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Abstract An ultra-deep focusing range (UDF) fluorescent
microscope system has been combined with a micromanipu-
lation system to develop a viable cell detection-identification
system applicable to microbes on environmental surfaces
and products. Candida albicans yeast cells on a fabric sam-
ple surface were viably stained with a fluorescent glucose
derivative, 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino}-
2-deoxy glucose (2-NBDG) and detected with a UDF fluo-
rescent microscope. Visualized single-cells of C. albicans
were picked in a glass microcapillary and transferred onto
an agar medium. After the culture, the colony was assayed
for DNA sequence to identify the isolate. This demonstrates
a potential application to the study of unknown environ-
mental microorganisms.
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Introduction

Quantitative and qualitative analyses of environmental
microorganisms have been attempted with various methods
and approaches [2, 3, 7, 13, 15]. Where effective, these usu-
ally require days to obtain the results and fail to connect the
visual to microbial species. Currently, urgent needs exist in
the detection of food pathogens in cooking environment
[11, 17] and microbial growth in damp garments after the
laundry washing process [10, 14]. To meet these needs, we
have recently developed a ultra-deep focusing range (UDF)
fluorescent-microscope system and applied it successfully
to the evaluation of microbial cell removal from fabrics [4],
and to the automatic mapping of viable microbial cells
being distributed in the surface layer of cotton fabrics [5].
The next step is to isolate those single-cells for their identi-
fication. Once the single-cells have been isolated, they can
be cultured on an agar medium. Thus formed colonies may
be used for further investigation including DNA analysis
and metabolism analysis. This research demonstrates the
detection of single-cells of Candida albicans on fabrics and
their isolation for the culture.

Materials and methods
Microbial strains

Candida albicans, which is one of the key human patho-
gens [6, 16} and contaminants in cosmetic industry [1] was
chosen as a microbial strain for this study. Seed cultures of
C. albicans ATCC 10231 were prepared from frozen stocks
from MICROBANK kit (Pro-lab Diagnostics, Toronto,
Canada) and cultured in the 1/10th strength Trypticase Soy
Broth (1/10 TSB) to approximately 10°cfu/ml. Fabric
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samples used are Kanakin 3 [8]. Fabric swatches were pre-
pared as 1.0 cm x 1.0 cm squares, wrapped with aluminum
foil, autoclaved at 121°C for 15 min, and dried under sterile
conditions.

Fluorescent glucose derivative treatments

Synthesis of 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-
2-deoxy glucose (2-NBDG) was conducted following the
protocol described elsewhere [18].

A 200 pl inoculum of the seed culture containing about
5 x 10° cells of C. albicans was inoculated onto a swatch,
and the swatch was placed on Trypticase Soy Agar (TSA)
plates. After incubation at 33°C for 1h, the remaining
aqueous liquid on the swatch was removed by Ultrafree-
MC centrifuging treatment (6,000 rpm x 30s). To obtain
individual components amendable to microscopic observa-
tions, the centrifuged swatch was untied and dissected to
individual strings with pre-sterilized tweezers. The individ-
ual fabric strings were set on a glass slide upon which a
square grid has been imprinted. Approximately 2.0 ml of
0.2% agarose solution containing 12 pM 2-NBDG was pre-
pared in molten condition at 46°C, and poured onto the
reassembled fabric strings on the slide glass. The glass slide
was kept in a petri-dish and incubated for 1h at 33°C to
facilitate the uptake of 2-NBDG by C. albicans.

. Microscope and manipulation systems

After incubation, the glass slide was examined with a UDF

fluorescent microscope system. The detailed components of

the UDF fluorescent system are described previously [4, 5].
«Ultra long distance industrial optical lenses (CFI Plan EPI
SLWD 50 and 30, NIKON Co., working distance 17.0 and
- 24,0 mm, respectively) and a semi-automatic cell injection
manipulator ‘(InjectMan NI2,. Eppendorf Co.) were inte-
-grated to assemble a:cell manipulation system:(Fig. 1).
InjectMan NI2 was fixed on the UDF system stage with
" steel frames.. : :

To prepare glass capillaries for the yeast cell manipula-
tion, borosilicate glass tubes (BF100-78-10, diameter 1.0-
0.78 mm, Sutter Instrument Co.) were pulled with a laser
puller (P-2000, Sutter Instrument Co.), sterilized with anhy-
drous ethyl alcohol and dried in a dry oven at 50°C for 48 h.
For cell manipulation, a sterile silicone tube 2 mm in diam-
eter was connected to the capillary and to the InjectMan
NI2.

DNA sequence analyses
Isolated cells were incubated on TSA plates at 33°C for

48 h to prepare sufficient cell mass for DNA sequence anal-
yses. The harvested cells were transferred to a 1.8 mL

@ Springer

Fig. 1 A UDF fluorescent microscope system with a cell manipulation
system. A microscope, B ultra long distance industrial optical lens,
C manipulator, D operation module of manipulator

serum tube and frozen in liquid nitrogen. Frozen cells were
treated with homogenization pestle to break the cell wall.
This process was repeated two times. DNA was extracted
from the homogenate with EN.Z.A. Fungal DNA Kit
(Omega Bio-tek, Inc.). PCR amplification was conducted
on the 26S tDNA D1/D2 regions [9] with primers NL-1(5'-
CGATATCAATAAGCGGAGGAAAAG) and NL-4(5'-
GGTCCGTGTTTCAAGACGG) [12] with a thermal cycler
(PTC-200 Peltier Thermal Cycler, MJ Research Co.) under
the conditions of 95°C x 10s+ 50°C x 60s + 70°C x
60 s (denaturation, annealing, and extension, 30 cycles),
and 72°C x 10 min (extension) . The PCR products
obtained were purified with QIA quick PCR Purification
Kit (QIAGEN Co.) and DNA sequence analyses were done
with PRISM3100 genetic Analyzer (ABI Co.).

Results and discussion

The fluorescent images indicate viabile cells attaching on
the surface of fabrics and their morphologies can be recog-
nized (Fig. 2). Following this cell detection, a glass capil-
lary was inserted in molten agar and placed adjacent to cells
(Fig. 3a, fluorescent image). Then the cells were sucked
into the capillary (Fig. 3b, ¢). The isolated cells were cul-
tured as described and subjected to DNA sequence analysis
at D1/D2 domain in 26S rDNA to certify that the originally
inoculated strain was recovered. The gel electrophoresis
band picture of the PCR product is shown in Fig. 4. A sin-
gle band appeared at the same position as that obtained
from the originally inoculated cells. The DNA sequence
analyses data of 572 bp indicated 100% sequence match-
ing. These indicate the clear traceability of the inoculated
strain.
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Fig. 2 Microscopic images of
Candida albicans observed on
fabric before cell isolation.

a Optical image, b fluorescent
image

Fig. 3 Cell isolation procedure.
a Glass capillary inserted to mol-
ten agar coating the fabric (opti-
cal image). b, ¢ C. albicans cells
sucked in a capillary stored in

the glass capillary (optical image
(b) and fluorescent image (c)]

B
g
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F-)

Capillary

Top

b-2 c-2

Yeast Cells
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1000bp

700bp
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200bp

Fig. 4 Gel electrophoresis band picture of the PCR products. A total
of 2% agarose, TAE Buffer, M Takara 100 bp ladder as a marker,
1 DNA derived from the inoculated strain, 2 DNA derived from the
manipulated/isolated strain

Successtul visualization and manipulation demonstrate
the applicability of the present system to the detection of
very low numbers of microbial cells and for their successive

-218 -

culture. The first is to detect viable cells rapidly and the
next is to investigate them carefully depending upon the
necessity.

Single-cell manipulation supporting technologies have
recently gained marked progress {19, 20] and therefore the
present system may be advanced to a higher throughput
system in response to practical needs.
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Viable microbial cells distributed in a 130 um thick surface layer of cotton fabrics were
stained with a fluorescent glucose, 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl) amino]-2-deoxy-D-
glucose (2-NBDG), and automatically mapped with an ultra-deep focusing range microscope
(UDF) system. The software of the UDF system was upgraded and the number of Candida
albicans cells could be counted at a higher precision than before. Bacterial cells of
Pseudomonas fluorescens, Serratia marcescens, and Citrobacter freundii, which were smaller
than 1-2 pxm, were successfully mapped for the first time. These results indicate the practical
importance of the present method in the evaluation of the antibacterial properties of fabrics

and the efficacy of washing.

