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[Abstract] Xenopus laevis oocytes are a widely used model system for characterization of
heterologously expressed secondary active transporters. Historically, researchers have relied on
detecting transport activity by measuring accumulation of radiolabeled substrates by scintillation
counting or of fluorescently labelled substrates by spectrofluorometric quantification. These techniques
are, however, limited to substrates that are available as radiolabeled isotopes or to when the substrate
is fluorescent. This prompted us to develop a transport assay where we could in principle detect
transport activity for any organic metabolite regardless of its availability as radiolabeled isotope or
fluorescence properties.
In this protocol we describe the use of X. laevis oocytes as a heterologous host for expression of
secondary active transporters and how to perform uptake assays followed by detection and
quantification of transported metabolites by liquid chromatography-mass spectrometry (LC-MS). We
have successfully used this method for identification and characterization of transporters of the plant
defense metabolites called glucosinolates and cyanogenic glucosides (Jørgensen et al., 2017), however
the method is usable for the characterization of any transporter whose substrate can be detected by LCMS.
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[Background] Oocytes from the African clawed frog (Xenopus laevis) is a well-established expression
system for heterologous expression and characterization of membrane proteins (i.e., transporters and
channels). The X. laevis oocyte express few endogenous membrane proteins and has a low background
transport activity. Furthermore, secondary active transporters from plants (Boorer et al., 1992;
Theodoulou and Miller, 1995; Nour-Eldin et al., 2006), animals (Sumikawa et al., 1981; Sigel, 1990) and
microbes (Calamita et al., 1995; Wahl et al., 2010) have been successfully expressed in X. laevis
oocytes, showing that this system is widely applicable to characterize transporters from any organism.
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A transport assay requires the expression of the transport protein in a system capable of folding the
protein correctly and localizing it to a membrane across which movement of substrate can be detected.
Due to the minute amounts moved, researchers have typically used radiolabeled substrates for transport
assays. By washing oocytes after incubation and scintillation counting of the oocytes interior
accumulation of substrate inside the oocyte could be detected. We have previously utilized this method
to identify and characterize sucrose and glucose transporters from Arabidopsis thaliana using the
Xenopus oocytes system (Nour-Eldin et al., 2006; Norholm et al., 2006). However, for identification and
characterization of plant specialized metabolite transporters, it can be very challenging to generate
radiolabeled isotopes of a target substrate. To overcome this challenge we developed a protocol for
detecting and quantifying transport of specialized metabolites into X. laevis oocytes by use of LC-MS.
Use of this method has allowed us to expand the inventory of assayable substrates to anything that can
be detected and quantified by the LC-MS system applied.

Materials and Reagents

1. Pipette filter tips (e.g., Biotix, catalog numbers: M-0012-9FC, M0020-9FC, M-0300-9FC, M1250-9FC96)
2. Petri dishes for oocyte washing (e.g., 90 mm diameter, Thermo Fisher Scientific, Thermo
ScientificTM, catalog number: 263991)
3. 24-well NuncTM cell-culture dish (Thermo Fisher Scientific, Thermo ScientificTM, catalog number:
142475)
4. Pasteur pipette for oocyte handling
5. 1.5 ml tubes (e.g., 1.5 ml microfuge tubes, ‘Easy Fit’, Almeco, catalog number: 02.023.01001)
6. 0.22 μm PVDF-based filter plate (EMD Millipore, catalog number: MSGVN2250)
7. LC-MS vials
8. Oocytes expressing transporter(s) of interest and water-injected control oocytes (see Jørgensen
et al., 2016 for protocols on making and injecting cRNA and handling oocytes)
Notes:
a. A high-affinity glucosinolate transporter from Arabidopsis thaliana, ARABIDOPSIS
THALIANA GLUCOSINOLATE TRANSPORTER-1 (AtGTR1) (UniProt, catalog number:
Q944G5), is used as an example here.
b. Oocytes can be purchased from Ecocyte-biosciences (http://ecocyte-us.com/).
9. Substrate
Note: We use 4-methylthiobutyl glucosinolate (4MTB) and 3-indolylmethylglucosinolate (I3M)
obtained from C2 Bioengineering (http://www.glucosinolates.com/) and CFM Oskar Tropitzsch
GmbH, Marktredwitz (http://www.cfmot.de/), respectively. Cyanogenic glucoside linamarin can
be purchased from Santa Cruz Biotechnology.
10. Methanol for HPLC ≥99.9% (Sigma-Aldrich, catalog number: 34860)
11. Formic acid, reagent grade (Sigma-Aldrich, catalog number: F0507)
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12. Acetonitrile for HPLC (Sigma-Aldrich, catalog number: 34851)
13. Sodium chloride (NaCl) (Duchefa Biochemie, catalog number: S0520.5000)
14. Potassium chloride (KCl) (Merck, catalog number: 1.04936.1000)
15. Magnesium chloride hexahydrate (MgCl2·6H2O) (Sigma-Aldrich, catalog number: M2670)
16. Calcium chloride dihydrate (CaCl2·2H2O) (EMD Millipore, catalog number: 1.02382)
17. HEPES (Sigma-Aldrich, catalog number: H4034)
18. Tris-HCl solutions (Trisma hydrochloride) (Sigma-Aldrich, catalog number: T3253)
19. MES (Sigma-Aldrich, catalog number: M8250)
20. Kulori media (pH 7.4) (see Recipes)
21. Kulori media (pH 5.6) (see Recipes)

