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Figure S1, related to Figure 1.

Top. Histological verification of lesions: examples of tyrosine hydroxylase (TH)
immunolabeling across striatum (A) and substantia nigra (B) in control and 6-OHDA lesioned
animals. Control animals presented an intense labelling in the striatum (putamen and
caudate nucleus) and substantia nigra in both hemispheres (top panels). Lesions performed
in one hemisphere induced a pronounced loss of labelling in both striatum and substantia
nigra on the ipsilateral side (middle panels). In bilaterally lesioned animals both sides were
strongly affected, showing a much smaller tissue reaction compared to control (bottom
panels). Bottom. Behavioral effects do not significantly outlast the stimulation. On average
the motility and frequency, duration and distance of locomotion bouts were not significantly
different following SCS compared to pre-SCS values suggesting that the immediate effects of
SCS assed in these experiments do not outlast the stimulation period. The pre-SCS period
was defined as the 30 seconds immediately before SCS on-set, while the post-SCS period
was defined as the 30 seconds immediately after SCS off-set. All significant group
differences are indicated in the respective panels (omnibus tests [p<0.05] were performed,
followed by post-tests on all pairs * p<0.05, ** p<0.01, *** p<0.001; Motility: Friedman
followed by Wilcoxon signed rank test, Bout frequency: Chi-square test followed by two-
proportional z-test, Bout duration and distance: Kruskal-Wallis followed by Wilcoxon rank
sum test).
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Figure S2, related to Figure 2 and 3

(A,B) Reliable spike and LFP recordings during SCS ON periods were obtained
following off-line removal of stimulation artefacts. (A) Off-line removal of stimulation
artefacts was performed based on clear differences to normal spike-morphology as well as
the coincident detection in several recording channels (stimulation artifacts are encircled to
the right whereas the yellow cluster represents a single unit recorded concurrently in the
same channel). (B) Example of a low-pass filtered (<300 Hz) voltage trace. Timestamps for
SCS pulses were extracted from a trigger channel and are marked here with red triangles.
Timestamps of unit spike activity were extracted from the wide-band signal as in A and are
marked here with blue triangles for comparison. SCS artifacts were often clearly visible in the
low-pass filtered traces, but were well confined to a few milliseconds around each pulse.
Note that the firing rate of the identified neuron is in this case relatively unaltered as the SCS
is turned on at t=0. It is also interesting to note that parkinsonian LFP beta-oscillations are
distinguishable prior to SCS on-set even in the raw data trace. (C) Time extended version of
Figure 3A showing the firing rate modulation after the SCS period (red bar) at different
stimulation frequencies.
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Figure S3, related to Figure 2 and 3

(A) The intact animal showed no increase in LFP
beta-power. In control experiments LFP power spectra
were obtained from an intact animal. Average LFP power
spectra from an example recording normalized to the pink
noise background are shown for the different structures
(shaded area denotes the bootstrap-estimated
confidence interval of all the electrode pairs in each
structure). Note that no indication of exaggerated LFP
beta-power can be found in any of the recorded
structures. (B) Spinal cord stimulation causes
physiological changes resembling the effect of
levodopa treatment. Histograms showing the
quantitative resemblance to the intact hemisphere (4 left
panels) and the L-DOPA treated condition (4 right
panels), respectively, for each 4s-epochs of the SCS
recordings (SCS OFF=black and SCS ON=red). Lighter
colors (gray, pink) denote periods of motor activity, while
dark colors (black, red) are periods where the animal did
not move. Note that while an active behavioral state in
parkinsonian animals significantly shifted firing rate and
LFP spectral contents towards the intact/L-DOPA treated
state, this effect was much smaller than the SCS-induced
LFP changes (effect-sizes, as fraction of total variance
explained, eta-squared, is given under each pair of
histograms OFF/ON; two-way ANOVA).
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Figure S4, related to Figure 2, 3, and 4