Key words : Ultra-deep focusing range (UDF) fluorescent microscope/A fluorescent glucose/
Viable cell imaging/Cell deposition on fabrics.

Visualization in situ of viable microbiat cells on the
surface of fabrics is of practical importance and has
been important for the evaluation of antibaterial prop-
erties of fabrics (JIS L1902, 2002; Borkow and
Gabbay, 2004; Cen et al., 2004) and the efficacy of
washing (Petrocci and Clarke, 1969; JIS L0844,
1997; ASTM E2274-03, 2004). One of the key chal-
lenges in conducting such an evaluation is to deal
with the topology of fabric surfaces which is not flat at
the micrometer scale but composed of many fibers to
form a complex structure. Microbial cells are depos-
ited on thin fibers or entrapped deeply between fi-
bers. To detect these cells within a deep focusing
range simultaneously, confocal microscopy (Roldén
et al., 2004; Staudt et al., 2004), decomvolution mi-
croscopy (McNally et al., 1999), and other methods
(Burton, 2003; Buda et al., 2005) have been pro-
posed and in fact some models based on these prin-

*Corresponding author. Tel . +81-42-388-7029, Fax : +81-
42-387-1503, e-mail: mhide@cc.tuat.ac.jp

ciples are commercially available. However it was dif-
ficult to modify available models at a reasonable cost
to fit our specific resolutional purpose. Thus we de-
veloped a novel microscopic system with an UDF
system (Fujioka et al., 2006). In combination with the
staining of viable cells with a fluorescent glucose de-
rivative, 2-NBDG (Yoshioka et al., 1996; Matsuoka et
al., 2003), the UDF system was found to be useful for
the rapid evaluation of the efficacy of microbial cell
removal (EMR) from fabrics in the specific case of
Candida albicans microbes greater than 5 g m.

From a practical viewpoint, however, it is essential
to establish a spatial resolution as high as 1-2 um. In
this study, we have critically revised the principal im-
age processing software. As described below, the
mapping of C. albicans has been successfully per-
formed with much higher resolution. The mappings of
bacterial cells smaller than 1-2 um are also demon-
strated.

Seed cultures of C. albicans ATCC10231, the envi-
ronmental isolates of Pseudomonas fluorescens,
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Serratia marcescens, and Citrobacter freundii were
prepared from respective frozen stocks with
MICROBANK kit (Pro-lab Diagnostics, Toronto,
Canada) and cultured in 1/10 strength Trypticase
Soy Broth (1/10 TSB) to approximately 10° cfu/ml.
Fabric samples used were Kanakin 3 (JIS L0803,
1998), Cotton knit without a brightener, and Cotton
100 denim. These are differently knitted to form
unique textures and certified by the Japan Spinners’
Association. The fabric swatches were prepared as
1.0 cm X 1.0 cm squares, wrapped with aluminum
foil, autoclaved at 121°C for 15 min, and dried up un-
der sterilized conditions. The synthesis of 2-NBDG
was performed following the protocol described else-
where (Yoshioka et al., 1996).

A 50 x| inoculum of the seed culture containing
about 5% 10°€ cells of C. albicans was inoculated onto
each swatch, and the swatch was placed on
Trypticase Soy Agar (TSA) plates. After the incuba-
tion at 33°C for 16 h, each swatch was soaked in 9m|
saline and vortexed for 5 min to remove most of the
microbial cells from the each swatch. Thus we pre-
pared swatch samples on which only small numbers
of microbial cells remained. Each swatch was cut into
2 pieces (0.5 cmX 1.0 cm each). One piece (1) was
used for the visualization experiment after being
stained with 2-NBDG. The other piece (II) was used
for the colony count assay only in the case of bacte-
rial cells.

The conditions of 2-NBDG staining were as follows.
A 400 u ) aliquot of 12 £ M 2-NBDG was placed on the
fabric swatch piece (I). After incubation at 33°C for
10 min, the remaining aqueous liquid was removed by
Ultrafree-MC centrifuging treatment (6000 rpm X
30s). After that, a -100 u | of 30% formaldehyde
(HCHO) solution was added with ‘a pipette on the
swatch and incubated at 33°C for 1 min in order to fix
the microbial cells. Immediately after that, the swatch
was soaked in 9 ml saline for 5 min and centrifuged
(6000-rpm X 30 s) to remove extracellular 2-NBDG.
This washing with saline was repeated 2 times and
microscopic observation with the UDF system was
performed. :

Previously we often encountered the image of a C.
albicans cell indicated by an-arrow in Fig. 1. In such
a case, the single-celi emitted intense fluorescence at
both ends and consequently was recognized as 2
cells in the automatic ‘'mapping. Such an image was
due to a large vacuole that could hardly be stained by
2-NBDG. The increase in the spatial resolution, how-
ever, has enabled the recognition of such a case as
a single-cell. Typical cases are observed at 4 posi-
tions in Fig. 2-Aa. These spots could be successfully
registered as single-cells, respectivély, as No. 1, 2, 5,

s

FIG. 1. Typical fluorescent pattern observed in C.

albicans stained with 2-NBDG. (A) Fluorescent image,
(B) Bright field image. Scale bar: 10 um. The arrow indi-
cates a typical image pattern of both ends emitting in-
tense fluorescence. Observed with VC100 X oil objective
lens through BV-2A filter.

52 2%

FIG. 2. Mapping of C.'.a/b/‘cans in the surface layer of dif-
ferent cotton materials. (A) Kanakin3, (B) Cotton Knit
without brightener, (C) Cotton 100 Denim. Scale bar: 10
Lm. :

and 8 in Fig. 2-Ab. A similar case is also observed in
Fig. 2-Ba and registered as No. 5.
As may be observed in the Figs. 2-Ab, 2-Bb, and 2-

-221-



(A)

(D)

FIG. 3. Estimated depth of each cell from the fabric sur-
face. Numbered cells in (A), (B), and (C) correspond to
the numbered cells in (A), (B), and (C) of Fig.2, respec-
tively. (D) Focusing range that can be observed simulta-
neously by the UDF system. V: Fabric surface, - - - in
(A)~(C): Deepest cell level observed in respective
cases, WD: Working distance (130 u m), FD: In-focus
depth (a few ©m), FR: Focusing Range (max 130 zm).

Cb, it is noticed that every fluorescent spot looks
equally clear in outline and similar in size, though
every cell does not necessarily exist in the same
depth. The UDF system can integrate microscopic im-
ages from the surface to 130 um depth at maximum
(Fig. 3-D). Therefore the mapping data includé the in-
formation of the depth of each cell. Based on these
data, approximate positions of respective cells are
shown in Figs. 3-A, 3-B, and 3-C. Such data are use-
ful to estimate the degree of cell invasion into fabric
matrices of different physical properties as well as
their removal by washing.

Next is the automatic mapping of bacterial cells
smaller than 2-3 um. The objective lens was X 100
APO to zoom into the bacterial cell. In the case of Fig.
4-Aa, many fluorescent spots could be observed with
similar fluorescent intensities. Thus every spot could
be mapped as a light spot of similar size by adjusting
the threshold level for the binarization at an appropri-
ate level (Fig. 4-Ab). In the other two cases, only one
cell was recognized as a light spot (Figs. 4-Ba, 4-
Ca). According to the properly adjusted threshold
fevel and the criteria for single-cell size, only this spot
could be registered as a bacterial cell {Fig. 4-Bb, 4-

VIABLE CELL MAPPING .IN FABRICS 33

FIG. 4. Mapping of bacterial cells in the surface layer of
Kanakin3. (A) P. fluorescens, (B) S. marcescens, (C) C.
freundii. Observed with VC 100 X oil objective lens through
BV-2A filter. Scale bar: 10 um.

Cb).

Practically, it is necessary to confirm the quantita-
tive relation between the cell numbers determined by
the present method and by the conventional colony
count method. However, the challenge of statistics re-
garding sample size still remained. In fact the area
that was analyzed by the present method was too
small to be compared to the colony count method.
This problem will be resolved by the future develop-
ment of an automatic scanning system for a fabric
swatch of a much larger area.