Equipment

1. 17 °C incubator for oocyte storage (BINDER, model: Model KB 23)
2. Pipettes (10 µl, 50 µl, 200 µl and 1,000 µl)
3. Table top centrifuge for 1.5 ml microfuge tubes (e.g., Ole Dich Instrumentmakers, model: Ole
Dich 157, max speed 20,000 x g, refrigerated)
4. Kinetex 1.7u XB-C18 column (100 x 2.1 mm, 1.7 μm, 100 Å) (Phenomenex, catalog number:
00D-4499-AN)
5. LC-MS Triple Quadrupole system for sample analysis/data acquisition (Advance UHPLC
coupled to an EVOQ Elite Triple Quadrupole mass spectrometer) (Bruker, model: EVOQ EliteTM
Triple Quadrupole)

Software

1. Microsoft Excel for data analysis and presentation
2. Bruker MS Workstation software (Version 8.2, Bruker, Bremen, Germany)

Procedure

In the following, we will provide an example of a typical assay where we test the uptake activity of a
given transport protein towards glucosinolates. We test seven oocytes that have been injected with
cRNA for our transporter of interest and seven oocytes which have been injected with water to be used
as negative control. A set of negative control oocytes should be included for every compound to be
tested.
A. Assay preparation
1. Prepare seven oocytes expressing the transporter of interest (injected with Complimentary RNA
(cRNA) [25-50 ng] and incubated at 17 °C for 72 h prior) and seven oocytes that have been
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injected with water to be used as control oocytes (and incubated at 17 °C for 72 h prior). Injection
volume is typically 50 nl.
Note: See Jørgensen et al., 2016 for a detailed protocol for cRNA generation and injection and
for oocyte handling from injection to assay.
2. 24-well NuncTM cell-culture dish plates are prepared as shown in Figure 1. The pre-incubation
well (Figure 1B) is filled with 2 ml Kulori media (pH 5.6, see Recipes). The assay well (Figure
1C) is filled with 1 ml Kulori media (pH 5.6) with substrate (for AtGTRs typically between 100
µM and 1 mM glucosinolate to measure uptake in the high-affinity range).
Note: A mastermix of Kulori pH 5.6 media and substrate is prepared so exactly that the same
concentration of substrate is found in each well.

Figure 1. 24-well assay plates suitable for 12 assays at a time

3. Three Petri dishes are filled with cold (4 °C) Kulori media (pH 7.4, see Recipes) and stored in
fridge.
4. Number two sets of 12 microfuge tubes from 1-12. Tubes numbered 1-6 will be used for samples
from oocytes expressing the transporter. Tubes numbered 7-12 will be used for the samples
from the control oocytes.
Note: Use different colours for the two sets of tubes (e.g., the first set of 12 tubes are labelled
with a black marker and the second set is marked with a red marker).
5. To keep track of the assay during the experiment and for laboratory book reporting, we
recommend using an assay schematic as shown in Table 1.
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Table 1. Assay schematic
Info
Date: ______________
Days expressed: _______
RNA conc.: ________ng/μl
Notes:
tube # Construct/compound/conc./media
Media sample–100 µM 4-methylthiobutylglucosinolate in
1
Kulori pH 5.6
Oocyte 1
2
Oocyte 2
3
Oocyte 3
4
Oocyte 4
5
Oocyte 5
6
...

