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and the plasmid pET21a(+)-CFP-MBP-YFP-His6 (10 ng) in an ice-cold electroporation cuvette in
an electroporation device and electroporate (18 kV/cm, 25 uF) the mixture.

1.8) Quickly add 1 mL SOC medium to the cuvette and resuspend the cells gently, followed
by recovery at 37 °C for 1 hr with gentle shaking.

1.9) Spread the cells on an LB plate containing 100 umg/mL ampicillin and incubate at 37°C
for 12 hr.

1.10) Isolate a single colony using a loop and inoculate the colony in 10 mL of LB containing
100 pg/mL ampicillin at 37 °C in a shaker for 12 hr.

1.11) Add 5 mL of the seed culture to 500 mL of LB containing 100 pug/mL ampicillin.

1.12) Add 0.5 mM isopropyl B-D-thiogalactoside(IPTG) when the OD600 reaches 0.5 and
incubate the culture in a 37 °C shaking incubator for 24 hr.

1.13) Centrifuge the cells at 4,500 x g for 20 min (4°C) and gently remove supernatant:

1.14) Resuspend the pellet in 5 mL binding buffer (20 mM Tris-HCI, pH 8.0, 1 mM PMSF, 0.5
mM EDTA, and 1 mM DTT).

1.15) Sonicate the cells on ice with six 10-second bursts at 200—300 W and 10 sec of cooling.

1.16) Centrifuge the lysate at 10,000 x g for 30 min at 4 °C to pellet the cellular debris.
Transfer supernatant (soluble protein) in a new collection tube.

1.17) For affinity purification of the FRET sensor proteins, load the 4 mL of cleared cell lysate
on to Ni-NTA affinity column (5 mL volume) and chromatography assay using a fast protein
liquid chromatography (FPLC)*8.

1.18) Wash the column once with 5 column volume the wash buffer | (50 mM phosphate
buffer, 300 mM sodium chloride, 10 mM imidazole, pH 7.0).

1.19) Repeated wash step with 5 column volume the wash buffer Il (50 mM phosphate buffer,
300 mM sodium chloride, 20 mM imidazole, pH 7.0).

1.20) Elute the CMY-BIl sensor protein with 5 column volumes of elution buffer (50 mM
phosphate buffer, 300 mM sodium chloride, 500 mM imidazole, pH 7.0).

1.21) For concentration and desalting of eluted sample, fill concentrator (membrane size of

10,000 MW) with up to the 20 mL of sample, centrifuge for 10 min at 3,000 X g. Refilled 0.8%
phosphate-buffered saline (PBS) into concentrator, repeated 2 times same step.
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1.22) Recover the concentrated and de-salted CMY-BII sensor, storage of purified sensor at -
80°C.

2. Measurement of sugar content using the FRET analyzer
Note: The details of the FRET analyzer construction method were described in our previous
work’.

2.1)  Prepare a detection solution of 0.8% phosphate-buffered saline (PBS) containing 0.2 uM
CMY-BII sensor proteins.

2.2)  Turnon the FRET analyzer. Press the “UP” button for 2 sec for the calibration of optimal
temperature. Set the temperature to 53 °C using the “UP” and “DOWN” buttons, and press the
“SET” button.

2.3)  For calibration, press and hold the “UP” and “DOWN” buttons simultaneously for 2 sec.
Confirm that the LED panel displays “CALIB” and press the “SET” button.

2.4) Place a 12.5 x 12.5 x 45 mm rectangular parallelepiped vessel (cuvette) containing only
PBS buffer into a cuvette holder of the analyzer and press the “SET” button.

2.5) Replace with a cuvette containing only the detection solution (see 2.1) without sugar
(maltose/sucrose) and press the “SET” button for baseline calibration.

2.6) Replace with a cuvette containing detection solution with 10 mM sugar and press the
“SET” button.

2.7) For determination of sugar contents from beverage sample, put 1 mL beverage sample
in a 1.5 mL micro centrifuge tube and centrifuge at 16,000 x g for 1 min to remove.

