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Figure 6: Living Electrode Survival, Integration, and Function !"#$!%& (A) Phase image of a bidirectional
MTENN prior to implantation; aggregates have been internalized to the microcolumn. (B) Multiphoton image of the
MTENN from (A) at one-month post-implant, showing GCaMP-positive y“TENN neurons and processes within and
immediately surrounding the construct. At one month, the dorsal aggregate had descended into the microcolumn,
suggesting externalized aggregates may be required to maintain a cohesive neuronal population at the surface.
(C-E) Confocal image of a yTENN at one-month post implant, with synapsin® puncta at and around the
MTENNY/brain interface. Shown are y-TENN neurons (GFP; green), synapses (synapsin; purple) and nuclei
(Hoechst, blue). (F-H) Zoom-ins of inset from (E) with colocalization of synapsin and GFP suggesting synaptic
integration. (I) Phase image of a GCaMP+ uTENN prior to implant. Inset refers to (J) showing the dorsal
aggregate. (K) Multiphoton image of the dorsal aggregate of the yTENN, acquired immediately post-implant. (L)
Conceptual schematic of the yTENN and cranial window. Inset shows in more detail the PDMS rings (P) sized to
the skull craniotomy (SK) securing the glass coverslip (G) and protecting the implanted yTENN and underlying
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brain (BR), which may then be imaged chronically (orange arrows). (M) Single frames from multiphoton recording
of the uTENN from (a-b) at 10 days post-implant during low activity (left), breathing (middle), and non-artifact
neuronal activity (right). ROls approximating single neurons are outlined. The LUTs scale (0-4096) is provided
below. (N) Time course of calcium fluorescence from (E), showing the individual ROls (grey/red) and average
fluorescence across the aggregate. The red trace represents the ROI outlined in red in (E). Numbered arrows
denote timestamps from (E). A sample of the recording can be found in Supplemental Video 3. (O) Fourier
transform of the data from (F), showing spectral peaks due to the breathing rate as measured during imaging
(red) and neuronal activity (green). Inset shows low-frequency activity similar to that observed in vitro. Scale bars:
500 pm (B); 100 ym (A); 50 pm (C); 10 ym (F); 100 pm (1); 50 pm (J, K); 20 pm (M).
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Supplemental Videos 1 & 2: Calcium Imaging within h TENNSs.

The two videos show spontaneous network activity within y TENN aggregates, visualized with the
genetically encoded calcium reporter GCaMP6f. Video 1 shows the same yTENN aggregate shown in
Figure 6E. Video 2 shows a bidirectional yTENN approximately 1.1mm in length, imaged at 10 days in
vitro. Note that GCaMP activity can be seen in both the aggregate and axonal regions of the yTENN.

Supplemental Video 3: Simultaneous Optical Stimulation and Recording.

This video shows the RCaMP"* aggregate of a ChR2/RCaMP uTENN approximately 6mm in length,
imaged at 10 DIV during an optical stimulation/recording experiment. Red arrows indicate optical
stimulation of the ChR2" aggregate (outside of the field of view) at 470 nm. Output power at the optical
fiber for the pulse trains was 106, 211, 317, 423, 528, and 634 mW/mm?; corresponding to 50, 100,
150, 200, 250, and 300 mA current amplitude, respectively. An increase in the RCaMP™ aggregate
fluorescence can be seen as the intensity of the pulse trains increases over time.
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