(A) Evoked potentials following single SCS pulses suggest direct activation of primary
somatosensory structures via the dorsal column-medial lemniscal pathway. Average
responses following a single SCS pulse (n=1000 pulses delivered at 1 Hz). The left and the
right columns show the same data, but with different time resolution (left column: -20 to +50
ms and right column -20 to 250 ms). Earliest neuronal responses were recorded in the VPL
thalamic nucleus (top row) followed by the S1 cortex (second row). The shaded area from 0
to 4 ms indicates the stimulation artifact. Each trace shows the normalized difference in
electric potential between two electrodes in the same structure. The bottom row shows the
standard deviation across all traces from the same structure, normalized to the standard
deviation of the baseline (‘standardized field power’). This quantity can be interpreted as a
consolidated measure of activation in a given structure. Approximate onset and peak
latencies are summarized in the table to the right.

(B, C) Stimulation phase-locks LFP-oscillations to each stimulation pulse and
desynchronizes cortical beta-oscillations. (B) Spectrograms showing the average change
in LFP-power resulting from pairs of SCS pulses separated by 50ms (stimulus-related
spectral perturbation). Warm colors indicate an increase relative to pre-stimulus baseline,
while cool colors indicate a decrease. Black isolines indicate p=0.01 (bootstrap). Paired
pulses strongly suppressed beta oscillations in sensory and motor cortex (blue areas around
300 ms). (C) Phase-locking index shown as a function of frequency and time for repeated
single-pulse stimulations (an index of 1 means that the phase is identical in all trials, while 0
means that the phase is random). While single pulses did not suppress low-frequency
oscillations an abrupt phase-reset that resulted in phase-locked beta-oscillations up to 200
ms after an incoming pulse was observed in several structures.

(D, E) Desynchronization of beta oscillations through destructive LFP-interference. (D)
Motor cortex responses to single pulses (left column) and paired pulses with 50ms inter-
pulse interval (right column) as measured by evoked potentials (top row), spectrograms of
the evoked potentials (second row), stimulus-related spectral perturbations (third row) and
phase-locking indices (bottom row). Black isolines in heat maps indicate p=0.01 (bootstrap).
An increase in the beta band can be seen in the evoked potential of the single pulse (first
and second row, left column). This increase is a result of the phase-locking seen in the left,
bottom row, since there is no corresponding increase in the beta power calculated from the
unaveraged traces (third row, left column). By contrast, two pulses with 50ms spacing induce
a beta power suppression that persists for several hundred milliseconds (third row, right
column). (E) The paired pulse desynchronization effect is not obtained when using an IPI of 8
ms, which is substantially shorter than half the period of the beta oscillation. Together this
suggests that the observed beta suppression is a result of destructive interference between
oscillations with opposite phase.



Supplemental Experimental Procedures

Animals

Five adult male common marmosets (Callithrix jacchus) 300-550g were used. The animals
were housed in pairs in cages (1.0 x 1.0 x 2.3 m) in a vivarium with natural light cycle (~12/12
hours) and outdoor temperature and humidity. All animal procedures were carried out
according to approved protocols by AASDAP Ethics Committee and strictly in accordance
with the National Institute of Health Guide for the Care and Use of Laboratory Animals (NIH
Publications No. 80-23). This project was approved by SISBIO/Brazilian Institute of
Environment and Natural Resources under No. 20795-2.

Symptoms observed in the parkinsonian marmosets

(1) Hypokinesia: a general reduction in motor activity (motility, grooming, climbing,
vocalizing)

(2) Bradykinesia — noticeable slowing of the execution of movements

(3) Episodes of freezing — brief periods of sudden immobility when initiating quadripedal
locomotion or goal directed reaching

(4) Uncoordinated gait — inaccurate positioning of the limbs and wobbling of the trunk
during locomotion (in the literature referred to as clumsy, poor-balanced gait; Eslamboli,
2003).

(5) Difficulty in changing to bipedal stance — noticeable in the reaching task, when, in order
to reach the food present in higher positions, the task requires a bipedal posture.

(6) Akinesia - long periods (up to 30 seconds) with complete lack of spontaneous motor
activity in awake animals.

(7) Rigidity — particularly noticeable in forelimbs during extension.