Note: FRET sensor based fluorescence measurement has an advantage that it does not require
a special pre-treatment to the sample since only 1% (v/v) of the sample is included to the total
volume. However, it is preferred to remove any material that may affect the fluorescence
measurement (e.g cells, insoluble particles, lipid, fat, any material with auto fluorescence). In
addition, such a high concentration of strong acid, strong base, the cleaning agent (detergent),
emulsifying agent (emulsifier) which may affect the properties of the FRET biological sensor
made of a protein is preferably measured after removal using an organic solvent or a
neutralizer. For example, with frozen snacks subjected to elimination of dairy fat and
emulsifiers, the samples are centrifuged in a microfuge tube at a speed of 15,000 rpm for 30
min, and the liquid between the bottom sediment and the top layer of dairy fat should be
extracted. An equal amount of hexane is then added, followed by centrifugation at 15,000 rpm
for 30 min for lipid elimination.

2.8) Take the supernatant with a 1 mL syringe and filtered it through a syringe filter (pore
size 0.2 um).
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2.9) Put 0.1 mL filtered beverage sample in a 1.5 mL micro centrifuge tube containing 0.9 mL
PBS and vortex gently.

Note: It is critical to dilute the beverage sample properly. In this case, 1000 fold dilution was
carried out so that the sugar concentration falls within the dynamic rage of the device. It is
suggested to estimate the target sugar concentration in advance by referring the sugar
contents labeled on the beverage products.

2.10) Add 5 plL of the diluted beverage sample (1%, v/v) into to a cuvette containing 0.495 mL
of the detection solution.

2.11) Place the cuvette into a cuvette holder of the FRET analyzer and preheat the sample
solution to 53 °C.

2.12) Press the “SET” button to measure sugar contents.

Note: It is possible to evaluate the FRET measurement with a multilabel plate reader or a
fluorescence spectrophotometer equipped with a Peltier device for temperature control by
reading the ratio at 488/535 nm’2. In the case of sucrose detection, one can follow the steps
from 1.1 to 2.14 with CSY-LH sensor?.

REPRESENTATIVE RESULTS:

For the quantitative analysis of sugar content using the FRET analyzer, it is necessary to build a
fitted curve estimating the target sugar concentration from the observed FRET ratio. Let r
define the ratio of the emission intensity of ECFP at 480 nm and the emission intensity of EYFP
generated at 530 nm in Equation 1.

r= Is30nm (1)

lagonm

The dose-response curve of the FRET biosensor (CMY-BII at 53 °C) can be built by observing the
FRET ratio, r, at different sugar concentrations. The curve can then be expressed as an S-shaped
sigmoidal curve as follows:

Tmax—"mi
1+10P(T;10‘?9x10x:)n—l::7g10x) (2)

where rmax and rmin represent the signal ratio with sugar concentrations of 0 and saturated
(1000 pM), respectively; xo represents the sugar concentration at 50% response; and p
represents the slope of the response, which is close to 1 or -1. In this study, rmax, rmin, X0, and p
are 2.672, 4.256, 71.779, and 1, respectively. The concentration range from 1 to 1000 uM was

used in the model fitting.

T = Tmin +

Based on Equation 1 and 2, the sugar contents in commercially available beverages were
qguantified using the FRET analyzer. Two maltose FRET sensors were examined to test their
signal, r, depending on various temperatures?®. The first one, CMY-0, is a basic FRET based
sensor consisting of CFP, MBP, and YFP with no linker peptides while the second one, CMY-BII,
has a Ser-Arg linker between MBP and the two fluorescence proteins?. As Figure 1A shows
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CMY-0 is not available in less than 50 °C of measurement temperature as there is no signal
difference between 0 and 1mM maltose conditions. The signal differences of both FRET sensors
were maximized between 50 and 55 °C (Figure 1)%. For the quantification of the sugar contents
in the three types of commercially available beverages, a dose response curve of the CMY-BII
sensor in 53 °C was built (Figure 2A) and maltose contents were identified in the three samples
by converting the FRET ratio into maltose concentration. In Figure 2A, since sample A is made of
grains such as rice and barley which are one of main maltose sources, it is reasonable the
sample contained relatively high maltose content (average 11.892 g/235 mL). On the other
hand, sports drink (sample C) had the lowest maltose (0.29 g/250 mL) among the three
beverages. These results suggest that FRET analyzer with optimal temperature control can be
used by maximizing the efficiency of sugar contents quantification without expensive high-end
FRET detection devices.

FIGURE LEGENDS:

Figure 1: Measuring FRET signal difference between 0 and 1mM maltose concentrations using
the FRET analyzer in various temperatures. (A) YMC-0 sensor showed no signal difference
based on maltose concentration in less than 50 °C (B) YMC-BII sensor was available in a wide
range of temperature as the FRET signal in 1mL maltose was distinguished from that of 0
maltose concentration. In both cases, the signal difference dramatically increases in a specific
temperature range (50~ 55 °C).

