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Supplementary Fig. 1. Performance of the biofuel cell sensor under different pH values inside the small
intestine. a, The response of the biofuel cell sensor was tested at 0, 3, 30, 60, and 90 mM glucose under the
physiological range of pH levels inside the small intestine. b, Voltage signals at different pH levels in the
absence of glucose. Data are presented as mean values +/- SD. Error bars represent the standard deviation
between multiple sensors tested, n = 3 independent experiments were performed.
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Supplementary Fig. 2. Oxygen dependency study. a, Voltage at constant load of 200 kQ at variable N>
purging times: 30 mM glucose at normal air conditions (blue solid line), after 5 min of N, purge (orange
line), 10 min of N2 purge (gray line), and 15 min of N, purge (black line). b, Cathodic cyclic voltammograms
at different O, concentrations in the electrolyte purging N, for 15 min (blue), 8 min (red), 5 min (orange),
0 min (gray), or O saturation bubbling for 10 min (black). ¢, Calibration curve derived from cathodic
current peaks (Epc) of b from the cyclic voltammograms at 0.35 V vs. Ag/AgCl. Data are presented as mean
values +/- SD. Error bars represent the standard deviation between multiple sensors tested, n = 3
independent experiments were performed.
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Supplementary Fig. 3. Performance of the biofuel cell sensor under different oxygen values inside the
small intestine. The response of the biofuel cell sensor was tested at 0, 3, 30, 60, and 90 mM glucose under
the physiological range of oxygen (O2) levels inside the small intestine. The pH value of the solutions was
set to 6.8. Data are presented as mean values +/- SD. Error bars represent the standard deviation between
multiple sensors tested, n = 3 independent experiments were performed.
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Supplementary Fig. 4. Performance of the biofuel cell sensor under different temperature values inside
the small intestine. The response of the biofuel cell sensor was tested at 0, 3, 30, 60, and 90 mM glucose
under the physiological range of temperature levels inside the small intestine. The pH value of the solutions
was set to 6.8. The oxygen concentration was set to 2%. Data are presented as mean values +/- SD. Error
bars represent the standard deviation between multiple sensors tested, n = 3 independent experiments were
performed.
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Supplementary Fig. 5. BFC glucose calibration curve at 15 min N purging. The voltage response of the
BFC towards glucose was tested by increasing the glucose concentration from 0 to 110 mM. A quadratic
regression (red curve) was applied to the experiment to obtain the quadratic equation and coefficient of

determination (R?). Data are presented as mean values +/- SD. Error bars represent the standard deviation
between multiple sensors tested, n = 3 independent experiments were performed.
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Supplementary Fig. 6. Percentage of change during stability experiment. The frequency change obtained
from the BFC while its immersion in 60 mM glucose was evaluated for 3 hours. To calculate the percentage
of change, frequency values were taken at 1, 2, and 3 hrs. of starting the experiment. The difference between

such values and the initial value at 0 hrs. was divided by the frequency point at 0 hrs. and multiplied by
100.



a b

Voltage recording before and after glucose addition Voltage difference after glucose addition
0.2
0.490 al — With artificial mucus
UCOSE  —— without artificial mucus
addition

0.4554
S =
< 0.11
w 0.4204 u

0.3854

0.350 T T T T T T 0.0 T " e ) A

0 3 6 _9 12 15 18 Artificial Intestinal fluid Artificial Intestinal fluid
Time (min}) with mucus without mucus

Supplementary Fig. 7. Biofouling study with artificial mucus a, Signal recording of the biofuel cell sensor
in the presence of artificial mucus (red curve) and in the absence of artificial mucus (green curve). After 90
sec of recording, glucose was injected into each solution. The voltage difference (AE) was calculated by
the difference between the signal after glucose injection and before glucose injection. b, Comparison of the
voltage difference obtained in the presence and absence of artificial mucus.
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Supplementary Fig. 8. Retention time of the capsule device inside the stomach. a, x-ray comparison before
and after 6 hours of delivery of capsule inside the stomach. b, x-ray comparison before and after 10 hours
of delivery of capsule inside the stomach. c, x-ray comparison before and after 14 hours of delivery of
capsule inside the stomach. d, x-ray comparison before and after 20 hours of delivery of capsule inside the
stomach.
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Supplementary Fig. 9. Different angles of contact between capsule device and artificial intestinal fluid.
The capsule device with the BFC sensors integrated was immersed in artificial intestinal fluid at 45, 90,
135, and 1809 The voltage signal obtained was recorded at each angle of contact.
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Supplementary Fig. 10. High pass filtered data from Figure 4b-i from the manuscript. (top) Data unfiltered.
Domains 1 and 3 represent the plateau sections. Domain 2 represents the raising step. (bottom) High pass
filtered (Fc = 10 mHz).
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Supplementary Fig. 11. High pass filtered data from Figure 4b-ii from the manuscript. (top) Data
unfiltered. Domains 1 and 3 represent the plateau sections. Domain 2 represents the raising step. (bottom)
High pass filtered (Fc = 10 mHz)
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Supplementary Fig. 12. High pass filtered data from Figure 4b-iii from the manuscript. (top) Data
unfiltered. Domains 1 and 3 represent the plateau sections. Domain 2 represents the raising step. (bottom)
High pass filtered (Fc = 10 mHz)



Fig. 4c - Unfiltered

100
N
T
=
> 90
o
=4
[}
3
g
& 80
-
)
70 " 1 2l la 1
0 50 100 150 200 250 300
Time (min)

Fig. 4c - High Pass Filtered (Fc = 10 mHz)
T T

L}
'

IGL Frequency (kHz)
o

H
0 50 100 150 200 250 300
Time (min)

Supplementary Fig. 13. High pass filtered data from Figure 4c from the manuscript. (top) Data unfiltered.
Domains 1, 3, and 5 represent the plateau sections. Domains 2 and 4 represent the raising step. (bottom)
High pass filtered (Fc = 10 mHz)
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Supplementary Fig. 14. High pass filtered data from Figure 4d from the manuscript. (top) Data unfiltered.
Domains 1 and 3 and 6 represent the plateau sections. Domain 2 represents the raising step. Domains 4 and

5 represent the decay step. (bottom) High pass filtered (Fc = 10 mHz).
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Supplementary Fig. 15. Low pass filtered data from Figure 4b-iii from the manuscript. (top) Data
unfiltered. Domains 1 and 3 represent the plateau sections. Domain 2 represents the raising step. (middle)

High pass filtered. (bottom) Low pass filtered data (Fc = 10 mHz).
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Supplementary Fig. 16. Solid food effect on the BFC sensor. (Left) Voltage signal recording was
performed on the BFC sensor without solid food content (green curve) and with solid food (cracker crust)
content (red curve). The voltage difference (AE) after glucose addition was calculated by the difference
between the signal at 100 s and 600 s of the test. (Right). Voltage differences calculated after glucose
addition without solid food and with solid food.

11