Since only one cell is detected in Fig.4-B and 4-C
respectively, it may be necessary to confirm by the
colony count method that bacterial cells were actually
remaining on/in the fabric swatch. The other halves
(swatch piece (I1)) used for Fig. 4 were assayed for
viable cells according to the following protocol. The
swatch piece (1) was immersed in 9 ml of 1/10 TSB
and vortexed for 5 min and then taken out from the
1/10 TSB. A 0.5 ml aliquot of the 1/10 TSB
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(suspension A) was mixed with TSA and poured in a
dish for culturing at 33°C for 72 h. Since the cell con-
centration in the suspension A was thought to be
markedly small, suspension A was also incubated at
33°C for another successive 48 h to increase it. A 1
00 1! aliquot of the resulting suspension (suspension
B) was spread on a TSA plate and incubated at 33
°C for 24 h to count the colony number. As a result,
after the incubation, no colony growth was observed
on the TSA plates of suspension A. On the other
hand, some growth was observed on the plates of
suspension B (Fig.4-B: 44 cfu/plate, Fig.4-C: 55
. cfu/plate). This supports the idea that the amounts of
the residual levels of bacteria are very low.

In conslusion, the UDF system has been upgraded
so that it may count automatically the cell number of
C. albicans as well as smaller bacterial cells at a
higher precision than before. The present results sug-
gest the importance of the further development of a
practical version of the UDF system.
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This protocol details a method for monitoring glucose uptake into single, living mammalian cells using a fluorescent o-glucose derivative,
2-[N-(7-nitrobenz-2-o0xa-1,3-diazol-4-yt) amino] -2-deoxy-o-glucose (2-NBDG), as a tracer. The specifically designed chamber and
superfusion system for evaluating 2-NBDG uptake into cells in real time can be combined with other fluorescent methods such as Ca%*
imaging and the subsequent immunofluerescent classification of cells exhibiting divergent 2-NBDG uptake. The whole protocol, including
immunocytochemistry, can be completed within 2 d (except for cell culture). The procedure for 2-NBDG synthesis is also presented.

INTRODUCTION
Glucose is the major carbon source used in the cells of most
organisms, so measurement of glucose uptake is an important
research issue. In mammalian cells in particular, measuring glucose
uptake of a heterogeneous population and/or differing activity
status is of great interest2. To quantify glucose uptake, a variety of
radiolabeled tracers such as [H] glucose?, [1*C] 2-deoxy-p-glucose
(2-DG)?, {'8F] fluoro-2-deoxy-p-glucose? and [“C] or [*H] 3-O-
methyl-p-glucose>® have been used effectively. However, the spatial
and temporal resolution of these methods is not high, and they
cannot be used to visualize glucose uptake in single, living cells.
This protocol details a method for real-time monitoring of glucose
uptake in single mammalian cells using a fluorescent p-glucose
derivative, 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxy-

p-glucose (2-NBDG), as a tracer. 2-NBDG was initially developed for-

the rapid non-culture count of viable microbial cells and was
successfully applied to Escherichia coli’ and many other food-borne
bacteria®. It has since been demonstrated in living mammalian cells
that the uptake of 2-NBDG takes place through glucose transporters
(GLUTs) in a concentration-, time- and temperature-dependent
manner’. A short-period application of 2-NBDG produced a
remarkable increase in the fluorescence intensity in COS-1 cells
over-expressing GLUT2, whereas the increase was barely detectable
in mock-transfected cells®. In mouse insulin-secreting clonal MIN6
cells'?, uptake was inhibited by cytochalasin B, a specific blocker for
GLUTs, and by p-glucose in a dose-dependent manner®. Kinetic
analysis using fluorometry further revealed that the time course of
the uptake into MING6 cells was almost linear up to 2 min, and
apparent K, values calculated from the Eadie-Hofstee transforma-
tion using the initial velocity of uptake at 1 min were similar to those
reported for p-glucose and the non-metabolizable glucose analog, 3-
O-methyl-p-glucose, found in pancreatic islets and cultured B-cells’.

In recent years, 2-NBDG has been shown to be useful for
monitoring glucose uptake into a variety of mammalian cells.

These include pig vascular smooth muscle cells!!, rabbit entero-

"cytes'?, rat cardiomyocytes!?, rat and mouse astrocytes and neu-

rons in culture and in vivo'*'%, human and murine tumor cell
lines'®2% and adipocyte cell lines?!. Inhibition of 2-NBDG uptake
by D-glucose has been confirmed using vascular smooth muscle
cells'! and tumor cell lines?®, and inhibition by cytochalasin B in rat
astrocytes'>. '

Direct visualization of glucose uptake without using isotopes
makes the 2-NBDG method quite attractive!>??2, In addition,
2-NBDG has recently been used to investigate cell type—specific
uptake of glucose and intercellular communication, such as that in
the CNS!#+1618, Simple superfusion of 2-NBDG over cells using a
flow-through system allows simultaneous monitoring of differing
glucose uptake into heterogeneous cells. However, care should be
taken because fluorescence intensity is an arbitrary measure. Thus,
quantification requires stability of the system as well as accurate
procedures. Accordingly, we focus here on the construction of a
flow-through system as well as a practical protocol for measure-
ment of 2-NBDG uptake. Also presented are procedures for
combining this method with Ca®* imaging by fura-2 and sub-
sequent immunocytochemical identification’ of cells’.

The limitation in the use of 2-NBDG is related to its intracellular
fate. We previously found that 2-NBDG is metabolized to a
phosphorylated fluorescent derivative at the C-6 position (2-
NBDG 6-phosphate) after entering into E. coli cells and then
decomposes to a non-fluorescent derivative?>. Thus, the fluores-
cence intensity should reflect a dynamic equilibrium of generation
and decomposition of 2-NBDG and the fluorescent metabolite.
The use of 2-NBDG in the study of intracellular glucose metabo-
lism is thus limited, and experiments must be carefully performed.

The protocols for 2-NBDG synthesis are described as well as the
detailed characteristics of 2-NBDG, for researchers who may want
to use a large amount of purified 2-NBDG.

MATERIALS

REAGENTS

- DMEM containing 4,500 mg 17! p-glucose (DMEM-HG}) (Life Technologies,
cat. no. 12800-082)

+ MING6 cells (see REAGENT SETUP)

224 -

- Ca2*, Mg?*-free (CMF) PBS (see REAGENT SETUP)

+ Trypsin-EDTA (Life Technologies, cat. no. 25200-023)
+2-NBDG (see Box 1 and Fig. 1)

+ Krebs Ringer bicarbonate buffer (KRB) (see REAGENT SETUP)
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BOX 1 | SYNTHESIS OF 2-[N-(7-NITROBENZ-2-0XA-1,3-DIAZOL-4-YL)AMINO]-2-
DEOXY-p-GLUCOSE (2-NBDG)

REAGENTS

« p-glucosamine (Sigma)

« NaHCO; (Kokusan Chemical)

« 4-Chloro-7-nitrobenzofurazan (NBD-C}; Wako)

« Sephadex A-50 (Amersham Pharmacia)

« Sephadex LH-20 {Amersham Pharmacia)

« D,0 (100 atom %D; Aldrich)

« Acetonitrile (chromato-grade for thin-layer chromatography (TLC); Kokusan Chemical)

« Triethanolamine (TEA; Kokusan Chemical)

o TLC plate silica gel 60 F54 (Merck Japan Limited)

EQUIPMENT

« Rotary evaporator (N-1000; EYELA)

« Freeze-dryer (FD-1; EYELA)

« DEAE (2-{diethylamino)ethyl-) Sephadex A-50 column and Sephadex LH-20 column (see REAGENT SETUP below)

REAGENT SETUP

DEAE Sephadex A-50 column and Sephadex LH-20 column Equilibrate DEAE Sephadex A-50 and Sephadex LH-20 with dH,0, and fill into
respective glass columns according to the standard protocols recommended by the company. The resin volume is 30x 200 mm? (diameter times
length) for DEAE Sephadex A-50 and 20 x 250 mm? (diameter times tength) for Sephadex LH-20. Operate both columns according to the
standard protocol of gel filtration.

PROCEDURE
1. Dissolve 0.5 g o-glucosamine in 10 ml 0.3 M NaHCO; solution in a 100-ml.Erlenmeyer flask (solution A), and dissolve 0.5 g NBD-Clin20-ml
methanol in a 50-ml beaker (solution B).