Figure 2: Maltose content quantification in commercially available three beverages. (A) A
dose response curve of YMC-BII. (B) Three beverage samples were examined to their quantify
maltose contents. Note that Total sugar indicates the quantity of the all sugar contents
(including maltose) by the beverage providers. The error bar indicates the standard deviation.

DISCUSSION:

This protocol shows the rapid and efficient quantification of the sugar contents in beverage
samples using a custom made FRET analyzer’ with optimal FRET sensor temperature control.
The analyzer was designed with a recently developed, inexpensive 405-nm band UV-LED as the
light source and two photodetectors with a silicon photodiode; this device is cost effective in
comparison with other expensive fluorometers. For the high detection sensitivity, the device
specifically measures the ratio of two emission wavelength bands (530 and 480 nm) in an
optimal temperature of FRET sensors and showed better sensitivity and intensity than a
fluorescence spectrophotometer device in detecting various sugars’. The main goal of this
protocol is to support the wide applicability of the FRET based sensors with the custom made
FRET analyzer. While the analyzer indirectly measures sugar contents via FRET sensors, it is
clear that the device incorporates a number of benefits of FRET sensors, including widely
extendable genetically engineered ligand specificity, modular design, sensor concentration-
independent signals, and accurate targeting of subcellular small molecules. FRET sensors are
actually used to detect a wide range of small molecules, including ions®, heme?®, and others.
Moreover, more than 20 types of FRET constructs can be easily found and ordered through the
nonprofit depository, AddGene'.

Page 7 of 10



Despite the wide applicability of the FRET analyzer, there are two main issues with the
operation of the device. First, since operation of the device is rather simple, sample
preprocessing is the critical step for quality of detection, except in cases of device
malfunctioning. In this protocol, one step (sample dilution) was sufficient for processing of
liquid samples that were clearly transparent without any insoluble particles. However, it is
necessary to remove any insoluble materials, such as cellular or lipid components. Any auto-
fluorescent particles that can affect the FRET signal should be also removed as noted in Step 2.7.
Secondly, quality control and connectivity interfacing with hospital information systems (HISs)
need to be addressed, as with all types of Point-of-care testing (POCT) tools'2. Because the
signal quality of the FRET analyzer is largely dependent on the quality of the FRET sensor and
the preprocessing steps, regular quality control checks are required to ensure that
measurement are within the standard signal range for regular quality control data analysis. The
quality control analysis includes the investigation of FRET sensor stability and storage period
which are essential for further reliable applications. These can be partly achieved by well-
documented guidelines and appropriate software development, which can also address the
connectivity limitation. Current versions of the FRET analyzer equipped RS232 connectivity for
remote command line control but wireless communication are possible in the next version of
the analyzer, which should have an improved interface for the HIS. On the other hand, FRET
sensors have been engineered for substrate specificity but it normally resulted in broaden the
specificity?. Consequently, the FRET signal can be interfered by the unintended ingredients
including other types of sugars in the commercial beverages. It is required further to investigate
FRET sensors responding to various cases of sugar mixtures for the accurate sugar
guantification. Also collaboration with companies that produce the beverages will be helpful to
confirm and to adjust the calibration of the FRET analyzer.

The proposed portable FRET device with various FRET sensors is anticipated to be used to POCT
applications. POCT is currently used for assessing pregnancy, blood glucose levels, biomarker
proteins, infectious bacteria, and infectious viruses. POCT methods have rapid turn-around
times and generally exhibit low error rates due to the reduced number of processing steps. In
terms of turn-around time and errors caused by multiple processing steps, POCT is more
competitive than the central laboratory testing (CLT) approach. Hand-held portable devices for
POCT, such as the device described herein, have attracted increasing attention due to its
potential applications in food assessment and blood sugar monitoring. In particular, glucose
monitoring of blood samples in patients with diabetes requires a rapid, accurate, and cost-
effective POCT method®3. After the Ames research team developed a blood glucose detecting
strip method, which contains glucose oxidase, as the first blood glucose test strip in 1965,
several technologies were proposed for blood glucose monitoring purposest?. The FRET
analyzer is also available to detect glucose in blood samples with appropriate preprocessing of
blood and periplasmic glucose binding protein (MglB)'# based FRET protein.