(8) Slowed alarm response — animal would not respond to vocal alarm signals from other
mates (only occasionally observed)

(9) Slowed climbing — observed in home cage. Analogous to locomotion on ground but often
more pronounced (when slowing of locomotion was observable only in climbing,
bradykinesia was classified as moderate)

(10) Balance - difficulties to maintain a resting position supported on four limbs while on
tree branches

(11) Episodes of hypomimia — reduction of the marmoset’s typical behavior of maintaining
eye contact and impaired inability to display facial expression in response to interaction with
care givers

(12) Ipsilateral head position bias in relation to lesion - noticeable during the first few weeks
after lesions

(13) Reduced fine motor skills - difficulty in reaching and grasping small food objects



(14) Reduced gross motor skills — difficulties in grasping branches (less commonly observed)

Manual assessments of motor disability

Motor disability during recording sessions when the animal was placed in the transparent
acrylic chamber was scored by an observer blinded to treatment conditions using a rating
scale adapted for the common marmoset (Bankiewicz et al., 2001; Fahn and Elton, 1987;
Hansard et al., 2002). Eight different symptoms were rated according to four levels of
severity ranging from no occurrence [0] to maximum severity [3], except fine and gross
motor skills [0-6] and bradykinesia [0-9]. The rated symptoms were:

Freezing

[0]: Unhindered to move the body and show normal use of the limbs, e.g., in finding and
grasping marshmallows in the reaching task

[1]: Difficulties in starting to walk, or in the initiation of particular movement when walking.
For example, when reaching for a marshmallow, the start of the reaching movement is
delayed. In these cases the freezing episodes are short.

[2]: Same as in [1], but the freezing episodes have a longer duration - between 5 and 10
seconds.

[3]: Same as in [1], but freezing episodes last over 10 seconds.

Gait and locomotion

[0]: Walks normally according to its pre-lesion locomotion patterns, with symmetrical limb
use.

[1]: Shows reduced walking activity and walks with mild asymmetry.

[2]: Walks slowly, with asymmetry, and occasionally drags a limb (usually a hindlimb).

[3]: Unable to walk

Fine motor skills (scored for each arm independently)

[0]: Normal ability to grasp marshmallows.

[1]: Grasps with difficulty.

[2]: Grasps with difficulty and requires one arm to support the stance while using the other
to grab the marshmallow.

[3]: Totally unable to grasp marshmallows.

Bradykinesia (scored independently for limbs and trunk)

[0]: No difficulty in initiating or performing rapid and precise movements.

[1]: Difficulties in initiating movements and displays smoother and slower movements when
reaching for marshmallows or moving around in the box spontaneously

[2]: Clear delay in initiating movements and shows a marked slowing of movements in
reaching and in spontaneous motor activity in the box

[3]: Totally immobile

Hypokinesia
[0]: moves freely and is alert and responsive
[1]: reduced activity, moves with less speed



[2]: low spontaneous activity, moves when provoked
[3]: Totally immobile

Coordination and body balance

[0]: normal stance and coordination

[1]: compromised coordination but changes from quadrupedalism to bipedalism, without
falling

[2]: compromised coordination, unstable locomotion with occasional falls

[3]: face down or lying in supine position unable to maintain any kind of stance.

Posture

[0]: normal posture

[1]: somewhat altered posture when standing such as wider positioning of limbs, resting
with limbs and tail in abnormal body position

[2]: hunched posture, abnormal trunk position; abnormal head posture (neck flexed or
inclined to one side)

[3]: unable to maintain posture, lying in the supine or lateral position

Gross motor skills (scored for each arm independently)

[0]: normal limb use when grasping larger objects

[1]: reduced ability to grasp larger objects to support body weight
[2]: rarely is able to grasp larger objects to support body weight
[3]: unable to grasp and hold large objects/structures;

To eliminate any inter-individual variability, the rating of the symptoms of each animal was
done in comparison to the motor performance of that individual prior to lesioning. In the
summed PD-score each symptom was normalized separately to its maximum severity score.
Assessments were first performed six hours after systemic AMPT-treatment and continued
during the following spinal cord stimulation experiment.

