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Supplementary Table 1. Applied gradient for liquid chromatography coupled to mass 
spectrometry (LC-MS). The mobile phase consisted of solvents A (acetonitrile−water (6:4)) and B 
(isopropyl alcohol−acetonitrile (9:1)), buffered with 10 mM ammonium acetate. 
 

Time [min] % B
0 20 

1.5 20 
4 45 
5 52 
7 66 
8 70 
9 75 

9.5 97 
12 97 
13 20 
15 20 

MS Parameters. The MS parameters in the Tune software (Thermo Scientific) were set as: spray 
voltage 4 kV, sheath gas 30 and auxiliary gas 5 units, S-Lens 65 eV, capillary temperature 320 °C and 
vaporization temperature of auxiliary gas 300 °C. Data dependent tandem mass spectra (MS/MS) were 
obtained for all precursors from an inclusion list. Data is shown after background subtraction.  
 
LC-MS - quality control and analysis sequence. All samples were randomized for the LC-MS 
analysis sequence. For pooled quality control (QC) samples, equal volumes from each sample were 
mixed and processed together with other samples. Blank and multiple QC samples were injected at the 
beginning of sample analysis sequence and after each 6 samples in order to stabilize the LC-MS system 
and to ensure the stability of instrument and analytical method (%CV < 20) throughout the analysis 
sequence.  
 
LC-MS - data analysis. Xcalibur Quan software (Thermo Scientific) was used for data analysis, 
including the generation of extracted ion chromatograms (XIC), peak integration and raw data 
visualization. The identity of each FA peak in deprotonated form [M - H+] was confirmed by matching 
its retention time and exact mass (± 5 ppm) with respective authentic standards. All data were evaluated 
for consistency of peak integration and manual integration was performed when necessary. For absolute 
quantification of FAs, the peak area ratio of analyte to spiked stable isotope-labeled internal standard 
was used.  
 
Unit definitions of applied recombinant enzymes, according to the supplier: Phospholipase A2: 1 U 
hydrolyzes 1.0 μmole of soybean L-α-phosphatidylcholine to L-α-lysophosphatidylcholine and a fatty 
acid per minute at pH 8.9 and 25 °C. Lipoprotein lipase: 1 U releases 1 nmole of p-nitrophenole per 
minute at pH 7.2 and 37 °C, using p-nitrophenol-butyrate as a substrate. 
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Supplementary Figure S1. Highly oscillatory Ca2+ responses to various levels of extracellular 
glucose. Dependence of [Ca2+]i oscillations in MIN6 cells and insulin secretion on the applied buffer 
glucose concentration. (A) In order to test the dynamics of the [Ca2+]i response, MIN6 cells were treated 
with 3 mM, 11 mM and 25 mM glucose in buffer. No, intermediate or strong[Ca2+]i oscillations were 
observed, respectively. For [Ca2+]i imaging, the Ca2+ sensor R-GECO was transiently overexpressed in 
MIN6 cells. (B) Insulin levels at sub-stimulatory glucose concentrations (3 – 5 mM) were significantly 
lower compared to those observed at stimulatory glucose concentrations (11 and 22 mM). Experiments 
for the determination of insulin secretion were performed in quadruplicate. 
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Supplementary Figure S2. Parts of the perfusion system. The perfusion chamber (A) was connected 
to acalibrated peristaltic pump (B) which transferred buffer from reservoir (C) through the perfusion 
chamber at a defined constant flow rate. Having passed the perfusion chamber, the liquid was collected 
in a reservoir (D). The perfusion system is equipped with gaskets of different sizes and shapes (E), 
allowing for the configuration of different chamber volumes and the simulation of various flow 
conditions. Assembling the system on the stage in the incubation box of the herein applied Olympus 
microscope allowed for on-line image acquisition of MIN6cell activity at 37 °C during perfusion. 