2. Mix solutions A (10 ml) and B (20 ml) in a 100-ml recovery flask (egg plant ﬂask) Send N, gas into the flask to purge the inside air and finally
seal the flask with a silicon rubber cork with a balloon filled with N, gas. Wrap the flask with aluminum foil to shield from light. Shake the flask in
a water bath shaker at 30 °C for 18 h.

3. Remove precipitates in the reaction mixture by filtration through a nylon mesh {10 um) (or glass wool) using an aspirator. Collect the filtrate
in another recovery flask.

4, Evaporate the reaction mixture to remove the solvent. A slight amount of solvent remaining does not matter.

5. Add 10 mi dH,0 to the flask to dissolve the product (solution C).

6. Load solution € on the Sephadex A-50 column after filtration through a filter paper. Elute the column with dH,0 and collect yellow and orange
fractions together. It is advisable to collect small fractions and then combine them after TLC (Step 7).

7. Frequently analyze the elute by TLC around the beginning and the end of the elution of yellow and orange components. This is done by
performing these steps: (i) Spot 100-pl aliquots on the silica gel plate and develop with a solvent composed of CH3CN:H,0 = 17:3 (v/v).
(i) Detect fluorescent spots under a UV illuminator. (iii) Heat the plate to visualize sugar spots. (iv) Determine the retention factors (Ry) of
fluorescent spots and sugar spots. A typical result is shown in Figure 1a. R of 2NBDG is 0.68.

Note: Maximize the 2NBDG yield but minimize the collection volume to be treated in the next step. Typically, the collection volume is
approximately 200 ml (solution D).

8. Reduce the volume of solution D to about 5 ml by evaporation. Observe the solution volume carefully and stop evaporation before the volume
becomes too small (this is solution E).

9. Load solution E on the Sephadex LH-20 column. Elute the column with dH,0. Yellow, orange and brown fractions follow in that order. Collect
the orange fractions.

10. Frequently analyze the eluate by HPLC around the beginning and the end of elution of the orange component. This is done by following these
steps: (i) Inject 2-5-pl aliquots into the sample injection port and elute with solvent composed of CH3CN:H,0 = 17:3 (v/v). (ii) Adjust the
elution speed to 0.5 mL min~1 and monitor the optical density of the eluate at 475 nm. A typical result is shown in Figure 1b. The peaks at 10.5
min (P;) and 11.8 min (P;) represent the $-p-anomer and a-b-anomer of 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-2-deoxy-o-glucose
(2-NBDG), respectively. (iii) Estimate the purity using the formula (P, area + P, area)/(All peaks) x 100%.

Note: This is done to find the optimal condition to coliect a maximum amount of 2-NBDG with highest purity. Successful gel filtration gives more
than 98% purity.

11. Collect fractions containing 2-NBDG of more than 98% purity (solution F). Expected volume is 5 m! per fraction x 15-20 fractions.
Note: In case of low purity, repeat gel filtration using a fresh Sephadex LH-20 column.

12. Reduce the volume of solution F te approximately 10 ml by evaporation (solution G).

13. Freeze solution G in liquid N; to lyophilize the product. A yietd of approximately 100 mg is expected.

Note: Dissolve the dry matter with dH,0 and store at 4 °C and use within 4 weeks. Keep the dry matter at —20 °C for longer storage.

14. Confirm the identity of the product by proton nuclear magnetic resonance analysis (*H-NMR). Dissolve the dry matter of the product with
deuterium oxide and immediately anatyze it using !H-NMR under 500 MHz. A typicat result is shown in Figure 1c. Assign peaks to respective
protons of pyranose and NBD.
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15. Analyze the mass spectrum by fast atom bombardment mass spectrometry (FAB-MS) (m/z) using tnethanolamme as the matrix. Confirm the

peak at 343 that corresponds to 2-NBDG-H*.

16. Analyze the fluorescent spectrum according to the following steps: (i) Dissolve 2-NBDG w1th distilled water to adjust the concentration to
10 pg mL=2. (ii) Measure emission spectrum from 495 to 650 nm under excitation at 475 nm. (i) Measure the fluorescence intensity at 550 nm
by scanning the excitation wavelength from 300 to 520 nm. (iv) Typical spectra depicted in Figure 1d will be obtained. -

+D-Glucose (Wako)

+Cytochalasin B (Sigma, cat. no. C6762)

EQUIPMENT

+35-mm culture dish with an oval glass bottom (14 x 5 mm?, 0.08-0.12-mm-
thick glass) (Matsunami Glass Ind., Osaka, Japan, cat. no. D110500) (Fig. 2)
(see EQUIPMENT SETUP)

- Cover glass (cut into 10 x 11 mm? pieces) (Corning, cat. no. 1)

*Vacuum grease (HVAC-G; Shin-Etsu Silicone, Tokyo, Japan)

* Round-type, heating glass stage with a flat surface (0.5 mm thick,
MPF-10HF) (Kitazato Supply, Fuji, Shizuoka, Japan) or equivalent

- Superfusate warmer (MT-1, dead volume = 0.13 ml; Narishige, Tokyo; or
SF-28, Warner)

- Thermistor probe (IT-23, diameter = 0.23 mm; World Precision Instruments)

+ Digital thermometer (TH-5; Physitemp Instruments, Clifton, NJ)

+ Inverted microscope (Nikon DIAPHOT TMD?300 or equivalent) equipped
with long working distance (WD) objective lenses: Nikon CF Plan x2 (NA
0.05, WD 5.8 mm), Plan x4 DL (NA 0.13, WD 16.2 mm), Plan x10 DL
(NA 0.3, WD 9.2 mm) and Plan Fluor x20 DLL Ph2 (NA 0.5, WD 2.1 mm)
or Plan EIWD x20 DL Ph2 (NA 0.4, WD 7.0-8.1 mm)

- Dichroic mirror (DM), excitation (Ex) and barrier (BA) filters used for
2-NBDG measurement are Nikon DM 505, Ex 480/40 and BA520-560,
respectively

+Neutral density (ND) filters: Nikon ND2 (50%),
ND4 (25%) and ND8 (12.5%) for fluorescent
imaging; ND2 and ND16 (6.25%) for
transmitted light imaging; variable intensity is
obtained by using these filters in combination

+ Peristaltic pump (MCP Standard pump equipped
with 12 roller-pumphead MS/CA4-12; Ismatec
SA, Glattbrugg, Switzerland)

* Vacuum pump (DAP-15; Alvac, Kanagawa,
Japan)

+Vacuum pressure gauge

+ Imaging system (Argus 50; Hamamatsu
Photonics, Hamamatsu, Japan) or equivalent

+ Silicon intensified target (SIT) camera
(Hamamatsu Photonics) or equivalent

REAGENT SETUP

Front

Output voltage (mv) T
g 8 8
8 8 8

(x) Centrifuge at 1,500 r.p.m. for 3 min (in a Kubota 5200, Kubota Co.,
Tokyo, Japan). (xi) Suck the supernatant and add 10 ml FBS-DMEM-HG.
(xii) Triturate five times with a 10-ml pipette (let cells go back and forth gently
within the pipette using a Pipette aid). (xiii) Centrifuge at 1,500 r.p.m. for 1 min
(in a Kubota 5200, Kubota Co., Tokyo, Japan). (xiv) Add 3 ml FBS-DMEM-HG.
(xv) Triturate 40 times with a 5-ml pipette, and count cells within 30 s.

(xvi) Dilute cell suspension at 20 x 10* ml~!. (xvii) For passage, transfer

0.5 mi cell suspension into each of the 10-cm dishes containing 10 ml
FBS-DMEM-HG (ii). (xviii) For the experiment, triturate 20 times again

and transfer cell suspension (145 pl) onto the glass part of a glass-bottom
culture dish. Moisten the glass part of the dish with 100 yl FBS-DMEM-HG
beforehand and suck medium just before plating. (xix) Observe cells after
waiting for 5 min and readjust the dilution ratio so that most cells are seen
separately. If too many cells are observed, blow off cells with yellow tip and
dilute again. (xx) Leave the cells in a CO; incubator (5% CO,, 37 °C) for

30 min until the cells adhere to the glass. (xxi}) Add 2 ml FBS-DMEM-HG

to fill the whole culture dish. (xxii) Perform measurement of 2-NBDG

uptake before many clusters of MING cells are formed. To assess the

health of MING cells during the course of the passages, check [Ca?*}
responsiveness to glucose stimulation similarly to the procedure

described in Box 2 (Figs. 2 and 3).