Importantly, simple, rapid methods for food quality assessment, particularly measurement of
components of beverages, are needed; indeed, sugar-containing beverage consumption is
associated with a variety of diseases and syndromes, such as increased body mass index in
childhood?®, pediatric obesity!®, and risk of stroke!’, necessitating measurement of sugar
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components in beverages. In this sense, glucose and fructose concentration in beverages could
be a kin interest of people for the reason of healthcare.

Despite this protocol focus on the simple and high sensitive performance of the FRET analyzer
with optimal temperature control, it is clear that the device with various FRET sensors detecting
various small molecules including glucose and fructose!# >, In terms of POCT, our portable and
rechargeable device is beneficial. The battery life ranges from 10 to 40 hr depending on the
heating protocol. The simple operational protocol of the analyzer will make the device easy to
use, without complicated staff training requirements, as shown in the protocol session.

With technical improvements, including reduction of equipment size, minimization of
pretreatment steps, and identification of practical requirements for field use, this device will
promote FRET-based research development in small-scale laboratory environments.
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Excel Spreadsheet- Table of Materials/Equipment

Name of Reagent/ Equipment

LB

isopropyl B-D-thiogalactoside (IPTG)

Ampicillin
Tri-HCI
PMSF
EDTA

DTT

NaCl

phosphate-buffered saline (PBS)

SOC

Resource Q
HisTrap HP1
Quartz cuvette
AKAKTAFPLC
Cary Eclipse
VICTOR

E. coli IM109 (DE3)
A (Beverage)

B (Beverage)

C (Beverage)

Company

BD

Sigma
Sigma
Bioneer
Sigma
Bioneer
Sigma
Junsei
Gibco

Amersham Biosciences
Amersham Biosciences
Sigma

Amersham Biosciences
Varianinc

PerkinElmer

Promega

Korea Yakult Co. (Korea)
Lotte Foods (Korea)
Lotte Foods (Korea)

Click here to download Excel Spreadsheet- Table of Materials/Equipment fret-

JOVE_Materials-rev3.xls

Catalog Number

#244620

16758
A9518
C-9006-1
78830
C-9007
D0632
19015-0350
70011-044

17-1177-01
29-0510-21
2802875
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Comments/Description

0.8% NacCl, 0.02% KCl, 0.0144% Na,HPO,, 0.024% KH,0P, pH 7.4

2% tryptone, 0.5% Yeast extract, 10 mM NaCl, 2.5 mM KCI, 10 mM MGCI2, 20 mM Glucose
6 x 30 mm anion-exchange chromatography column

a fast protein liquid chromatography (FPLC)
a fluorescence spectrophotometer

a multilabel plate reader

Electrocompetent cells

Fermented drinks

Soft drink

Sports drink
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ARTICLE AND VIDEO LICENSE AGREEMENT

Sugar content assessment using a portable FRET analyzer: a prototype of

Title of Article:

Author(s):

a widely applicable point-of-care testing tool

Haseong Kim, Gui Hwan Han, Jongsik Gam, and Seung-Goo Lee

ltem 1 (check one box): The Author elects to have the Materials be made available {as described at

http://www jove.com/publish ) via: v

Item 2 (check one box):

Standard Access

| Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “"Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author whe is a
signatory to this Agreement; “Collective Work” means a work,
such as a periedical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-Ne  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://ereativecommeons.org/licenses/by-nec-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Jfournal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s} made
by the Author, alone or in conjunction with any other parties,
or by loVE or its affiliates or agents, individually or in
collaberation with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the loVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and te the Article and the
Video.

3. Grant of Rights in Article. In consideration of loVE agreeing
to publish the Article, the Author hereby grants to loVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto} license (a} to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form} throughout the world, (b} to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works {including,
without limitation, the Video} or Collective Works based on all
or any pertion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such meodifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Kem 1 above, loVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4, Retention of Rights in_ Article. Notwithstanding the
exclusive license granted to JloVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpeose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s perscnal website, in each
case provided that a link to the Article on the loVE website is
provided and notice of loVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consicderation of JoVE agreeing to preduce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
loVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Auther hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. |n consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto} license (a} to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form} throughout the world, (b} to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a} above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c} to license others to do any or all of
the above. The foregeing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, loVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. |If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to loVE the
maximum rights permissible within such statute.