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Supplementary Figure S3. Endogenous signaling factors are essential for MIN6 cell activity. (A) 
Averaged and (B - D) representative exemplary single Ca2+ traces from MIN6 cells, stained with the 
Ca2+indicator Fluo-4. (Ai, B) Stringent washing of MIN6 cells (1.5 ml/min, black arrow) in a perfusion 
system reduced [Ca2+]i oscillations, which recovered during the following static incubation. Washing of 
MIN6 cells presumably lowered the levels of essential endogenous extracellular signaling factors, which 
were retrieved under static conditions. (Aii, C) Transfer of MIN6 cell preloaded buffer to washed MIN6 
cells immediately recovered [Ca2+]i oscillations as lost endogenous signaling factors were immediately 
replenished. (Aiii, D) Transfer of MIN6cell-preloaded BSA (0.1 %) from 2 × 106 MIN6 cells to washed 
MIN6 cells significantly increased the number of detected high-intensity [Ca2+]i oscillations. Preloaded 
FAF-BSA was expected to off-load its cargo, presumably fatty acids, on washed MIN6 cells in the well 
of the microscopy dish. Buffer and FAF-BSA were preloaded for 30 min on 2 × 106 cells. Experiments 
were conducted in the presence of 11 mM glucose. 
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Supplementary Figure S4. Stimulation of insulin secretion by the transfer of preloaded buffer to 
MIN6cells. (A) Transfer of preloaded buffer (i.e. supernatant, SN) amongst MIN6 cells significantly 
enhanced insulin secretion (MIN6 + SN MIN6). SN, pre-loaded on HeLa cells, did not significantly 
change insulin secretion from MIN6 cells (MIN6 + SN HeLa). No insulin was determined in HeLa SN 
(SN HeLa, HeLa + SN HeLa). Shown insulin data with transfer ofMIN6 SN were corrected for the 
transferred amount of insulin itself, which was determined by the transfer of SN from MIN6 cells to 
HeLa cells (HeLa + SN MIN6: 23.5 ± 12 μg/L).Experiments for the determination of insulin secretion 
were performed in quadruplicate and in the presence of 11 mM glucose. ns = not significant = P>0.05. 
**P<0.01, ANOVA, with repeated measures as necessary. 
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Supplementary Figure S5. Recovery of [Ca2+]i oscillations upon transfer of preloaded buffer to 
washed MIN6 cells in the presence of 3, 11 and 22 mM glucose in buffer. (A) Averaged and (B – 
D)representative exemplary single Ca2+ traces from MIN6 cells. (E – G) Number of detected 
highintensity[Ca2+]i events within every 60 s interval. [Ca2+]i oscillations of freshly washed MIN6cells 
immediately recovered upon addition of buffer that was preloaded on a separate population of 2x106 
MIN6 cells for 30 min at different glucose concentrations (glucose concentrations are indicated, washing 
steps are indicated by black arrows). [Ca2+]i oscillations resumed with different frequencies, depending 
on the respective glucose concentration in the preloading step. Buffer that was preloaded at 3 mM 
glucose (Ai, B and E) only induced occasional [Ca2+]i spikes, whereas buffer, preloaded at 11 mM (Aii, 
C and F) and 22 mM (Aiii, D and G) glucose induced significantly stronger effects on [Ca2+]i 
oscillations after addition to washed MIN6cells. Shown are averages of n = 22 cells per trace. Error bars 
present SD. All Ca2+ traces fromMIN6 cells were recorded with the Ca2+ indicator Fluo-4. Applied 
glucose concentrations are indicated. 
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Supplementary Figure S6. Modulation of [Ca2+]i oscillations by fatty acid-free (FAF-) BSA (0.1 
%). (A)Averaged and (B - I) representative single Ca2+ traces from MIN6 and primary β-cells, stained 
with the Ca2+ indicator Fluo-4. Addition of fatty acid free- (FAF-) BSA (0.1 %) to (B) MIN6or (C) 
primary mouse β-cells significantly reduced or stopped [Ca2+]i oscillations. (Ai+D)Oscillations in MIN6 
cells resumed after FAF-BSA (0.1 %) treatment, as FAF-BSA was replaced by buffer. FAF-BSA was 
expected to withdraw endogenous fatty acids (FAs) fromMIN6 cells and thereby to stop MIN6 cell 
activity. Replacing FAF-BSA by buffer, FA-levels were expected to replenish, along with a restart of 
[Ca2+]i oscillations. Conventional (conv.)BSA (0.1 %) or FAF-BSA (0.1 %) that was presaturated with 
L-tryptophan (Trp) or ibuprofen(Ibu) reduced, but did not terminate [Ca2+]i oscillations of (Aii+E, 
Aiv+G, Avi+I) MIN6 or(Aiii+F, Av+H) primary mouse β-cells. The FA binding capacity of BSA was 
expected to bereduced upon presaturation with Ibu and Trp. As conv. BSA was already presaturated by 
endogenous FAs, it showed only a minor effect on [Ca2+]i oscillations. (J) Number of detected high-
intensity [Ca2+]i events within every 60 s interval. FAF-BSA (0.1 %) that was presaturated with 
ibuprofen (Ibu) reduced, but did not stop [Ca2+]i oscillations of MIN6 cells. Shown are averages of n = 
30 MIN6 and n = 60 primary β-cells. Error bars present SD. Experiments were performed in the 
presence of 11 mM glucose. 
