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Fig 1 Set-up for in vivo optical stimulation of deep brain structures Fig.2 Tips of the optrodes may be bevelled to

expressing ChR2 provide illumination at different angles
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The ability to control neuronal circuits by light using light-activated ion channels such as channelrhodopsin-2 * in chronic
unrestrained animals is a highly attractive method of interrogation of neuronal circuits. ChR2 can be expressed in various brain
structures and targeted to specific cellular types using either viral vectors or germ-line transgenesis. However, convenient
hardware solutions for delivery of the frequency and intensity-modulated light pulses to the selected brain areas in a chronic
experiment have not been developed. One problem which needs to be overcome are the very significant losses of power which
occur when a beam of a diode-based laser has to be conducted via fine fibres suitable for implantation into a rodent brain. Here
we present new implantable optrodes which can be coupled to a pulse-modulated blue laser (445 nm, 50 mW, “Deepstar”,
Omicron, Germany) via a fine (200 um core) and flexible optical cable. The Optrodes are manufactured of multimode
quartz/quartz glass fibres with metal coating (aluminium or gold). Optrodes with a 400 mkm core, outer diameter of 0.52 mm
and numerical aperture of 0.22 were manufactured to provide different lengths available for implantation (typically between 6
and 14 mm). Their distal ends were polished at different angles. The most effective configuration in terms of power output was
the one bevelled on two sides at a 35° angle. These Optrodes should be able to illuminate areas of at least 2x0.5 mm?. The
Optrodes are secured to the optical cable with a miniature optical connector which allows to attach the cable without causing
stress to the animal (art photonics GmbH, Germany). The optical fibre is connected to a 50 mW 445 nm laser which allows
analog and TTL control of light intensity and has a very high modulation ratio (1: 100000). An adjustable optical connector SMA-
905-DS coupled with a lens is used to allow precise focusing of the laser beam at fibre core of 100-200 mkm. Using this
hardware we were able to achieve light output from the tips of the optrodes at 36 £ 4 % (n=10) of the laser power which should
be ample for a wide range of experiments involving stimulation of brain circuits expressing ChR2.

Citation: Boyden, E. S., Zhang, F., Bamberg, E., Nagel, G., Deisseroth, K. Nature Neuroscience 8, 1263-1268 (2005).

MEPEBO/Jl Te3ncos goknaga

BO3MOXHOCTb KOHTPOJISt HEMPOHANbHbIX Liernel CBETOM C MOMOLLbI CBETa-aKTUBUPOBaHHbIX MOHHbIX KaHanoB, Taknx Kak
channelrhodopsin-2 1 npun xpoHM4yeckoM HabnwaeHUn 3a NoABEAEHNEM >KMBOTHbIX SIBASETCS BECbMa NpuBeKaTelbHbIM METOA0M
BbISIBIEHWUS HeWpOHanbHbIX Leneil. icnonb3ys BUpYCHble BEKTOPbI MW 3apoAblleBON NMHUM TpaHcreHesa, ChR2 MoxeT 6biTb
OTPa)K€HO U COAEPXaTbCA B Pa3fIMYHbIX CTPYKTYpax Mo3ra U nNpefHasHavyeHHbIX ANS KOHKPETHbIX KNETOYHbIX TUNOB,. TeM He
MeHee, yaobHble annapaTHble peleHns AN A0CTaBKM YacToTbl U UHTEHCUBHOCTb-MOAYIMPOBAHHbIX CBETOBbIX MMMY/bCOB B
BblbpaHHbIX 061aCTAX MO3ra B XpOHMYECKOM 3KCMepuMeHTe He 6binn pa3paboTtaHbl. OgHa npobnema, KoTopyto HeobxoanumMo
npeofoneTb, ABNASIOTCS OYEHb 3HaYMUTENbHble NOTEPU SHEPIUN, KOTOPblE MPOUCXOAAT, KOr4a UsnydeHne nasepa-avoaa A0SKHO
nepefaBaTbCsl C MOMOLLbI TOHKUX BOSTOKOH, MPUrOAHbIX AN UMMNAaHTauMmM B MO3T rpbidyHa. 34eCb Mbl NPeACTaB/sSiEM HOBble
mMmnnaHtTupyemble ONTPO/, KOTOpPbIA MOXET OblTb COEAVMHEH C MMMNY/IbCHO-MOAY/IMPOBAHHbLIM CUHUM flazepoM (445 HM, 50 MBT,
“tvn DEEP STAR”, Omicron, l'epmaHuns) yepe3 kabenb ¢ BOIOKHOM C cepaueBmHon 200 MUKPOH 1 nMetoLwen ceepx rmbkom yacTu.
ONTPOAbl nsrotaBNnBaOTCA U3 MHOrOMOAOBbIX BOSTOKOH CO CTPYKTYpOI KBapL/KBapL, C MNOKpbITUEM MeTanna (antoMUHUA Uam
3on0T1a). OMNTPOAbI ncnonb3oBanuck ¢ agnameTpom cepaueBuHbl 200 n 400MKM, HapyXHbIt anameTp -40 0.52 MM 1 € yncnosom