Automatic quantification of motor activity

Spontaneous motor behavior was recorded in a transparent acrylic chamber to which the
animals had been previously habituated. Locomotion and general motility was automatically
guantified from digital video recordings obtained from two orthogonally positioned cameras.
Custom written Matlab code was used to calculate movements from the videos. A measure
of general motility was computed from the changes in pixel intensity in successive image
frames. The motility index was then defined as the fraction of video frames with more than
150 significantly changed pixels (approx. 6 cm?). To quantify motion bouts an ellipsoid was
projected and fitted to the foreground area in the respective camera images, enclosing the
torso. Translational movements of the ellipsoid in 3D were used to estimate frame-to-frame
velocities during locomotion bouts.

Statistical analyses of locomotor behavior



To test for significant differences in locomotor behavior the following statistical tests were
applied:

Motility — the average motility during each condition was calculated for each recording
session and was then compared using a paired non-parametric test (Wilcoxon signed rank).
Bout frequency — the proportion of time periods containing locomotor activity was
compared using a two-proportion z-test.

Bout duration and distance — individual bouts were pooled from all recording sessions and
the duration and distance of the individual bouts were compared between conditions using
a non-parametric unpaired test (Wilcoxon rank sum).

In the case of multiple comparisons on the same measure between conditions pairs (Fig. S3)
these tests were preceded by an appropriate omnibus test (Motility: Friedmans, Bout
frequency: Chi-square, Bout duration and distance: Kruskal-Wallis).

Analyses of significance were performed using either Matlab functions or GraphPad Prism
5.04 software.

Surgical procedures

All surgical procedures were carried out under antiseptic conditions. Animals were initially
sedated with ketamine (10-20 mg/kg i.m.) and Atropine (0.05 mg/kg i.m.) followed by deep
anesthesia with isoflurane 1-5% in oxygen at 1-1.5 L/min during the surgery.

6-OHDA lesions

Two microliters of 6-OHDA solution (4 mg/mL, 0.05% ascorbic acid, saline) was injected with
a 32 gauge syringe at 0.5 uL/min into the medial forebrain bundle in the following five
locations (interaural AP/ML/DV): 6.5/1.2/6.0; 6.5/1.2/7.0; 6.5/2.2/6.5; 6.5/2.2/7.5;
6.5/3.2/8.0 (modified from Annett et al. 1992). Anteroposterior coordinates were corrected
according to the dimensions of the skull of each animal (Stephan et al., 1980). Following
surgery, the animals received non-steroid anti-inflammatory analgesic (flunixin meglumine
1mg/kg, s.c.) for 3 days, dexamethasone (0.5 - Img/kg, i.m.) for 5 days and enrofloxacin (5
mg/kg, s.c.) for 7 days. The same procedures were used for the second contralateral lesion
and after the implantation of recording arrays and stimulation electrodes.

Recording electrodes

Six small holes were drilled in the cranium for insertion of stainless steel screws used to
secure the implant and serve as ground connections for later recordings. Two craniotomies
for the electrode arrays in each hemisphere were then performed. Meninges were carefully
removed and the cortical surface was kept wet using sterile gauze soaked with saline
solution. Electrodes were stereotactically implanted using a micromanipulator targeting the
following coordinates (interaural AP/ML/DV): MI: 10.0/6.5/14.4; SI: 8.0/5.2/15.6; Put:
8.5/6.5/11.5; GPi: 8.0/3.5/7.8/13.2; GPe: 8.0/5.2/8.8/12.2; VL: 5.5/3.7/10.5; VPL:
4.5/4.3/9.2; STN: 5.5/3.7/7.6. After implantation, electrodes and connectors were fixed to
the skull with dental acrylic.
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Stimulation electrodes

Stimulation electrodes were implanted 2 weeks after the recording electrodes. Through
blunt dissection, the spine was exposed at T3-T4. After laminectomy of the T3 vertebra, a
two-plate platinum electrode (each 1x3 mm with a 0.5 mm spacing) was inserted at the T3-
T4 spinal level, placed longitudinally in the epidural space over the dorsal spinal cord. The
wires from the stimulation electrode were then passed subcutaneously to a connector
positioned next to the recording implant on the skull.