H-8 (NBD)

T
375

CMF-PBS NaCl, 137 g1~ KCl, 4.0g 1™}
NaH,P0,2H,0, 0.36 g I~!; KH,PO,, 0.18 g I";
NaHCO;, 12 g 17); glucose, 11 g 1-1; pH 7.30-7.35.
KRB NaCl, 129 mM; KC}, 4.7 mM; KH,PO,, 1.2
mM; CaCl,, 1.0 mM; MgSQOy, 1.2 mM; NaHCO;,
5.0 mM; HEPES, 10 mM; pH 7.35-7.40.
Preparation of MING cells (i) Prepare a total of
92 ml DMEM-HG containing 13% FBS (FBS-
DMEM-HG) in two 50-ml tubes by adding 6 ml
FBS to 40 ml DMEM-HG for each tube. (ii) Prepare
two 10-cm culture dishes and add 10 m! FBS-

T

3.50

H-21-6

T T v N
5.00 f

Elution time (min)

Emission spectrum

DMEM-HG into each dish. (iii) Prepare 15 ml
CME-PBS. (iv) Prepare 1 ml trypsin-EDTA.

(v) Warm (i~iv) at 37 °C for the following steps.
(vi) Exchange medium in a 10-cm dish culturing
MING cells with 10 ml CMF-PBS. (vii) Suck CMF-
PBS with a vacuum pump and add 5 m! CMF-PBS
and 1 ml 0.25% trypsin-EDTA. (viii} After waiting
for 1-2 min, peel off the cells gently by sucking and
blowing the medium through a 10-ml pipette.

(ix) Suck the cell suspension (approximately

6 ml) and transfer into 30 ml FBS-DMEM-HG.

(2-NBDG). (a) TLC. Silic
NBD-Cl = 0.98, GlcN =

86.4 p.p.m. (m, H-6 NB

300 400 500 600
Wavelength (nm)

Agn = 495-650 nm, Agx = 475 nm; excitation spectrum: Agy =

400 500 600 700
Wavelength (nm)

6

Ppm

Figure 1 | Analytical data of 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)aminc]-2-deoxy-p-glucose

a gel plate, solvent CH3CN:H,0 = 17:3, R¢ (fluorescent spots: 2NBDG = 0.68,
0.07, unidentified by-products = 0.93). (b) HPLC spectrum. Column: TSKgel

amide-80, eluent: CH3CN:H,0 = 17:3, flow rate: 1.0 ml min~!, detection: 0D,75 om. Two peaks:
a-p-anomer and B-o-anomer. (c) 'H-NMR spectrum. 500 MHz in D,0, 84.78 p.p.m. (d, J;, =
axial-axial, B), 55.27 p.

10 c.p.s.,
p.m. (d, J1, = 4 c.p.s., axial-equatorial, «), 83.4-3.95 p.p.m. (m, H-2-H-6),
D), 38.2-8.35 p.p.m. (m, H-5 NBD). (d) Fluorescence spectra. Emission spectrum:
550 nm, Agx = 300-520 nm.
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Preparation of 2-NBDG solution Dissolve 2-NBDG in KRB (pH 7.35-7.40).
The concentration of 2-NBDG and glucose should be determined according to
the purpose of the experiment (see PROCEDURE). A CRITICAL Do not freeze
the 2-NBDG solution, as it will precipitate when thawing.

EQUIPMENT SETUP
Culture dish and superfusion chamber Mark random scratches beforehand

on the outside of the oval glass bottom of the culture dish with a diamond knife
for later immunocytochemical identification of the cells. Although a round
glass-bottom culture dish can be used, the medium flow is smoother in an oval
one. Prepare a plastic plate with a leaf-shaped hole, as the glass part of the dish is
too shallow to obtain a stable medium flow (Fig. 2). This plate can be readily
made using the culture dish by removing its glass bottom. Attach the plate
tightly to the plastic part of the culture dish with vacuum grease just before
experiment (see PROCEDURE). Thus, the depth of the glass part of the

dish is doubled. A silicone rubber plate with an oval hole can be used instead
of the plastic plate (Fig. 2). In this case, small projection portions made

on the silicone plate (slashed part in Fig. 2) will help precise positioning

of the cover glass.

Attach a square small cover glass (10 x 11 mm?) to the plastic plate with a
small amount of vacuum grease to cover the central part of the oval glass bot-
tom (Fig, 2). The cover glass helps to smooth flow while decreasing the volume
of superfusate, assuring rapid change of the solution, and also helps to prevent
optical noise owing to fluctuation of the medium surface level. When only the
central part of the bath is covered, drugs can be directly dropped onto the
small gap upstream of the cover glass. In addition, local temperature at the
region of interest below the cover glass can be easily checked during the experi-
ment. A CRITICAL Adjust the position, angle and height of the inlet and,
especially, the outlet needle carefully (Fig. 2) to obtain smooth laminar flow.

Place a round, flat-surface heating glass stage on the microscope stage.

A plastic holder plate (14 x 14 x 0.9 cm?) with an opening (approximately
35 mm) in the central part should be fixed on the heating stage. The inner
diameter of the opening must be determined by the cuter diameter
(sometimes tapered) of the dish used. Mount the culture dish into the plastic
holder plate so that the glass bottom of the culture dish directly touches the
heating glass stage (37 °C). Long-WD objective lenses (see EQUIPMENT)
are required owing to the thickness of the heating glass stage.

&— Stirrer

Fijure 3 | Dissolving fura-2/AM in DMSO into Krebs Ringer bicarbonate buffer
(KRB).
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Figure 2 | A culture dish-based chamber for live-cell imaging. A plastic (or
silicone rubber) plate is attached to the glass-bottom culture dish to make a
bath for superfusion. The central part of the bath is covered by a cover glass
to promote smooth flow and rapid exchange of superfusate.

Check the temperature of the superfusate at the region of interest by inserting
a very thin thermistor probe between the cover glass and the glass bottom before
(or sometimes during) the experiment. An extra dish with no cells should be
prepared for just this purpose. Constant temperature at the area of interest
(36.5-37.5 °C) indicates that the whole chamber system is working properly.

Use a low-pulsation peristaltic pump and a vacuum pump for the delivery
and the removal of the superfusate, respectively. Substitution of the polyethy-
lene tube with a stainless steel pipe of very thin internal diameter helps to
decrease dead volume from the superfusate bottle to the dish. Adjust the
vacuum pressure with a screw valve and/or three-way valves at 30-40 kPa so
that cells are left on the dish. A simple delivery system using hydrostatic
pressure can be used instead of a peristaltic pump. A CRITICAL The shape of
the end of the outlet needle for removing superfusate is critical to achieving a
stable flow. The main consideration is that the hole at the end should be
opened in the upward direction (Fig. 2). Bend a stainless steel needle (20G,
0.90 x 70 mm) smoothly so as not to interfere with smooth medium flow
inside the needle. Then enlarge the hole at the end of the needle obliquely to
the axis as large as is possible using sandpaper so that the needle has an elon-
gated hole on the very tip. When the position and the angle of the needle
are adequate, superfusate is sucked constantly from the hole together
with air, making a constant sucking sound. We have designed a height-,
angle- and rotation-adjustable small holder for the needle for this
purpose (Fig. 4); this is available from Narishige Scientific Instruments,
Tokyo, Japan (see Table 1).

PROCEDURE

Preparation for superfusion € TIMING 5 min

1| Take the culture dish out from the CO, incubator, and
gently absorb the culture medium outside the glass bottom
part of the dish. Then wipe the medium left on the plastic
floor of the dish completely using a cotton swab, leaving
medium only on the glass bottom part.