#

Time started

B. Assay
1. To start the first transport assay, preincubate 6-7 oocytes expressing AtGTR1 in the
preincubation well containing Kulori media (pH 5.6) for 5 min (Figure 1B). Subsequently, use a
Pasteur pipette to transfer oocytes to the assay well containing Kulori media (pH 5.6) with
substrate (Figure 1C) and incubate for 2-180 min at room temperature. Make sure to transfer
oocytes in only one drop from the pipette (see Figure 2). Wait three minutes and start the next
transport assay. Continue this until all the assays you want to run are running. The duration of
the assay is determined by the transport activity and should be determined empirically.
Notes:
a. We start the assay with 1-2 oocytes more than we want to analyze on the LC-MS as
sometimes 1-2 oocytes are lost during the washing steps.
b. Transfer the oocytes in only one drop of the Pasteur pipette.
Note: The length of the assay depends on the activity of the transporter and how well the substrate
is ionized and thereby detected by the LC-MS system. Consequently it needs to be determined
empirically and minimized as much as possible (i.e., you need to start by running a long assay and
then gradually reduce the incubation time). This is especially important if transport kinetics are to be
performed (and electrophysiology is not an option) as kinetic measurements need to be performed
in the linear range of transport.
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Figure 2. Process of transferring oocytes from one well to another using a Pasteur pipette.
Please note how the oocytes are allowed to settle in the tip and are expelled in a single drop.

2. With a < 2 µl pipette, take out 1 µl of each assay media (Figure 1C) and add it to the Eppendorf
tube for the media sample (in this example tube 1).
3. Stop the assay by adding 1 ml cold (4 °C) Kulori media (pH 7.4) to the assay well and
immediately transfer the oocytes to the first Petri dish using a Pasteur pipette. Make sure to
transfer oocytes in only one drop from the pipette and empty the rest of the solution in the pipette
into the waste. Subsequently, and in the same way move the oocytes to Petri dish two and then
Petri dish three to wash away any external substrate. This washing procedure effectively dilutes
the substrate in the external uptake media to below detection levels.
Note: Each time make sure to only transfer the oocytes with one drop of Kulori media.
4. Transfer one oocyte to each of the 1.5 ml Eppendorf tubes numbered 2-6 and carefully remove
excess wash media with a 100 µl pipette from each tube.
Note: Removal of excess wash media is a key step. Complete removal ensures low variability
between replicates.
5. Add 50 μl of 50% MeOH (with an appropriate internal standard. For glucosinolate transport
assays, we use 1,250 nM of the glucosinolate sinigrin as it is commercially available) to the five
oocyte samples and the media sample. Immediately homogenate the oocytes using a 100 µl
pipette.
Note: Adding MeOH and waiting will result in oocytes that cannot be homogenated due to the
dehydration by MeOH. It is therefore important that the homogenization is carried out
immediately.
6. Leave the homogenate for two hours at -20 °C and then centrifuge the samples at 20,000 x g
for 15 min at 4 °C to precipitate proteins. Transfer 40 µl of the supernatant to the corresponding
tube in the second set of numbered tubes and dilute with 60 μl H2O.
7. Filter the diluted samples through a 0.22 μm PVDF based filter plate (EMD Millipore) and
subsequently analyze by analytical LC-MS.
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C. LC-MS analysis of glucosinolates and cyanogenic glucosides
1. Analysis can be performed by any type of UHPLC coupled to a Triple Quadrupole mass
spectrometer. Separation of analytes is routinely done by reverse phase liquid chromatography
using a C18-type column using MilliQ-grade water with 0.05% formic acid and acetonitrile with
0.05% formic acid as gradient solvents. Electrospray ionization (ESI) is then followed by
detection by the MS using Multi Reaction Monitoring (MRM) which allows for detection of
analytes to very low concentrations depending on ionization efficiency and other instrument
parameters. Typically, analytes such as glucosinolates have a lower limit of detection (LLOD)
around 5-10 nM (approx. 5-10 fmol on column) (Crocoll et al., 2016) while cyanogenic
glucosides have a LLOD of around 200-250 nM (approx. 200-250 fmol on column). The lower
limit of quantification (LLOQ) is around 20-50 nM and 400-500 nM for glucosinolates and
cyanogenic glycosides, respectively.
2. Here, chromatography was performed on an Advance UHPLC system (Bruker, Bremen,
Germany). Separation was achieved on a Kinetex 1.7u XB-C18 column (100 x 2.1 mm, 1.7 μm,
100 Å, Phenomenex, Torrance, CA, USA). Formic acid (0.05%) in water and acetonitrile
(supplied with 0.05% formic acid) were employed as mobile phases A and B, respectively. The
elution profile was: 0-0.2 min, 2% B; 0.2-1.8 min, 2-30% B; 1.8-2.5 min 30-100% B, 2.5-2.8 min
100% B; 2.8-2.9 min 100-2% B and 2.9-4.0 min 2% B. The mobile phase flow rate was 400
μl/min. The column temperature was maintained at 40 °C. The liquid chromatography was
coupled to an EVOQ Elite Triple Quadrupole mass spectrometer (Bruker, Bremen, Germany)
equipped with an electrospray ion source (ESI) operated in combined positive and negative
ionization mode. The instrument parameters were optimized by infusion experiments with pure
standards. The ion spray voltage was maintained at 5,000 V or -4,000 V for cyanogenic
glucoside and glucosinolate analysis, respectively. Cone temperature was set to 300 °C and
cone gas to 20 psi. Heated probe temperature was set to 180 °C and probe gas flow to 50 psi.
Nebulizing gas was set to 60 psi and collision gas to 1.6 mTorr. Nitrogen was used as probe
and nebulizing gas and argon as collision gas. Active exhaust was constantly on. Multiple
Reaction Monitoring (MRM) was used to monitor analyte parent ion → product ion transitions:
MRM transitions were chosen based on direct infusion experiments. Detailed values for mass
transitions can be found in supplemental Table S3 of Jørgensen et al. (2017). Both Q1 and Q3
quadrupoles were maintained at unit resolution. Bruker MS Workstation software (Version 8.2,
Bruker, Bremen, Germany) was used for data acquisition and processing. Linearity in ionization
efficiencies was verified by analyzing dilution series of standard mixtures. Quantification of all
compounds was achieved by use of sinigrin as an internal standard.