Spinal cord stimulation procedures

For SCS, biphasic charge balanced square pulses (each pulse either 200 or 400 us in duration
separated by 100 us) were applied using an 8-channel general-purpose stimulus generator
(STG4008, Multichannel Systems MCS GmbH) . For each frequency (4, 8, 14, 20, 80, 125, 300
Hz) the minimum intensity where any behavioral response (typically, a small postural change
in response to the on-set of the stimulation) could be observed was established before each
testing session. Stimulation thresholds varied greatly between subjects (100-1600 uA) but
showed a consistent relationship to stimulation frequency in the sense that higher
frequencies required lower stimulation intensities. SCS sessions were conducted at 1.7 times
the threshold intensity.

Pharmacological treatment

Six hours prior to recording experiments the animals received an injection of alpha-methyl-
para-tyrosine (AMPT; 120 mg/kg, s.c.) which was repeated 3 hours later, resulting in a total
dose of 240 mg/kg. In experiments evaluating the effect of L-DOPA, animals were injected
with 15 mg/kg L-DOPA/ 6,25mg/kg Benserazide, s.c. in saline solution during light isoflurane
anesthesia.

Signal acquisition

Local field potentials and unit activity (spikes) were acquired using an OmniPlex D Neural
Data Acquisition System (Plexon Inc.). The signal from the headstage pre-amplifier (6x gain,
Nicolelis/Duke Headstage) was amplified between 4800 and 153000 times, high-pass filtered
with cut-off 0.5 Hz, and digitized at 16 bits and 40 kHz. To obtain the local field potentials,
the signal was low-pass filtered with a cut-off frequency of 300 Hz and down-sampled to
1000 Hz. To obtain the spikes, the signal was high-pass filtered with a cut-off frequency of
600 Hz. Subsequently, 0.8-ms epochs around samples greater than 2.5 times the signal-noise
were saved for off-line sorting.

11



Frequency analysis of LFPs

After standardization of the raw LFP time series, local bipolar LFP time series were computed
offline from all unique pairs of electrodes from the same structure. Occasional artifact
periods were detected and rejected with a flatness criteria (thresholding of the median of
the absolute value of the sample-to-sample difference). Power spectral densities (PSDs)
were calculated with a multitaper method (Pesaran, 2008) (50%-overlapping 8-s windows, 7
tapers) implemented in Chronux 2.0 (Mitra and Bokil, 2007). Frequency-specific artifacts
such as power line noise (60 Hz) and stimulation artifacts were removed from the PSDs (+/- 1
Hz and also removing harmonics). PSDs were normalized to the pink noise background
according to (Halje et al, 2012), using the frequency bands 2-6 Hz and 20-120 Hz for the pink
noise estimation. This allowed us to describe PSD deviations from the pink noise floor
conveniently in terms of the unit dB.«. All PSDs belonging to the same recording session,
channel and treatment state (e.g. SCS off or on) were averaged. This data was finally pooled
across sessions and the within-structure average and confidence intervals were calculated
(bootstrap, 100 permutations).

Time-frequency spectrograms (Fig. 2a) were calculated in the same manner, except that the
window size was 4 seconds with a 75% overlap and there was no averaging over time.

The stimulus-related spectral perturbation (SRSP) and phase-locking index (or inter-trial
coherence; ITC) as shown in Fig S4 were calculated with the EEGLAB toolbox (Delorme and
Makeig, 2004). The window length was scaled with the frequency (‘wavelet analysis’) so that
the length was always two cycles, e. g. 100 ms at 20 Hz. The pad ratio was set to four, which
resulted in an apparent frequency resolution of 0.67 Hz. SRSPs were normalized to a pre-
stimulus baseline and expressed in decibels. The pre-stimulus baseline was defined as the
average of all PSDs with a window centered between 250 ms and 50 ms before the stimulus.
Note that the ITC values were not baseline corrected; an index of 1 means that the phase is
identical in all trials, while 0 means that the phase is random.