8. likeness, Privacy, Personality. The Author hereby grants
loVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, hiography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating te the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Auther represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Authoer (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively} and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the auther(s} listed at the top of
this Agreement are the only authors of the Materials. If more
than one auther is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with loVE relating to the Materials,
the Author represents and warrants that the Author has heen
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all er any
pertion of the Materials does not and will not vielate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable te the Materials, and that all research
involving human and animal subjects has been approved hy
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
loVE in preducing the Video in the Author’s facility, the Author
shall ensure that the presence of loVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. loVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to loVE. loVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Autheor or of the
Author's institution as necessary to make the Video, whether
actually published or not. loVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
held harmless JoVE from and against any and all claims, costs,
and expenses, including atterney’'s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratery, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to loVE, making of videos by loVE, or publication in
JaVE or elsewhere by loVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or hy contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney's fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of loVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of inveice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law, This Agreement may be
assigned by loVE and shall inure to the benefits of any of
loVE's successors and assignees. This Agreement shall he
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

Asigned copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Seung-Goo Lee

Sugar content assessment using a portable FRET analyzer: a prototype of

2015, 09, 19

Name:
'Synthetic Biology & Bioengineering Research Center
Department; T DOCBY R TIOERBMERTNG TEEATER AT
- Korea Research Institute of Bioscience and Biotechnology
Institution:
Article Title: a widely applicable point-of-care testing tool
0157
Signature:

Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the loVE submission site;

2) Fax the documentto +1.866.381.2236;

3} Mail the document to loVE / Attn: loVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For guestions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments Click here to download Rebuttal Comments Reviewer
comments-rev3.docx

Dear Prof. Lee,

Your manuscript JoVE54144R2 "Sugar content assessment using a portable FRET analyzer: a
prototype of a widely applicable point-of-care testing tool" has been peer-reviewed and the
following comments need to be addressed.

Please keep JoVE's formatting requirements and the editorial comments from previous
revisions in mind as you revise the manuscript to address peer review comments. Please
maintain these overall manuscript changes, e.g., if formatting or other changes were made,
commercial language was removed, etc.

Please track the changes in your word processor (e.g., Microsoft Word) or change the text
color to identify all of the manuscript edits. When you have revised your submission, please
also upload a separate document listing all of changes that address each of the editorial and
peer review comments individually with the revised manuscript. Please provide either (1) a
description of how the comment was addressed within the manuscript or (2) a rebuttal
describing why the comment was not addressed if you feel it was incorrect or out of the
scope of this work for publication in JoVE.

Your revision is due by Dec 16, 2015. Please note that due to the high volume of JoVE
submissions, failure to meet this deadline will result in publication delays.

To submit a revision, go to the JoVE Submission Site and log in as an author. You will find
your submission under the heading 'Submission Needing Revision'.

Sincerely,

Jaydev Upponi, Ph.D.

Science Editor

JoVE

1 Alewife Center, Suite 200, Cambridge, MA 02140

tel: 617-674-1888

I+


http://www.editorialmanager.com/jove/download.aspx?id=463648&guid=efb008d6-b8ea-4e0e-9cf2-7710ec4a46f5&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=463648&guid=efb008d6-b8ea-4e0e-9cf2-7710ec4a46f5&scheme=1

Editorial comments:

NOTE: Please download this version of the Microsoft word document (File name:
54144 R2_101315) for any subsequent changes.

*Please keep the editorial comments from your previous revisions in mind as you revise your
manuscript to address peer review comments. For instance, if formatting or other changes
were made, commercial language was removed, etc.,, please maintain these overall
manuscript changes.

NOTE: Please include a line-by-line response letter to the editorial and reviewer comments
along with the resubmission.



eFormatting:
-Please define all abbreviations at their first use in the manuscript (IPTG).

[Step 1.12] Done

-Please include DOI information for references, if available.

eGrammar:
-1.3- “incubate at 37 °C shaker”

[Step 1.3] Done

-1.6-Please clarify the language. What constitutes the source here? The resuspension? Only
the glycerol?

[Step 1.6] Revised the sentence

-1.17- “perform chromatography assay using a fast protein liquid chromatography”

[Step 1.17 — 1.22] Revised and updated the steps 1.17 ~ 1.22

eAdditional detail is required:

-The protocol relies on the use of a custom made FRET analyzer; however, no step-wise
details are provided regarding how to construct the analyzer. In reference 7, is there
sufficient detail for viewers to build the device? If so, include a note at the beginning of

Section 2 stating: Note: The FRET analyzer was constructed using the method described in...”.
If not, we suggest including an additional section detailing the construction of the device.