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Supplementary Figure S7. Shut down of [Ca2+]i oscillations by fatty acid-free (FAF-)BSA (1 
%).Representative (Ai) single and (Aii) averaged Ca2+ traces from MIN6 and primary β-cells, recorded 
with the Ca2+ indicator Fluo-4. (Bi - vi) Number of detected high-intensity [Ca2+]i events within every 60 
s interval. (Ci – vi) Representative, exemplary single Ca2+ traces fromMIN6 cells, stained with the Ca2+ 
indicator Fluo-4. (Ai+Aii 1, Bi, Ci) Addition of FAF-BSA(1 %) to MIN6 cells immediately stopped 
[Ca2+]i oscillations. Exchanging FAF-BSA by buffer,MIN6 cell [Ca2+]i oscillations resumed within 20 – 
30 min after the buffer exchange. FAF-BSA was expected to withdraw endogenous fatty acids (FAs) 
from MIN6 cells and thereby to stopMIN6 cell activity. In the absence of FAF-BSA, FA-levels are 
expected to replenish, leading to a spontaneous restart of [Ca2+]i oscillations. Of note, due to the greater 
capacity of FAF-BSA(1 %) to withdraw FAs, the recovery of [Ca2+]i oscillations was much slower, as 
compared to FAF-BSA (0.1 %) and FAF-BSA (0.01 %). (Ai+Aii 2&3, Bii+iii, Cii+iii) FAF-BSA (1 
%)permanently terminated [Ca2+]i oscillations when applied to MIN6 and primary mouse β-
cells.(Ai+Aii 4, Biv, Civ) Conventional BSA (conv. BSA, 1 %) and (Ai + Aii 5, Bv, Cv) FAF-BSA(1 
%), pre-saturated with tryptophan (Trp, 400 μM) diminished, but did not shut down [Ca2+]i oscillations 
in MIN6 cells. (Ai+Aii 6, Bvi, Cvi) Trp (400 μM), applied on MIN6 cells did notalter [Ca2+]i 
oscillations. n = 13 cells for Ai+Aii 1, Bi and Ci; Shown are averages of n = 30MIN6 and n = 60 
primary β-cells for the rest. Error bars present SD. Experiments were performed in the presence of 11 
mM glucose. 
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Supplementary Figure S8. Addition of fatty acid-free (FAF-) BSA (1 %) to MIN6 cells 
immediately stopped [Ca2+]i oscillations. Exemplary still images of the accompanying movie before 
and after addition of FAF-BSA (1 %). FAF-BSA (1 %) was added at 300 s, immediately terminating 
[Ca2+]i oscillations. MIN6 were stained with the Ca2+ indicator Fluo-4. Also see movie 1. Scale bars, 20 
μm. Experiments were performed in the presence of 11 mM glucose. 
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Supplementary Figure S9. Fatty acid-free- (FAF-)BSA (0.01 %) reduced, but did not completely 
stop[Ca2+]i oscillations. (Ai + Aii) Representative single (Ai) and averaged (Aii) Ca2+ traces fromMIN6 
and primary β-cells, recorded with the Ca2+ indicator Fluo-4. (Bi - v) Number of detected high-intensity 
[Ca2+]i events in MIN6 and primary β-cells within every 60 s interval. (Ci – v)Representative, 
exemplary single Ca2+ traces from MIN6 and primary β-cells, stained with theCa2+ indicator Fluo-4. 
(Ai+Aii 1, Bi, Ci) Addition of FAF-BSA (0.01 %) to MIN6 cells reduced[Ca2+]i oscillations. 