Coherence and estimation of functional connectivity

After local bipolar re-referencing (see above, section Frequency analysis of LFPs), the
coherence was computed between all pairs of simultaneously recorded LFP signals. In detail,
a multitaper method (Pesaran, 2008) (non-overlapping 3-s windows, 5 tapers) implemented
in Chronux 2.0 (Mitra and Bokil, 2007) was employed to estimate the multitaper Fourier
transforms X; , (f), where i and n are indices for the individual LFP signals and time windows,
respectively. The coherence was then estimated to

e S
Y VSii(F)Si;(F)

with
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=~

Sij(f) = Xin(f) Xin(f)
1

n=

where the asterisk denotes complex conjugation and N is the number of windows to be
averaged over. For LFP signals recorded in L-dopa experiments (contributing to intact, L-
dopa, and Parkinsonian coherences), the average was taken over 10 windows, resulting in a
time resolution of 30 s for the coherence. For LFP signals recorded in the SCS experiments
(contributing to SCS On and Parkinsonian coherences), the average was taken over all
windows obtained in the time period during and immediately preceding every stimulation
trial, respectively. Pairs of LFP signals whose coherence measures systematically showed an
abnormally strong coherence over all frequencies, indicating the presence of a common
signal despite previous re-referencing, were excluded via visual inspection.

Because several recording electrodes were used in each structure, there were also several
coherence measures for each pair of structures (i.e., one measure for each pair of LFP
signals). In order to obtain one mean coherence for each pair of structures, the mean
magnitude-squared coherence (MSC) was calculated employing the variance-stabilizing
transform for the coherence (arc-tanh)(Pesaran, 2008). Denoting the coherence measures

between structures X and Y by C}ELQ (f), withi =1, ..., Nxy, the corresponding mean MSC
. 2
becomesMSCyy (f) = tanhNLZIiLXlY tanh_1|C§§3 (f)” .
XY

The resulting mean MSCs were then integrated over the 8-15 Hz range as well as the 30-40
Hz range, and the corresponding ratio was calculated. The Wilcoxon rank sum test was
employed to test for significant differences between the distributions of these ratios.

Evoked potentials

After standardization of the raw LFP time series, local bipolar LFP time series were computed
offline from all unique pairs of electrodes from the same structure. Evoked potentials were
calculated with respect to the onset of each pulse (the first pulse when paired pulses were
used). The data was baseline corrected, i.e. the DC of the baseline period was removed, for
each epoch before averaging. The baseline period was set to 0-25 ms before the stimulus.

To get a consolidated measure of activity in a structure, we calculated the ‘standardized field
power’ as follows. First, we calculated the standard deviation across all channels in a
structure:

B G = (x(®))
y(t) = J N

where x; is the LFP time series of channel i, N is the number of channels in the structure and
angle brackets denote the average across channels. Second, we normalized y to the standard
deviation of the baseline and obtained the standardized field power

y'(t) = y()/std(Ypase)

13



where

Ybase = {Y(t): t € [-25 ms, 0 ms]}

In Fig S4D (panel A, second row) we show spectrograms of evoked potential. These
spectrograms were generated with the same methods and settings as the SRSPs in the third
row, but from averaged traces (the EPs in the top row) instead of from the raw traces.

Spike sorting

Spike trains were cleaned for cross-channel artefacts (events that occurred within 200 us in
at least 10% of channels) and high amplitude artefacts (>900 uV) using Offline Sorter (version
3.3.2; Plexon Inc.). Waveforms were clustered automatically with slightly modified
algorithms from the Chronux toolbox(Fee et al., 1996). All automatically generated clusters
were manually reviewed to determine if clusters, waveforms and interspike-interval
distributions were physiologically plausible. Clusters were only modified by merging and
splitting them according to the cluster hierarchy imposed by the algorithm.

