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Multifunctional Optical Fibers for Optogenetics
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State Key Laboratory of Luminescent Materials and Devices, South China University of Technology,
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Abstract Optogenetics is a technology that integrates optics, genetics, and genetic engineering to accurately control the
activity of neurons. With the unique advantages of high spatial, temporal resolution and cell type specificity, optogenetics
overcomes many shortcomings of traditional methods to control the activity of cells, and provides a revolutionary research
method for the field of neurology. The applications of optogenetics technology are governed by the functional neural
probes. In recent years, multifunctional optical {iber probe has attracted much attention due to its photoelectric functional,
small size and high biocompatibility. First, the basic functions of optogenetic neural probes, the classification of neural
probes and the preparation methods of integrated neural probes are introduced. Second, typical applications of
multifunctional optical fiber probes in optogenetics are reviewed. Finally, existing problems and possible solutions of
multifunctional optical fiber used in optogenetics are discussed.
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Fig. 1 Schematic diagram of neural probe using laser as light source, optical fiber as optical signal transmission channel, and metal

electrode wire as electrical signal channel"”
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Fig. 2 Schematic illustration of the fabrication of integrated probe. (a) Design of prefabricated bars for composite materials
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(b) schematic diagram of hot stretching process principle™”; (¢) preparation of a typical hydrogel probes”"; (d) schematic
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Fig. 3 Schematic diagram of the multifunctional probe prefabrication and the application of a living mouse. (a) Schematic diagram of

fabrication of optical fiber probe precast; (b) electrophysiological signals at 2 days, 1 week, 1 month, and 2 months after the

probe was implanted in the mPFC of mice and subjected to synchronous photogenetic stimulation™”
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Fig. 4 Schematic diagram of the preparation of an all-polymer neural probe and its good biocompatibility. (a) Fabrication and thermal
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stretching of prefabricated rods including recording electrodes, optical waveguides, and microfluidic channels; (b) confocal
microscope images of glial scar formation and blood-brain barrier breach around the implanted probe and stainless steel

microwires at 1 month respectively (scale bar is100 pm)*”

1316015-4



% T —F i CPE MU &40 50 590 (1 B8 2 i 5 i 2
EYMEAMEH(gCPE), 5 CPEM L, F IR gCPE R H
B T 41% . WFFE AN B LLPC AL (LA COC Al
JZ UL 64> gCPE Ay H A i 75 101 il 4%, 4% Ji5 A4 A o 75
100 m M SEEF 3 o I8 2 Fir A 2 50, F W R Bl IS 4R i
RESF k7N B 20~30 pm, 107 EH A JE 1 #] 50~
80 pm, fiw £ flf B > 4 R 45 M B &L 180~
220 pm. P2 0T ) 4R A7 B9 90 SR S 0 A B AR
PEZE AR T HAE A T S ol ke . R B
RN KIG 1A G, S5 A AR A 2 A1 H I IR
LG 5 B 28 A T R D R SE T R AN B R
A=A A 4(b) U T R o BIFSE N BLIRK AR AL
FH A O X3RN 42 52 HL % b ChR2 Rk 19 sh &0k
LA BRI ST op, E — 2B RO Tz AL G AR SR AR Y S
FHHE

2020 4%, Du g LR f 24 T Al A T —Fh R
P 2R HE R EE S th ] T (5 5 id R
G JE VEURRORIT 06 0 8 %) UL 2 0 S S R AL . DA
PC REFE BRI MR &M (PVDF) N2 R B 3t
B2 B R (PMMA) Sk 4h 41 )2, il 4 PC-PVDF-
PMMA & & Wil 4, 38 1 457 ers 4 Bl i A 210Dk
ZF P 3K R OBUA 2 I 5 TR G BR A N TR
155 10 SR 10 4 Ja F R U ik A TE JC T 5 AN )2 . R
R 45 R T AN AR T R AR B AL vk R
LA LS WU BE DA B E B BT . [, B A
FRGF/NCREANAT 0.3 g) (R IGME S RV P

F60EFE 13H1/2023 £ 7 A/ B ERBFEHE
A% i P e vk DA N L BT S A . A B R G2 5
B SEH0 TR AN B 20 B (LA B A ) A I
R (20 10 J&) 1 R 28 6 27 JNEOR #2245 50 5k o
{5 L 2R AW HET 1Y 6 £5, Rk 30 dB.