Exchanging FAF-BSA by buffer, MIN6 cell [Ca2+]i oscillations immediately fully resumed. The 
presence of FAF-BSA (0.01 %) diminished, but did not stop[Ca2+]i oscillations in (Ai+Aii 2, Bii, Cii) 
MIN6 and (Ai+Aii 3, Biii, Ciii) primary β-cells.(Ai+Aii 4, Biv, Civ) Conventional BSA (conv. BSA, 
0.01 %) and (Ai+Aii 5, Bv, Cv) FAFBSA(0.01 %), saturated with tryptophan (Trp, 400 μM) showed 
minor effects on [Ca2+]i oscillations. Shown are averages of n = 30 MIN6 and n = 60 primary β-cells. 
Error bars present SD. Experiments were performed in the presence of 11 mM glucose. 
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Supplementary Figure S10. Effects of human serum albumin (HSA) on [Ca2+]i oscillations. 
(A)Representative averaged Ca2+ traces from MIN6 cells, recorded with the Ca2+ indicator Fluo-4.(Bi + 
ii) Number of detected high-intensity [Ca2+]i events within every 60 s interval. (Ci + ii)Representative, 
exemplary single Ca2+ traces from MIN6 cells, stained with the Ca2+ indicatorFluo-4. (Ai, Bi and Ci) 
Addition of fatty acid-free human serum albumin (FAF-HSA, 1 %) toMIN6 cells immediately shut 
down [Ca2+]i oscillations. (Aii, Bii and Cii) Conventional human serum albumin (conv. HSA, 1 %) 
reduced, but did not terminate [Ca2+]i oscillations. These experimental findings are in line with 
observations from BSA experiments, indicating that observed effects are independent of the origin of 
albumin. Experiments were performed at11 mM glucose. Shown are averages of n = 30 MIN6 cells. 
Error bars present SD. Experiments were performed in the presence of 11 mM glucose. 
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Supplementary Figure S11. Termination of [Ca2+]i oscillations by fatty acid free- BSA (FAF-)BSA 
(1 %)is independent of the applied buffer glucose concentration. (Ai + ii) Representative single(Ai) 
and averaged (Aii) Ca2+ traces from MIN6 cells, recorded with the Ca2+ indicator Fluo-4.(Bi - iii) 
Number of detected high-intensity [Ca2+]i events within every 60 s interval. (Ci - iii)Representative, 
exemplary single Ca2+ traces from MIN6 cells, stained with the Ca2+ indicatorFluo-4. The effect of FAF-
BSA (1 %) on β-cell [Ca2+]i oscillations was found independent of the applied glucose concentration, 
monitoring the effect on [Ca2+]i oscillations at 3 mM (Ai+ii1, Bi and Ci), 11 mM (Ai+ii 2, Bii and Cii) 
and 22 mM (Ai+ii 3, Biii and Ciii) glucose in buffer. Addition of FAF-BSA (1 %) to MIN6 cells 
immediately stopped [Ca2+]i oscillations at 11 mM (Ai+ii 2, Bii and Cii) and 22 mM (Ai+ii 3, Biii and 
Ciii) glucose. Non-oscillating MIN6 cells at 3 mM (Ai+ii 1, Bi and Ci) glucose were not affected. 
Shown are averages of n = 30 MIN6cells. Error bars present SD. Experiments were performed in the 
presence of 11 mM glucose. 
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Supplementary Figure S12. The stimulation effect of preloaded fatty acid-free BSA (FAF-BSA) 
depends on the loading period on MIN6 cells. Representative (Ai) single and (Aii) averaged Ca2+ 
traces from MIN6 cells, recorded with the Ca2+ indicator Fluo-4. (Bi - v) Number of detected high-
intensity[Ca2+]i events within every 60 s interval. (Ci - v) Representative, exemplary singleCa2+ traces 
from MIN6 cells, stained with the Ca2+ indicator Fluo-4. Stimulation of [Ca2+]i oscillations via MIN6 
cell preloaded FAF-BSA (1 %) directly depended on the preloading period on a population of 2 ×106 
MIN6 cells and therefore on the total amount of transferred fatty acids (FAs). Pre-incubation periods are 
indicated on the right (Ai + Aii). Prolonged pre-incubation periods (from t = 2 s to 30 min (Bi-iv, Ci-iv)) 
of FAF-BSA (1 %) presumably increased the total amount of loaded and transferred FAs and induced 
enhanced stimulation of target MIN6 cells. Accordingly, increasing the concentration of preloaded and 
transferred FAF-BSA(5 %, Ai + Aii, Bv and Cv) induced enhanced stimulation of MIN6 cells. Washing 
is indicated by black arrows. Experiments were performed at 11 mM glucose. Shown are averages of n = 