D. LC-MS analysis–preparation of standards
The LC-MS analysis parameters are highly dependent on the type of equipment available, the setup
of the LC-MS system and the compound to be analyzed. It is therefore important to consult the
person running the LC-MS equipment prior to starting assays.
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We utilize an internal standard (e.g., sinigrin) and an external standard curve to (semi)quantitatively
measure the amount of glucosinolates that is taken up into oocytes during the assay. Based on the
external standard curve we can calculate a response factor that we can then use to calculate a
sample’s substrate concentration. Using an internal standard for analysis has several advantages
over only using an external standard curve, e.g., correction for handling during extraction, correction
for technical variation during LC-MS acquisition and it does not require running an external standard
curve every single time which reduces sample number and running costs (especially when
considering triple injection of a standard curve with 10-12 concentrations covering the linear range
of detection). The linear range of modern mass spectrometers often covers 4-5 orders of magnitude
(e.g., from as low as 1 nM to up 100 µM). The linearity should always be checked as some analytes
might show a non-linear behavior or the linear range is reduced.
1. Prepare your standard dilution series in 20% MeOH (same as samples to be analyzed). The
range of your standard dilution series should be determined empirically based on your
substrates ionization efficiency and the transporter’s activity. In our case, we prepare a dilution
series from 1 nM to 20,000 nM sinigrin in 20% MeOH.
Note: How to empirically determine the correct dilution series range? Perform an uptake
experiment and as default use a dilution series from 1 nM to 20,000 nM internal standard. If
your sample concentrations are not within the standards linear range, you should increase the
range of your dilution series or dilute your sample appropriately.
2. Prepare 11 LC-MS vials (one per standard curve concentration) and add 100 µl of the
appropriate standard curve solution in each.
3. Standard curve samples are measured by LC-MS in triplicate and an average is calculated (see
Table 2).
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Table 2. Standard curve measurements

Std 1
Std 1
Std 1
Std 2
Std 2
Std 2
Std 3
Std 3
Std 3
Std 4
Std 4
Std 4
Std 5
Std 5
Std 5
Std 6
Std 6
Std 6
Std 7
Std 7
Std 7
Std 8
Std 8
Std 8
Std 9
Std 9
Std 9
Std 10
Std 10
Std 10
Std 11
Std 11
Std 11

[nM]
1
1
1
10
10
10
50
50
50
100
100
100
200
200
200
500
500
500
1,000
1,000
1,000
2,000
2,000
2,000
5,000
5,000
5,000
10,000
10,000
10,000
20,000
20,000
20,000

Sin
Peak area
5,751
4,709
4,313
9,543
9,779
8,767
30,666
38,098
37,567
77,042
76,962
77,433
180,527
157,566
156,883
449,505
430,989
465,105
871,724
910,716
876,088
1,768,347
1,772,208
1,717,721
4,299,803
4,553,838
4,528,586
8,211,284
8,076,445
8,492,409
14,526,665
15,541,685
15,935,845