2021 4F , Park 5" 75 A5 0L Mk 2 20 11 BROK BB e I 5
Wil 5 T — Bl b 22 bR A G S A L £ T RERR AT
IZPRE A A 0 S s B L 1 A N S iR R A A
i B 1 5 Ca) B, B K S R4 FE ) U A K B
B 2 I 3R B R A 0% 2 M EE A A RS R BT DA JE] R 4
AU WK 43 515 A SR IO PR ik RS . RN L
Se i AR A5 B PC IS A COC A J2 41 i 54> 1)
RECEr DL & 7T B TE PETE)Z Y Sn 4k
20 A T e B R A DL R T AU A4 38 JE 1Y PETAS .
R T FE 53 FIH AEE 1 B4 AL R Ak 27 R e (] s A 52 e R
A PERE  FE K BE I B BT P AR B T B AR AL i A
PEAL & 1A 30 Tk H B B 1) K 3 4 Al A 3 T
H T 4R A 7K R M 0T P A A, R S e 2 L 2L 2 )
HUARCPE RE (1 AN DL BC A 2] T 23t o 7K BB MR8 i A A%
bR R BT 2 i ok R b SR £ B 0 T 3, A R AT Y
25t R BT AR TR R RS B Al R R R A .
FE N 5 BREE 5 5 8] LA 28 41 400 R g AN AR g S R
I W B S(b) TR o AN, R 58 42K Ak 1 K
Jig 22 1 S8R A 1 2 S (0 A5 R A T 75 A B e B iy
B0 A E AR ARG Z 3 0R 1aRE BY K A YA
e BIREI A A Bz 3h ey /N BUIR b R R ER 0
T ER A KIL 61 H o

“la
® /Dried probe ®) steel
Brain tissue
" Y
—  Water diffusion— -
Stiff enough g -
to penetrate = >E
Swelling ° =
—_ -—
» e -—
— -—
<10 min 55 =

i S
High bending stiffness Low bending stiffness

-
Mises stress (Pa)

During implantation After implantation

PSR BEIEARET 1 E D 25 W2 B 5 e 2 2 0 B LB B i D TRC P o () 1 g 25 0 O 2 B B U T 5 (b) AN BB A . — 4l ALtk A

PC £F 4 L) K K B Je 2 678 il 41 SR 1 342 3 6F 0 il 41 20 79 Meises B g 43 A
Fig. 5 The adaptive bending stiffness of hydrogel hybrid probes and its high matching with mechanical properties of nerve tissue.

(a) Description of the concept of adaptive bending stiffness; (b) Mises stress distribution of stainless steel, silica, PC fibers, and

hydrogel hybrid probes in brain tissue during lateral micromotion™
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Fig. 6 Schematic diagram of the design of LOEF and the demonstration of its light leakage. (a) Three functions of LOEF;

(b) schematic diagram of the principle of light leakage by laser ablation of the micro-window; (c) different light leak intensity

from a pattern of a single, 110, and 2X 10 micro-windows (from right to left); (d) image of fluorescent nanobeads in gelatin

surrounding the LOEF showing the spatial distribution of light leak™”
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Fig. 7 Schematic diagram of the multifunctional neural probe to simplify optogenetic experiments. (a) Schematic comparison of two-

step operation performed by photogenetic experiment and one-step operation performed by multifunctional fiber probe;

(b) schematic illustration of simultaneous viral delivery, optical stimulation and electrical recording in mPFC of mice with fiber

probe; (¢) integration of fiber probe photoelectric function with microfluidic channels®* "
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