2| Attach the plastic plate with a leaf-shaped hole (Fig. 2)
tightly to the culture dish with silicone vacuum grease.
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BOX 2 | [Ca?*]; MEASUREMENT COMBINED WITH MEASUREMENT OF 2- [N-(7-
NITROBENZ-2-0XA-1,3-DIAZOL-4-YL) AMINO]-2-DEOXY-p-GLUCOSE (2-NBDG)
UPTAKE IN PANCREATIC ISLET CELLS

REAGENTS

« Fura-2/AM (Dojindo, cat. no. 343-05401)

« DMSO (Dojindo)

« (a%*-free Krebs Ringer bicarbonate buffer (KRB) (see REAGENT SETUP below)

« CaCl; (0.1 M solution) (Wako)

« Glucose (Wako)

« Eagle’s minimum essential medium containing kanamycin (60 pg mL™!) (Nissui, cat. no. 1) and 5.6 mM glucose (MEM)

« EGTA (0.1 M solution) (Sigma, cat. no. E-4378)

 BSA (Fraction V, pH of 1% aqueous solution is 5.2) (Sigma, cat. no. A-4503)

o Tolbutamide (Sigma, cat. no. T0891)

« Guinea pig anti-swine insulin antibody (Dako, cat. no. N1542)

« Rabbit anti-porcine glucagon antibody (Dako, cat. no. L1813)

« Rhodamine-conjugated goat anti-rabbit IgG (Cappel}

» Rhodamine-conjugated goat anti-quinea pig IgG (Chemicon)

o Sodium phosphate buffer (PB)

« Paraformaldehyde (Nakalai)

EQUIPMENT

« Non-coated glass-bottom dishes

o Dichroic mirror and barrier filter (Nikon DM400) (BA510 LP)

o Excitation filter Hamamatsu MC340- and 380-nm excitation filters

REAGENT SETUP

Preparation of islet cells (i) Isolate islets of Langerhans from 8-12-week-old Harlan Sprague-Dawley rats by collagenase digestion under
nembutal anesthesia®®. (ii) Transfer the islets into ice-cold Ca?*-free KRB containing 5.6 mM glucose. (iii) Centrifuge at 800 r.p.m. for 30-60's
(in a himac CR5B from Hitachi High Technologies, Tokyo, Japan) at room temperature (22-28 °C) and wash sediments with KRB containing
0.1 mM Ca®*, 0.1% BSA and 5.6 mM glucose (repeat three times). A small addition of Ca?* at this point will mitigate cellular damage by EGTA
treatment in the next stage. (iv) Dissociate the islet into single cells by incubation for 15-17 min at room temperature in 200 pt Ca?*-free KRB
containing 1 mM EGTA, 0.1% BSA and 5.6 mM glucose. Make a 0.1 M EGTA stock solution for this purpose (adjust pH to 7.4 by 1 N HCl).

(v) Triturate 8-12 times using a yellow tip. (vi) Transfer the dissociated islets into 10 ml of MEM supplemented with 10% FBS (MEM-FK).
(vii) Centrifuge at 800 r.p.m. for 3 min (in a himac CR5B from Hitachi High Technologies, Tokyo, Japan) at room temperature, discard the
supernatant by suction pipette and re-suspend the cells in 200 p{ of MEM-FK. (viii) Plate a small amount of single cells (such as 30 pl) on a
culture dish in the center of the oval glass bottom (Fig. 2). (ix) Leave the cells in a C0, incubator (5% C0,, 37 °C) for 20 min until cells adhere to
the glass bottom. (x) Add 0.5-1.0 ml of culture medium slowly. Cells can be maintained in the €O, incubator for up to 2 d. However, Ca®*
responsiveness to glucose stimulation is obtained from a maximal number of healthy B-cells during the several hours after plating.
Ca%*-free KRB (mM) NaCl, 129; KCl, 4.7; KH,PO,, 1.2; MgS0,, 1.2; NaHCO0s, 5.0; HEPES, 10; pH 7.35.

_Preparation of fura-2/AM solution

1. Dissolve 10 ul 1 mM fura-2/AM in DMSO solution inte 10 mL KRB containing 2.8 mM glucose and 1 mM Ca?* (final concentration of fura-2/AM,
1 uM), as described.

Note: Use DMSO that has been kept dried, since moisture absorption interferes with dissolution of fura-2/AM (in DMSO) into aqueous solution.
Detergents to promote dissolution such as Cremophor EL (5135, Sigma) are not necessary. The volume of fura-2/AM-containing KRB should be
determined according to the chamber volume and the total dead volume in the inlet tubing.

2. Stir vigorously 10 ml KRB solution in a small glass vial (such as 12.5 ml) using a very small stirrer magnet so that a stable, tornado-like vortex
appears in the central part of the solution (Fig. 3). Use a high-performance magnetic stirrer.

Note: If a low-performance stirrer is used, the position of the vortex may move right or left unstably, and dissolution will be unsuccessful.
3. Push out the fura-2/DMSO solution continuously and as slowly as possible from a yellow tip. Hold the tip almost perpendicularly along, but
slightly outside, the vortex wall. When dissolution is successful, fura-2/AM in DMSO disappears spirally into the KRB solution similar to a pale
smoke or is almost unseen. Never suck the KRB into the tip by releasing pushing force.

Note: If water leaks into the tip, small oil droplets will be seen coming out from the tip into the KRB when fura-2/AM is pushed out, and the tip
end will be polluted by white deposit. These droplets are due to undissolved fura-2, indicating unsuccessful dissolution. Discard the tip and try
again from the beginning in such a case.

4. When subdivided into aliquots, keep fura-2/AM at below —20 °C in a tightly sealed box containing hygroscopic material to prevent moisture
absorption during frequent use.

Preparation of glucose responsiveness experiment

1. Make KRB containing 1 mM Ca?* as a superfusate during measurement. Make 100 ml of 0.1 M CaCl, stock solution to add Ca2* to KRB. Prepare
KRB containing 2.8 and 16.8 mM glucose.

2. Adjust pH of KRB stock solution to 7.3 with NaOH, because it will shift to 7.35-7.40 by the day of experiment.

Note: pH exceeding 7.4 may produce unsuccessful results.
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BOX 2 | CONTINUED

3. Prepare tolbutamide in KRB by dissolving 1 M stock solution of tolbutamide (in DMS0) into KRB containing 2.8 mM glucose in a manner
~ similar to that depicted in Figure 3 (final concentration of tolbutamide, 200 pM).

PROCEDURE

Measurement of [Ca?*]; in response to glucose stimulation: fura-2/AM loading & 34iti6 30 min

1. Prepare 10 ml of KRB (depending upon the total dead volume in the inlet tubing) containing 2.8 mM glucose and 1 uM fura-2/AM for each
cutture dish.

2. Superfuse the islet cells with the fura-2/AM in KRB at a flow rate of 0.3 ml min—1 for 30 min at 37 °C.

3. Wash fura-2/AM solution with KRB containing 2.8 mM glucose at 37 °C. This protocol is both easy and time saving. Indeed, because only islet
cells strongly adhered to the glass bottom are left on the dish after the loading, cells of interest can be searched for using the microscope
immediately after fura-2/AM loading, which contributes to obtaining responses from cells still in a healthy condition.

4. As an alternative to the above method of loading fura-2/AM by superfusion, fura-2/AM can be loaded by exchanging culture medium with KRB
containing 2.8 mM glucose and 1 pM fura-2/AM, and incubated for 30 min at 37 °C in a humidified atmosphere containing 5% C0, (in a €0,
incubator).

Measurement of [Ca2*]; in response to glucose stimulation: [Ca?*]; measurement & TiMING 1 h

5. Superfuse KRB containing 2.8 mM glucose. Start searching the area of interest without waiting additional post-loading minutes for the
hydrolysis of AM residue, as the searching process is usually time consuming.

6. Capture transmitted light images of cells of interest.

7. Start imaging the ratio F340/F380. Fura-2 fluorescence is detected every 5 or 10 s at 500-520-nm wavelength following excitation at 340-nm
(F340) and 380-nm (F380) wavelengths. The ratio image is obtained using an Argus 50. (See Troubleshooting section below.)

8. Exchange superfusate to KRB containing 16.8 mM glucose for 5-10 min and then return to KRB containing 2.8 mM glucose.

9. After the ratio recovers to baseline for about 10 min or so, check responsiveness of B-cells to tolbutamide by superfusing KRB containing 200
pM tolbutamide for a brief period within 30 s.

Measurement of 2-NBDG uptake & TIMING 30-60 min

10. After finishing Ca?* imaging, start measurement of 2-NBDG uptake in a manner similar to that described for MING6 cells. To discriminate
B-cells from other cell types, KRB containing 200 uM 2-NBDG and 2.8 mM glucose is loaded for 1 min. Quenching of fura-2 fluorescence is not
required since the 2-NBDG fluorescence is strong enough in comparison with fura-2 fluorescence, and the 2-NBDG uptake is evaluated by the
relative increase in the fluorescence.