At the end of Introduction section, a note was added for clarifying the aim of this protocol
which is to promote the use of the portable FRET analyzer with FRET based sensors in lab-
scale experiments.

-2.4-In what is the cuvette placed? The analyzer? Please clarify.

[Step 2.4] Changed the sentence

-2.5-What constitutes the “detection solution”? Please clarify.



[Step 2.5] The constitutes of the detection solution was described in Step 2.1. We added an
indicator “(See 2.1)” in the sentence.

-2.7-ls any criteria used to choose the commercial beverage samples?

[Step 2.7] There was no specific criterion for the beverage selection. The types of beverages
were indicated in the Materials/Equipment list.

-In the Materials/Equipment list, for beverages E-l, please indicate what general type of
beverages these are (e.g., soda/soft drink, juice, water).

Done

eUnnecessary branding and commercial language should be removed:
-1.17-Resource Q

[Step 1.17] Removed

-Discussion-Cary Eclipse (?)

[Line 286] Changed the word (Cary Eclipse = Fluorescence Spectrophotometer)

-Please remove the commercial language from the last sentence of the Discussion: “...this
device...will promote commercialization in the POCT market.”

Removed

eResults: In the Figure 2 legend, please define the error bars (e.g., SD or SEM).

[Figure 2 Legend] Done

eDiscussion: Please expand on the future directions of this method.

[Line 350] There is a description about the further extension of our research

If your figures and tables are original and not published previously, please ignore this
comment. For figures and tables that have been published before, please include phrases
such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please



send a copy of the re-print permission for JoVE’s record keeping purposes.

We updated the results and figures which were not used in any of previous publications

* JoVE reference format requires that DOIs are included, when available, for all references
listed in the article. This is helpful for readers to locate the included references and obtain
more information. Please note that often DOIs are not listed with PubMed abstracts and as
such, may not be properly included when citing directly from PubMed. In these cases, please
manually include DOlIs in reference information.

NOTE: Please copyedit the entire manuscript for any grammatical errors you may find. This
editing should be performed by a native English speaker (or professional copyediting
services) and is essential for clarity of the protocol. Please thoroughly review the language
and grammar of your article text prior to resubmission. Your JoVE editor will not copy-edit
your manuscript and any errors in your submitted revision may be present in the published
version.



Reviewers' comments:

Reviewer #1:

Manuscript Summary:
too little attention to accuracy, precision, error bars. Explain error bars shown in figure 2.

Updated the whole results and figures including error bars
Major Concerns: N/A

Minor Concerns:

"Silicon photodiode" is misspelled twice (silicone is not silicon)

[Line 89, 282] Corrected

Additional Comments to Authors: N/A



Reviewer #2:
Manuscript Summary:

The authors describe a method to measure the concentration of sugar using periplasmic-
binding proteins (PBP) that provide a FRET signal when a conformational change due to the
binding of sugars alters the distance of an enhanced cyan fluorescent protein (ECFP) from an
enhanced yellow fluorescent protein (EYFP) attached to the PBP. This structural change
results in a low intensity signal and in order to address this problem, the authors use the
ratio of the emissions of both fluorescent proteins (ECFP and EYFP). The protocol includes
the steps to the preparation of the biosensor and the steps to measure the sugar content
using the FRET analyzer.

Major Concerns:

None.

Minor Concerns:

*Given that the measurement of the fluorescence ratio is an important part of the method
and it is key to improve the obtained signal, | think it would be convenient to include a
mention to the fluorescent ratios in the (long) abstract.

[Line 50] Updated the sentence

*Line 114. Seeing the following steps in the protocol, it seems that it is more important to
allow optical density to arrive to 0,5 at 600 nm than to let the culture incubate for 3 hr.
Therefore, | think that it might be clearer if it was worded saying " [...] incubate at 372C until
an optical density at a wavelength of 600 nm (OD600) reaches 0,5 (it will take about 3 hr)."

[Step 1.3] Done

*Step 1.6.) The important point in this step seems to be to have an OD600 of 100. However, |
can imagine a situation when some experimenter resuspended the pellet and it didn't yield
this optical density initially. So, | think it would help if the authors stated in the text whether
it would be valid to "[r]esuspend the pellet in ice-cold 10% (v/v) glycerol, which is a source of
electrocompetent cells, and take the solution to an OD600 of 100)". l.e. to adjust the final
0D600 to the desired concentration regardless of what the initial concentration is.