anepTtypoi 0.22 6bi1mM NnponssBedeHbl Ans obecnevyeHns pasnnyHoOW ANNHbI AOCTYNeH Ans uMnnaHtaumm (06bl4HO Mexay 6 un 14
MM). Ux anctanbHble KOHUbI 6bIIM OTRNONMPOBaHbI NoA pa3HbiMK yrnamu. Hambonee aphekTMBHOM KOHpUrypauumm B niaHe
MOLLHOCTM Ha Bbixoae 6bln 0ANH CKOLUEHHbIN C ABYX CTOPOH Ha yron 35 rpagycos. 311 OMNTPObl o6ecneunBann 3acBeTKy He
MeHee 2x0.5 MM2. B KOHCTpyKUMWM ONTpoAa NpPeAyCMOTPEHO 3aKpernsieHne Ha ONTUYeckuii kabenb C MUHMATIOPHBIM ONTUYECKUM
pa3beMOM, KOTOPbIA NO3BONSET NpMcoeamHUTb Kabenb 6e3 cTtpecca ans »xmeoTHoro (art photonics GmbH, NepmaHus). Takum
o6bpa3oM OnNTMYeckoe BOMOKHO MOAK/OYanock K nasepy 50 MBT, 445 HM, KOTOPbIX NO3BOMSET aHanoroBbiM 1 TTL KOHTpoNeM
MHTEHCMBHOCTWN CBETA U MMEET OYEeHb BbICOKUI KO3 dumumeHT moaynsiumm (1: 100000). PerynmpyeMbin oNTUYECKNIA pa3beM SMA-
905-® B coyeTaHUN ¢ 06BEKTUBOM NMO3BOSIET OCYLLECTBASATb TOUHYIO (POKYCMPOBKY sla3epHOro siy4a B BONOKHO oT 100 -200 MKM.
C nomoubto 3Toro o6opynoBaHmns Mbl cMornm aobutbcs TpaHcMmcenm ans ONTPOAOB 36 £ 4 % (n=10) oT na3epHON MOLLHOCTMU.
Takoe nanyyeHne AOCTAaTOYHO ANS LWMPOKOro CreKTpa 3KCNEPUMEHTOB C yY4aCTUEM CTUMYMALMW MO3rOBbIX Lienen, BbipaXxatoLmx
ChR2.
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Optogenetic stimulation of astrocytes expressing channelrhodopsin-2 activated chemoreceptor
neurons via an ATP-dependent mechanism and triggered robust respiratory responses in vivo. This
demonstrates a potentially crucial role for brain glial cells in mediating fundamental physiological reflex [1].

New implantable optrodes which can be coupled to a pulse-modulated laser (405-475 nm, 50
mW,) via a fine (200-600 um core) and flexible optical cable. The optrodes are manufactured of
multimode quartz/quartz glass fibres with metal coating (aluminium or gold). Optrodes with a 400 mkm
core, outer diameter of 0.52 mm and numerical aperture of 0.22 were manufactured to provide different
lengths available for implantation (typically between 6 and 14 mm). Their distal ends were polished at
different angles. The most effective configuration in terms of power output was the one bevelled on two
sides at a 35° angle. These optrodes should be able to illuminate areas of at least 2x0.5 mm?2. The
optrodes are secured to the optical cable with a miniature optical connector which allows to attach the
cable without causing stress to the animal (A.R.T. Photonics GmbH,Germany)[2]. The laser which allows
analog and TTL control of light intensity and has a very high modulation ratio (1: 100000) and controlled
by spectrometer FSD-9[3].
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An optogenetic actuator similar to ChR2 called Chief-TdTomato was expressed in the brainstem DVM
neurones which provide inhibitory inflow to the heart via vagus nerve. Recordings were made from acute
slices from transduced neurones from in pre-injected rats (7 days later). Light was delivered via a flat tipped
optrode.positioned next to the slice.

Fluorescent signal can be provided by a variety of cell dyes or fluorescent proteins. In our research, the analog of
EGFP gave successful results. Monitoring system includes illuminating light sources, custom Y -shaped fiber bundle
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