Average
4,924.3

Std dev
606.5

9,363

432.3

35,443.67

3,385.3

77,145.67

205.8

164,992

10,988.4

448,533

13,944.8

886,176

17,443.62

2,596,577

1,204,568

4,460,742

114,267.3

8,260,046

173,281.7

15,334,732 593,615.7

4MTB
Peak area
5,228
3,993
3,664
6,172
5,965
6,060
18,784
20,508
21,064
38,141
42,894
41,793
92,949
81,776
78,460
231,421
223,213
245,327
444,813
426,127
444,649
859,440
931,152
932,806
2,148,616
2,359,450
2,243,179
4,132,775
3,839,059
4,278,983
7,280,020
8,191,481
8,129,747

Average
4,295

Std dev
673.3

6,065.7

84.6

20,118.67 970.7

40,942.7

2,031.4

84,395

6,198.2

233,320.3 9,127.4

438,529.7 8,770.3

907,799.3 34,201.9

2,250,415 86,224.6

4,083,606 182,932.6

7,867,083 415,880.4

4. We plot the analyte concentration (sinigrin and 4MTB in this example) as a function of the signal
intensity from the LC-MS and calculate the linear equation to describe the relationship between
these two values (see Figure 3) (Crocoll et al., 2016).
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Figure 3. Plot of the standard concentrations relative to the peak area measured by the
mass spectrometer

We calculate the response factor (RF) between our internal standard with known concentration
and our substrate (4MTB in this example) by dividing the slope of the internal standard with the
slope of the substrate.
Note: RF values can NOT be transferred between instruments as the response of each analyte
depends on instrument settings for source temperature, ionization energy, collision gas, collision
energy and other settings that also can be specific to instruments from different vendors (Crocoll
et al., 2016).

𝑅𝑅𝑅𝑅 =

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 1)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆:4𝑀𝑀𝑀𝑀𝑀𝑀 =

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆𝑆𝑆𝑆𝑆)
1068.4
=
= 2.01
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(4𝑀𝑀𝑀𝑀𝑀𝑀) 532.02

The RF value is used to quantify the amount of substrate taken up during our transport assays.

Data analysis

Upon completion of the LC-MS analysis, we calculate the amount of transported substrate into the
oocytes. To calculate the number of mol substrate transported per oocyte we multiply the area of
the substrate with the amount of internal standard added in the sample and multiplied this with the
response factor we calculated in step D4. This value is divided by the area of the internal standard
(Equation 2, see Table 3 and Figure 4 for example data).

𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 2)
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The 50% MeOH solution in which we bust oocytes contains 1,250 nM sinigrin as an internal
standard. Consequently, we have 50 picomole internal standard in the analyte.

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =

995178 × 50 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × 2.01
= 192.6 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝/𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
516617

Table 3. Example of data analysis
Sample ID

Sample content

SIN
Counts

4MTB
Counts

4MTB
Average 4MTB
[pmol/oocyte] [pmol/oocyte]

1

AtGTR1–1 h Media
sample
200
µM 516,617
4MTB pH 5

995,178

192.6

2

Oocyte 1

486,493

5,134,249

1,013.1

3

Oocyte 2

514,072

5,294,537

988.7

4

Oocyte 3

504,650

6,395,979

1,216.7

5

Oocyte 4

496,245

5,003,937

968.0

6

Oocyte 5

506,196

4,794,273

909.2

7

Non-injected–1
h
Media sample 200 504,234
µM 4MTB pH 5

869,584

172.5

8

Oocyte 1

504,393

2,787

0.5

9

Oocyte 2

489,434

1,896

0.4

10

Oocyte 3

472,035

1,468

0.3

11

Oocyte 4

493,535

1,097

0.2

12

Oocyte 5

506,908

1,244

0.2

Standard
deviation

1,019.2

104.6

0.3

0.1

Note: These values can be plotted in a bar graph to visually compare uptake by AtGTR1-expressing
oocytes and non-expressing control oocytes.

Figure 4. Transport assay with glucosinolate transporter AtGTR1 and non-injected
control oocytes
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Recipes

1. Kulori media (pH 7.4)
90 mM NaCl
1 mM KCl
1 mM MgCl2
1 mM CaCl2
10 mM HEPES
Adjust to pH 7.4 with Tris
2. Kulori media (pH 5.6)
90 mM NaCl
1 mM KCl
1 mM MgCl2
1 mM CaCl2
10 mM MES
Adjust to pH 5.6 with Tris
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