ANTICIPATED RESULTS

A raw example of measurement of [Ca®*]; and subsequent 2-NBDG uptake in pancreatic islet cells is shown in Figure 6. After loading fura-2/AM
by superfusion, a region of interest is selected and a transmitted light image is captured (Fig. 6a). Cells to be monitored are then selected on the
fluorescent image (Fig. 6b). Information on the [Ca?*}; response to glucose stimulation (Fig. 6¢) and the subsequent uptake of 2-NBDG by a
brief superfusion (Fig. 6d,e) were used to evaluate the divergent uptake of heterogeneous islet cells in combination with later
immunocytochemistry (Fig. 6f). Since islet cells consist of a heterogeneous population of cells, including glucose-responsive insulin-secreting
[3-cells and glucose-unresponsive glucagon-secreting a-cells as well as somatostatin-secreting 3- cells later immunocytochemical identification
of cell type is essential (see Box 3).

TROUBLESHOOTING

Problem: Extraordinary large ratio in [Ca?*]; imaging.

Possible reason: Unhealthy cells may show a large ratio. Especially important, islet cells do not remain healthy for many hours in KRB containing
2.8 mM glucose. In addition, care should be taken to prevent high-temperature degradation of the coating materials of the emission filter, which
can be continuously exposed to heat radiation from the xenon lamp during the experiment despite the heat-insulating lens.

Solution: Carry out experiments using freshly prepared cells. To retard degradation of the coating materials of the filter, empty the home filter
positionand 1215e two heat-insulating lenses in the pathway from the lamp. The condition of the filters should be checked by making a calibration
curve for [Ca%*];.

A CRITICAL STEP A toothpick and a small bent spatula can be used to spread the grease and press the plate, respectively. If you use
too much grease, it comes out from the gap between the dish and the plate and interferes with medium flow. If you use too little, the
superfusate leaking into the gap will interfere with smooth exchange of the superfusate during drug application, which is especially
problematic when high concentrations of 2-NBDG are applied.

3| Cover the central part of the oval glass bottom with a square cover glass with a small amount of vacuum grease (Fig. 2).

4] Mount the dish on the plastic holder on the inverted microscope stage and start superfusion immediately with KRB
containing 5.6 mM glucose. Paint a small mark on the rim of the dish so that it coincides with the mark on the holder.
This makes it possible to reproduce the angle of the dish when immunocytochemistry is conducted later.
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BOX 3 | IMMUNOCYTOCHEMICAL IDENTIFICATION OF ISLET CELLS AFTER
MEASUREMENT OF 2-[N-(7-NITROBENZ-2-0XA-1,3-DIAZ0L-4-YL)AMINO]-2-DEOXY-p-
GLUCOSE (2-NBDG) UPTAKE

REAGENTS

« Guinea pig anti-swine insulin antibody (Dako, cat. no. N1542)

« Rabbit anti-pig glucagon antibody (Dako, cat. no. L1813)

« Rhodamine-conjugated goat anti-quinea pig IgG (Chemicon)

« Rhodamine-conjugated goat anti-rabbit IgG (Cappel)

« Sodium phosphate buffer (PB)

« Paraformaldehyde (Nakatai)

EQUIPMENT

« Dichroic mirrors and filters: Nikon DM575 (EX 510-560, BA 590 LP)

Immunocytochemistry € TIiNG 5 h—4.5 d

1. At the end of the measurement of 2-NBDG uptake, capture transmitted light images of the analyzed cells at x20, x10, x4 and x2 for
immunocytochemical identification of their location. Low-magnification lenses are especially convenient for finding the analyzed region in
reference to the scratches previously made under the glass bottom of the culture dish.

2. Fix cells in cold 0.1 M PB containing 2% paraformaldehyde overnight at 4 °C. Alternatively, pour the cold fixative on the cells and leave cells
for up to 1 h at room temperature.

3. Wash three times (rotate the dish gently and wait for 5 min between each washing) with 0.01 M PBS. Cells may be treated with 1% BSA.
4. React cells with primary antibodies, such as guinea pig anti-pig insulin antibody (1:100) or rabbit anti-pig glucagon antibody (prediluted), at
room temperature for 1 h or at 4 °C overnight.

Note: Can be left up to 3 d at 4 °C.

5. React with rhodamine-conjugated secondary antibody (1:100-1:500) at room temperature for 1 h.

6. Wash three times with PBS.

7. Mount the dish on the plastic holder on the microscope stage so that the mark on the rim of the dish caincides with the mark on the holder.
8. Show the previous low-magnification image of the cells on the PC monitor and affix tiny triangles made of opaque tape on both ends of
individual major scratches observed on the monitor screen. Then find the same scratch pattern by microscope and adjust the field of view so that
the identical pattern is seen on the monitor using the opaque triangles as guides. Finer adjustment can be made by comparing the current image
with the previous image. Repeat the process in higher-magnification views.

9. Examine rhodamine fluorescence. :

ANTICIPATED RESULTS
See Figure 6f.

Measurement of 2-NBDG uptake : i 30-60 min
5] Select area of interest and capture a transmitted light image.

6| Demarcate cells. Select an area for evaluating changes in background fluorescence.

7] Adjust the gain of the detection system and capture fluor-
escent images. A transmitted light image with no ND filter is
useful for identifying locations of cells on the monitor screen by
the intrinsic fluorescence of the cells. Strong ND filters are used
when the fluorescence of cells is saturated after loading 2-NBDG.

8] Superfuse MING cells with glucose-free KRB for 15 min.

9] Change superfusate to p-glucose-free KRB containing
50-600 uM 2-NBDG for 15-120 s, and then wash.

A CRITICAL STEP The concentration of 2-NBDG and the loading
period are to be determined according to the purpose of the
experiment, the type of GLUTs of interest and the signal-to-noise
ratio of the detection system. For the signal-to-noise ratio and
the superfusion technique used in the present system, the
shortest practical loading period is 15 s, and the smallest
concentration is 50 pM. When 600 puM 2-NBDG is used, a loading
period longer than 120 s should be avoided because of the Figure 4 | A custom-made holder for the outlet needle (Narishige). Height,
nonlinear increase in the 2-NBDG fluorescence over time®. Witha  rotation angle and lean angle of the needle are freely adjustable without
system requiring a long loading period (e.q., tens of minutes),  using a screwdriver.
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Figure 5 | Measurement of 2-[N-(7-nitrobenz-2-
oxa-1,3-diazol-4-yl)amino}-2-deoxy-b-glucose
(2-NBDG) uptake into MIN6 cells. (3) Transmitted
light image (x20). Arrows indicate debris of dead
cells. Raw fluorescent images measured at 540-nm
wavelength with no neutral density (ND) filter
(b) before and (c) after loading Krebs Ringer
bicarbonate buffer (KRB) containing 600 uM
2-NBDG for 15 s. Note that no increase in the
fluorescence intensity is seen for the debris
(arrows). The field of view in the fluorescent
images (b) and (c) was narrowed by the
diaphragm in the fluorescent light path.

0.00 10.00 20.00 30.00 40.00
) Time{Min]

Figure 6 | Measurement of [Ca?*]; in response to glucose stimulation and subsequent 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-o-glucose
(2-NBDG) uptake in living pancreatic islet cells followed by immunocytochemical identification. (a) Transmitted light image (x20). Scratches made under the
glass bottom of the dish are visible. (b) Raw fluorescent image examined at 500-520-nm wavelength for 380-nm excitation after loading of 1 uM fura-2/AM
by superfusion. Areas demarcated by squares were tentatively selected for monitoring [Ca2*]; responses before starting the measurement. Of these, the
responses of cells indicated by colored numbers are exemplified (see below). (c) A window of the Argus 50 for [Ca2*); analysis. Seven areas can be analyzed

on one page of the Argus 50 (seven colors are assigned automatically). Areas showing increases (no. 8 and nos. 10-14) and no increase (no. 9) in [Ca?*];

are expressed as the change in fura-2 fluorescence ratio (340 or 380 nm) (lower panel). Small downward arrows above the lower panel indicate periods of
superfusing Krebs Ringer bicarbonate buffer (KRB) containing 16.8 mM glucose (between the two left arrows) and 200 puM tolbutamide (between the right
arrows). The response times to tolbutamide coincided for cells responding to high glucose, whereas the response times to glucose varied, indicating accuracy
of the superfusion and differences in intracellular metabolism after glucose uptake among cells. Upper insets are provided by the software for checking
locations of cells and changes in the fluorescence at different time points. Fluorescent images measured at 540-nm wavelength (d) before and (e) after
loading 200 pM 2-NBDG for 1 min. Cells incorporating 2-NBDG are B-cells?, and uptake of 2-NBDG into cell no. 9 was undetectable during 1 min loading.