30 MIN6 cells. Error bars present SD. Experiments were performed in the presence of 11 mM glucose. 
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Supplementary Figure S13. Out-competition of fatty acids (FAs) from preloaded fatty acid free- 
(FAF-)BSA stimulated [Ca2+]i oscillations. Representative (Ai) single and (Aii) averaged Ca2+ traces 
from MIN6 cells, recorded with the Ca2+ indicator Fluo-4. (Bi - iv) Number of detected high 
intensity[Ca2+]i events within every 60 s interval. (Ci - iii) Representative, exemplary singleCa2+ traces 
from MIN6 cells, stained with the Ca2+ indicator Fluo-4. FAF-BSA (1 %) was loaded on 2 × 106 MIN6 
cells for 30 min at 37 °C. (Ai+Aii 1+2, Bi+ii and Ci) Addition of preloaded FAF-BSA to washed MIN6 
cells induced occasional [Ca2+]i oscillations. BSA binders tryptophan (Trp) and ibuprofen (Ibu) were 
subsequently added in 400 μM final concentrations. Addition of either Ibu or Trp instantaneously re-
enforced [Ca2+]i oscillations in the presence of MIN6 cell preloaded FAF-BSA, hinting to a stimulation 
of MIN6 cells due toout-competition of the BSA-cargo, presumably FAs. Addition of Trp (Ai+Aii 3, 
Biii and Cii)or Ibu (Ai+Aii 4, Biv and Ciii) to non-loaded FAF-BSA (1 %) on MIN6 cells did not 
restart[Ca2+]i oscillations. Shown are averages of n = 30 MIN6 cells. Error bars present SD. Experiments 
were performed in the presence of 11 mM glucose. 
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Supplementary Figure S14. Transfer of fatty acids (FAs) by preloaded FAF-BSA stimulates 
[Ca2+]i oscillations via GPR40. (A) Averaged and (Bi - iv) representative exemplary single Ca2+ traces 
from MIN6 cells, stained with the Ca2+ indicator Fluo-4. (Ai+Bi) The GPR40 inhibitorGW1100 (10 μM) 
was spiked to MIN6 cell-preloaded FAF-BSA (1 %, 30 min preloading on 2 × 106 MIN6 cells) in 
advance of application to washed MIN6 cells. After a prominent [Ca2+]i transient, continuous [Ca2+]i 
oscillations were suppressed. In the presence of the GPR40inhibitor GW1100 (10 μM), cargo that was 
transferred by preloaded FAF-BSA was not able to exert long-term stimulation. (Aii+Bii) GW1100 in 
combination with FAF-BSA (1 %, no preloading) showed effects that were comparable to those of FAF-
BSA (1 %) alone. (Aiii+Biii)Addition of GW1100 (10 μM) to MIN6 cells gradually decreased Ca2+-
oscillations. Effects were even stronger at 25 μM (Biv). Shown are averages of n = 30 MIN6 cells. Error 
bars present SD. Experiments were conducted in the presence of 11 mM glucose. 
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Supplementary Figure S15. Interference of BSA with ELISA-based determination of insulin 
levels. (A)Determination of insulin levels from supernatant (SN, 11 mM glucose) and 
(conventional(conv.) or fatty acid free- (FAF-)) BSA (11 mM glucose), following incubation on 2 × 106 
MIN6 cells yielded insulin levels in different orders of magnitude. Determined insulin levels depended 
on the applied BSA concentrations. (B) To determine the interference caused by the presence of BSA in 
the samples, BSA was spiked into the supernatant (SN) of buffer-stimulatedMIN6 cells (11 mM 
glucose). Spiking 0.1% (conv. or FAF-) BSA into the SN (harvested from2 × 106 MIN6 cells) 
significantly increased determined insulin levels. This was attributed to the unspecific interaction of 
BSA with anti-insulin antibodies that was further enhanced in the presence of insulin in MIN6 cell SN. 