[Step 1.6] Revised the sentence



*Step 2.2.) | would appreciate if the authors stated explicitly the rationale behind using 552C
for the FRET measurement and if they discussed how this may affect the binding of the
analyte to the sensor.

[Step 2.2] There had been a major update throughout the manuscript. We mainly added
descriptions about the temperature control which is exactly the same issue pointed out in

this comment. Note that the optimal temperature was changed to 53 °C. Please see the
updates highlighted in red.

*Line 201 refers to values Al and A2, but | suspect they mean rmax and rmin. In any case, Al
and A2 have not been defined earlier. So, this point should be clarified. In addition, we can
imagine that x refers to the sugar concentration in the sample, but this should aslo be
defined.

[Line 237, 243] Corrected the sentence. rmax and rmin Wwere defined in line 243 and Figure 1B
showed the measured values (0 and 1mM maltose concentrations) with the CMY-BIl sensor

at 53°C.

*Line 217 refers to a "simplified model", but this is the first mention to two models one that
would be more "elaborate" or "complex model" and a "simplified" one. | would appreciate if
the authors stated what they mean when they refer to the "simplified model" or to indicate
which other (more complex) model they are comparing it with. If they mean that the one
model that they use is a simplified version of what could more accurately account for the
physicochemical processes happening in the system, the authors should state it.

[Page 7, Line 278, Figure 2 Legend] Updated the figures including the figure legends

*The authors state that ratiometric FRET measurements have advantages when the sensor
concentration is not easy to control. However, beyond concentration, | think it would be
good to comment on whether their method depends at any rate on the possible degradation
of the sensor. In addition, | would appreciate if the authors mentioned how long the
detection solution can be stored to be used in their method and whether measurements are
affected by using a non-fresh detection solution.

[Line 307] We have not yet performed the analysis handling the FRET sensor degradation
and storage issues. But we agreed that these issues are essential for the further reliable and
stable applications of the FRET sensors and the device. A brief description was added in the
Discussion section along with the quality control issue. Thank you for this comment.

*Figure 2 is missing units in the Y axis.



Figures were updated.

Additional Comments to Authors:

(Bio)chemical or other materials are often made available for other researchers to use in
their research. This can be done as collaboration or under other terms agreed by the
involved institutions or groups. In this case, given that the FRET measurement instrument
that the authors used is a prototype (although they explain the method for other
instruments), | think it would help the researcher community if the authors offered to share
their prototype for research purposes. However, this is just a suggestion. If the authors have
reasons not to want to share their prototype at this stage of development, | don't think they
need to do it in order for this article to be published. | just think it may help others become
aware of the utility of this instrument.

Thank you for your helpful comments and suggestions. In fact, we’re making this protocol to
promote the custom made FRET device along with optimal temperature control can be
widely available in detecting various small molecules without expensive fluorescence
detection devices. So any collaboration for research purposes would be more than welcome
for us. As you said, this is a prototype but an upgraded FRET analyzer which is much lighter
and less cost than the prototype is expected soon or later.



Reviewer #3:
Manuscript Summary:

The manuscript, titled "Sugar content assessment using a portable FRET analyzer: a
prototype of a widely applicable point-of-care testing tool" describes an experimental
procedure to determine sugar (or other solutes) concentrations in a complex solution using
a prototype FRET analyzer developed by the authors. Closely following their previous
publication, they demonstrate the procedure, using sugar content analysis in commercial
beverages as an example.

Major Concerns:

The manuscript seems to have been revised twice prior to my assignment as a reviewer, but
| still have a number of concerns with this manuscript. The main points that need to be
addressed are followings,

1) | have doubts as to whether the procedure really benefits from publishing in a visual
format. The protocol is fairly straight forward (bacterial expression followed by FPLC, then
cuvette-based measurement of FRET ratio), and their previous publication describe the
procedure in a sufficient detail. The most technically involving part might be the FPLC
purification, but that procedure is mostly left out from this protocol (I don't even find the
solutions used for this procedure).

There has been a major update to the script. This protocol mainly claims to support the wide
applicability of the custom made FRET analyzer with optimal temperature control. FRET
signal (ratio) intensity dramatically increases in the optimal temperature (reference 8 in the
main script) and the custom made FRET analyzer with the FRET sensors can be used to
quantifying target molecules in a simple manner. Please see the updates highlighted in red.
The FPLC purification procedure was included in steps 1.17-1.22.