(f) Immunocytochemistry of glucagon. Rhodamine-conjugated secondary antibody was used. Cell no. 9 (arrow) was clearly immunopositive for glucagon.
Rhodamine fluorescence was examined with a 590-nm longpass filter (excitation wavelength 510-560 nm). Note that the location of the cells incorporating
abundant 2-NBDG can be identified by their vague fluorescence. In (a-e), cells were superfused continuously with KRB containing 2.8 mM glucose at

37 °C, and the KRB was supplemented as indicated. In these original pictures, no subtraction or shading correction was done. Contrast was adjusted for clarity
only in panels (d) and (e). Note that some cells were lost and some not seen in the original transmitted light image entered from upstream during superfusion.
Some of these data were first published in ref. 9.
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some investigators use a very low concentration of 2-NBDG (10 pM)™3. For a long loading period, time-dependent extinction
should also be considered. In MING cells, the intensity of 2-NBDG fluorescence (200 uM loaded for 60 s) was linearly decreased
to 87.7, 70.9 and 56.6% 15, 30 and 60 min after uptake, respectively, under dark condition (K. Yamada and N. Inagaki, unpublished
data). Care should be taken that the actual loading period of 2-NBDG from the beginning of superfusion to complete washing

is constant for all of the cells compared. Differences in the local temperature within the area of interest should be within 1 °C
(e.q., 36.5-37.5 °C) to minimize temperature-dependent variance of the uptake’.

? TROUBLESHOOTING i

10| When 2-NBDG uptake is evaluated in the presence of glucose, skip Step 8 and change the superfusate to KRB containing
2-NBDG and glucose. The glucose concentration added to the KRB should be determined according to the purpose of experiment.
To test inhibition of 2-NBDG uptake by o-glucose, superfuse cells with KRB containing 11.2 mM p-glucose and compare the
2-NBDG uptake with that in the absence of p-glucose. The uptake of 2-NBDG (600 uM loaded for 2 min) in the presence of

11.2 mM glucose was significantly inhibited by 52.5 + 6.3% compared with uptake in the absence of glucose®.

11] After washing for 5 min, capture fluorescent images.

12| Calculate the relative fluorescence intensity of each celt before and after loading 2-NBDG by subtracting the corresponding
background fluorescence from the fluorescence intensity of the cells.

13} Calculate the net increase in the fluorescence intensity for each cell by subtracting the relative fluorescence intensity
before from that after loading 2-NBDG.

14| To test whether the 2-NBDG uptake occurs through GLUTs, superfuse cells with KRB containing 10 pM cytochalasin B 5 min
before the 2-NBDG loading. In MING cells, the increase in fluorescence by loading 200 uM 2-NBDG for 15 s was almost comple-
tely inhibited in the presence of cytochalasin BY.

? TROUBLESHOOTING
Troubleshooting advice can be found in Table 1.

TABLE 1 | Troubleshooting table.

Step  Problem Possible reasons Solution .

9 Variable results in 2-[N-(7-nitrobenz- Unstable superfusion in the Check for smooth superfusion by dropping a small amount of
2-oxa-1,3-diazol-4-yl)amino]-2- chamber dye such as pontamine sky blue (Brilliant Blue 6B, CI-24420,
deoxy-p-glucose (2-NBDG) fluores- Tokyo Chemical Industry, Tokyo, Japan) using an extra dish
cence in quantitative measurements without cells. Adjust the position of the outlet needle so that
or high background fluorescence due it slightly protrudes into the glass bottom part. Adjust the
to 2-NBDG : inlet angle and direction finely so that a smooth, laminar flow

is obtained. A constant sound of sucking of the superfusate
from the outlet needle indicates a stable flow. Measure the
temperature of each region of interest with a thin thermistor
probe to confirm that the temperature difference is within

1 °C. An area meeting this criterion can be marked on the
cover glass. Measurement of the tocal temperature also
helps in finding irregular flow

Pollution by 2-NBDG fluorescence Every time a dish is exchanged, the plate and forceps used
from the forceps used for placing should be rinsed thoroughly. Make several additional plates to
and removing the plastic plate on save time. Each time vacuum grease is taken from the tube,
the glass-bottom culture dish, use a new disposable toothpick so that the grease itself is not
or other materials such as the polluted by 2-NBDG fluorescence. Similar care should be taken
thermistor probe for other parts

Variance of uptake specific to the See ANTICIPATED RESULTS
particular cell types of interest

ANTICIPATED RESULTS

An example of the raw measurements of 2-NBDG uptake in MIN6 cells is shown in Figure 5. The fluorescence of MING cells,
which was only stightly discernible before loading, was remarkably increased by a brief (15 s) superfusion of 600 uM 2-NBDG in
the absence of glucose. In the transmitted light image, cells with an abnormal round shape are easily distinguished from normal
cells exhibiting irreqular shape?4. Abnormal cells and areas where multiple cells are overlapping are to be excluded from the
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analysis. MING cells exhibit a relatively homogeneous uptake of 2-NBDG. However, when other cell types are used, care should
be taken to determine whether the variable uptake of 2-NBDG is due to intrinsic differences in the glucose uptake of individual

cells (Box 2, Box 3 and Fig. 6).
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Introduction

Total coliforms

and Escherichia coli

Abstract

Aim: A new medium, EC-Blue-10, containing chromogenic and fluorogenic
substrates, KNO; and sodium pyruvate has been developed for the rapid simul-
taneous detection and enumeration of total coliforms and Escherichia coli in
water.

Methods and Results: Two evaluations of EC-Blue-10 were carried out. Firstly,
EC-Blue-10 was compared with Colilert-MPN for 96 water samples using MPN
for total coliforms and E. coli. Secondly, the detection of coliforms and E. coli
were compared using 2400 tubes of EC-Blue-10 and Colilert-MPN. The regres-
sion coefficients between EC-Blue-10 and Colilert-MPN for total coliforms and
E. coli were 091 and 0-89, respectively. For the detection results, the Cohen’s
kappa values between the two media were 0-79 for coliforms and 072 for
E. coli.

Conclusions: EC-Blue-10 is almost same as Colilert-MPN for the detection of
coliforms and E. coli in surface waters. Further evaluation for EC-Blue-10 is
needed to verify in different geographical areas.

Significance and Impact of the Study: EC-Blue-10 is useful method for the
rapid and simultaneous detection of total coliforms and E. coli in water
sample.

side (ONPG) or chlorophenol red-8-p-galactopyranoside
(CPRG) as a substrate. The results of studies comparing

are important media containing ONPG or CPRG and 4-methylumbel-

indicators of the sanitary quality of drinking water. The
standard test for the coliform group is either the multi-
ple-tube fermentation technique (Grasso et al. 2000) or
the membrane-filter technique (Bernasconi ef al. 2006).
Since traditional multiple-tube fermentation and
membrane-filter methods require a minimum of 24 h
incubation followed by a confirmation procedure lasting
24-48 h, there is a requirement for rapid test methods for
the emergency testing of drinking water supplies. During
recent decades new chromogenic or fluorogenic, defined
substrate methods based on f-galactosidase for total coli-
forms or B-glucuronidase for E. coli and ready-made

culture media have been introduced (Edberg and Edberg-

1988). Many chromogenic media based on f-galactosidase
for total coliforms use o-nitrophenol-B-p-galactopyrano-

liferyl-B-p-glucuronide (MUG) with standard methods
(Edberg et al. 1988; Buckalew et al. 2006) provide critical
information confirming the accuracy of the defined sub-
strate technology (DST) method, its comparability to a
standard method, and its applicability for use. ONPG
could be replaced successfully by 5-bromo-4-chloro-
3-indoxyl-B-p-galactopyranoside (X-Gal) (Manafi and
Kneifel 1989). However, there are few studies testing
commercially available liquid media that use X-Gal and
MUG for the simultaneous determination of total coli-
forms and E. coli in water (Manafi and Kneifel 1989;
Geissler et al. 2000; Horman and Hinninen 2006). We
have developed a new medium using X-Gal and MUG for
rapidly and simultaneously detecting total coliforms and
E. coli in water. EC-Blue-10 is a new medium in a special
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