This interference was observed independently of the insulin ELISA kit applied (data not shown). (C) 
Recombinant insulin (here: μg human insulin) was spiked into 0.1 % FAF-BSA. The presence of FAF-
BSA alone (in buffer) showed background values which increased with increasing amounts of human 
insulin. (D + E) To correct for the observed interference of BSA in insulin measurements, FAF-BSA 
was spiked into SNs from MIN6 cells. Insulin levels (SN+BSA) were divided by MIN6 SN insulin 
levels to generate a correction factor (correction factor = [SN + 0.1% FAF-BSA spike] / [SN]). The 
correction factor was used to correct the BSA SN values (corrected value = [0.1 % FAF-BSA(SN)] / 
[correction factor]). Insulin levels in μg/L were determined by an insulin ELISA assay (Mercodia, 
Mercodia AB, Uppsala, Sweden) in quadruplicates per condition. Comparable effects were observed for 
ELISA kits of different brands (data not shown). Experiments were performed in the presence of 11 mM 
glucose. 
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Supplementary Figure S16. Photolysis of sulfo-coumarin caged stearic acid (Scg-SA) or the 
addition of oleic acid (OA) restarted [Ca2+]i oscillations in MIN6 and primary β-cells, after fatty 
acid free(FAF-) BSA treatment. (A) Averaged and (B - G) representative single Ca2+ traces 
from(Ai+B, Aiii+D, Av+F, Avi+G) MIN6 and (Aii+C, Aiv+E) primary mouse β-cells, stained with the 
Ca2+ indicator Fluo-4. (H + I) Number of detected high-intensity [Ca2+]i events within every60 s interval 
from MIN6 cells. Following fatty acid-free (FAF-) BSA (0.1 %) –mediated withdrawal of endogenous 
fatty acids, [Ca2+]i oscillations were reconstituted in (Ai+B, Aiii+D)MIN6 and (Aii+C, Aiv+E) primary 
mouse β-cells by (Aii+B, Aiii+C) the photolysis of Scg-SA (200 μM, λ = 375 nm) or by (Aiii+D, 
Aiv+E) the addition of oleic acid (200 μM).Photolysis of Scg-SA or the addition of OA was expected to 
replenish the pool of FAs that was withdrawn by the addition of FAF-BSA (0.1 %). Omitting (Av+F, H) 
Scg-SA or (Avi+G, I) the UV pulse, a restart of [Ca2+]i oscillations after addition of FAF-BSA (0.1 %) 
was not observed. Shown are averages of n = 30 MIN6 and n = 60 primary mouse β-cells. Error bars 
present SD. Experiments were performed in the presence of 11 mM glucose. 
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Supplementary Figure S17. Photolysis of sulfo-coumarin caged oleic acid (Scg-OA) restarted 
[Ca2+]i oscillations in MIN6 cells, after fatty acid-free (FAF-) BSA treatment. Representative, 
exemplary single Ca2+ traces from MIN6 cells, stained with the Ca2+ indicator Fluo-4.Experiments were 
performed in the presence of 11 mM glucose. 
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Supplementary Figure S18. Manipulating [Ca2+]i oscillations by phospholipase A2 (PLA2) –
mediated liberation of fatty acids (FAs) in situ and by fatty acid free-(FAF-) BSA-mediated FA 
depletion. (A) Averaged and (B – H) representative, exemplary single Ca2+ traces from MIN6cells, 
stained with the Ca2+ indicator Fluo-4. (I - K) Number of detected high-intensity [Ca2+]i events within 
every 60 s interval. PLA2 (10 U) action on (Aii+B, Ai+D, I) MIN6 and (Aiii+C)primary mouse β-cells 
directly translated in to temporally increased [Ca2+

]i oscillations that were shut down upon addition of 
FAF-BSA (1 %). (Aiv+E) Lipoprotein lipase action (500 U)induced MIN6 cell [Ca2+]i oscillations after 
washing. The PLA2 inhibitor bromoenol lactone (BEL, 10 μM) and methylarachidonyl fluorophosphate 
(MAF, 10 μM) diminished and finally stopped [Ca2+]i oscillations in (Avi+F, G, J) MIN6 and (Av+H, 
K) primary mouse β-cells. Shown are averages of n = 30 MIN6 and n = 60 primary mouse β-cells. Error 
bars present SD. Experiments were performed in the presence of 11 mM glucose. 
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