2) It is not clear to me how matrix effects are controlled. Fluorescent proteins (FPs) based
sensors are innately sensitive to solutes, especially the ones that can function as quenchers
such as phosphate ions (which happens to be abundant in commercial beverages). The
protocol presented seems to provide a single point measurement. This would work only if
other solutes contained in the beverage do not interfere with rmin and rmax. The effect on
rmax can easily be assessed by adding a saturating concentration of maltose in addition to
the diluted beverage. While assessing of rmin is impossible, using rmax value with the
matching matrix would be better than not correcting for the matrix effect at all.

[Line 313] We agreed that the FRET signal will be interfered by the ingredients in the
commercial beverage samples. Including the phosphate ions you mentioned, other types of
sugars can also affect to the signal since FRET sensor engineering for substrate specificity
resulted in broaden the specificity (reference 2 in the main text). So it is required further to



investigate FRET sensors responding to various cases of sugar mixtures for the sugar
guantification. Also collaboration with companies that produce the beverages will be helpful
to confirm and to adjust the calibration of the FRET analyzer. We added it in the Discussion
section.

3) The estimated concentration would be accurate only if the substrate concentration
happens to fall within the dynamic range (usually two orders of magnitude) of the particular
sensor. This can be evaluated by selecting a threshold (such as 10-90% saturation). If the r
value does not fall within this range a different the concentration should be measured at a
different dilution.

[Line 213] We agreed that our device also only detect the FRET signal within the sugar
concentration is in between 0 to 1ImM of maltose. So it is critical to dilute the beverage
sample properly. In our case, 1000 fold diluted for the measurement. We suggest that one
can estimate the target sugar concentration approximately by referring the sugar contents
labeled on the beverage products.

4) For the particular application discussed here (measuring sugar content in beverages), it
seems that the end user would want to know the content of all sugars, including fructose
and glucose that are often used in very high concentrations. It would be possible to measure
those sugars using this system provided there is a suitable FRET sensor, but as it stands those
more common sugars in beverages are not discussed. Also the authors should discuss the
substrate specificities of sensors.

[Line 313, 341] The substrate specificity issues were discussed with the FRET interference on
Page 8 Line 318. It is true that people nowadays have an interest of the glucose and fructose
concentration in beverages for the reason of healthcare. We discussed this issue with
glucose FRET sensors on Page 8 Line 341.

5) Since the main advantage of this procedure (compared to using a high-end
spectrofluorometer) seems to be the affordability of the instrument, it would be nice to
know the predicted price range of the instrument. Also, the authors do not discuss other
technology available for determining sugar content (including the ones that do not uase
FRET measurement).

Since the journal policy strictly limits the use of commercial languages, the related contents
were not discussed in this protocol. But the price range was discussed in our previous paper
(reference 7 in the main text). We focused on the availability of custom made FRET device
with optimal temperature control of FRET sensors and sugar detection is an example. So
please understand that it seems not appropriate to compare sugar detection technologies in
this protocol.



Other points;

1) Figure 1 is exactly the same as a figure included in a manuscript the authors previously
published (ref.7). The authors should acknowledge this and sort out the copyright issues.

2) Likewise, the data in Figure 2 seems to be identical to what has been published in ref 7.

We changed the figures.

3) Line 201- Al and A2 are not used in the equation. Is it rmin and rmax instead? Also
provide the unit for xO0.

[Line 240] Revised the equations

4) The last page of the manuscript seems to have a formatting issue.

Done

| would like to see the above points revised before | recommend the manuscript for
publication.

We have carried out a major update of the manuscript including the results and figures.
Thank you for your helpful discussions and comments.

Minor Concerns:
- FRET is an acronym Foerster Resonance Energy Transfer to be precise.

Changed

- There are many other types of FRET sensors than what they discuss - PBP is certainly not
the only type of scaffold, and there are many different types of FPs too although CFP and
YFP derivatives are most common. The authors should acknowledge that.

Thank you

- The readers won't know which one of the instruments listed is the "FRET analyzer"
mentioned in the protocol.

We haven’t determined the proper noun of our device yet. But we revised the text to
minimize readers’ confusion.



- line 204 rate or ratio?

Ratio is correct.

Additional Comments to Authors:

N/A