Spike train beta-power calculation

For each unit, the spike timestamps from either the SCS OFF or SCS ON epochs across the
entire session were identified, merged, and fed to the function pxcorr (Chronux toolbox)
(Mitra and Bokil, 2007) with a bin size of 5 ms and a maximum lag of 0.5 s. The resulting
autocorrelogram was normalized by the total number of spikes, the central bin equated to
zero and the average subtracted to finally compute the PSD. To assess significant rhythmicity
in the beta range, 100 pseudorandom spike trains with the same average firing rate were
created and the PSD computed the same way. A unit was deemed as having significant beta
activity if the sum of the PSD in the range 8-16 Hz was greater than the highest 99% of the
PSD obtained from pseudorandom spike trains. To assess significant differences in the beta
power between the OFF and ON conditions, the ratio between the PSD-OFF and PSD-ON in
the 8-16 Hz range was calculated. This was compared to the highest 99% of the ratios
computed by pseudorandom permutation of the two PSD sets created in the previous step
from the pseudorandom spike trains. Since this method was based on a pseudorandom
process, units with borderline significant differences could appear as significant or not, as
the analysis was repeated. To solve this, the entire analysis was repeated 100 times and the
average result was reported.

Describing similarity to intact and levodopa states through an LFP/firing rate benchmark
index

Definition of the benchmark index:
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Let the row vector x represent any sampled data point, while x; and x; each represent a data
point from state | and state Il, respectively. Let (x;) denote the average of all samples
belonging to state |. The mean difference between the states,

b = (xy) — (x1),

can be interpreted as a direction in the space of all measured variables, and by taking the
scalar product x - b we get the projection of any sample x onto this direction. Hence, we
could construct a benchmark index

(x—=(x)-b

with the intuitive geometrical interpretation of being the projection onto the mean state
difference, while fulfilling By_;({x;)) = 0 and By _;({xy;)) = 1.

Description of what was benchmarked
We created benchmark indices for two state comparisons: Bonp-ofiip for comparing the
levodopa treated state with the untreated disease state, and Bjntact-Lesioned fOr cOmparing the

healthy state to the untreated disease state. These benchmarks were then applied to the
SCS data set (including SCS OFF periods) so that we obtained the four distributions

BonLp-offL.p (Xonscs)
BonLp-offp (Xogescs)
BIntact—Lesioned (xOnSCS)

BIntact—Lesioned (xOffSCS)

Two types of data vectors were used: population firing rates and LFP power spectra. For
firing rate data, each data point consisted of the per-structure population firing rate froma 4
s time window (a 7-element vector). For LFP data, each data point was the concatenation of
the power spectra from the seven structures from a 4 s time window. In addition, the SCS
data was split in two sets based on motor activity/inactivity. Together, this gave us the 16 B-
distributions displayed in Figure S3B. All data was preprocessed with standard PCA methods
(Matlab) to reduce dimensionality and noise.

Histology

Tissue preparation
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Under deep ketamine anesthesia [ketamine (40 mg/kg i.m.) + xylazine (0.04 mg/kg i.m.) +
atropine (0.05 mg/kg i.m.)] the animals were intracardially perfused with physiological
saline, followed by 4% ice-cold paraformaldehyde. The brains were post-fixed in the same
solution for 2h, transferred to 20% followed by 30% sucrose in 0.1 M phosphate buffer saline
for 12h. Brains were frozen in an embedding medium (Tissue Tek) and were then sectioned
frontally at 50 um thickness in a cryostat (Carl Zeiss Micron, HM 550, Germany). The sections
were mounted on electrically charged glass slides (SuperFrost Plus - Fisher Scientific
International) for further histological processing.

Sections were pre-incubated in a 1% hydrogen peroxide solution in methanol for 20 minutes
to remove endogenous peroxidase activity. Sections were then rinsed in 0.05% phosphate
buffer-Tween 0.05% (PB-T) for 5 minutes and incubated in 10% goat normal serum (diluted
in 0.1M PB; Vector Laboratories) for 30 minutes in order to block non-specific binding. After
that, sections were incubated in primary antibody against TH (rabbit polyclonal antibody;
1:500; diluted in normal serum; Merck Millipore) overnight at room temperature in a
humidified chamber to prevent air-drying. Sections were washed in PB-T 1% for 5 minutes.
The sections were then incubated with a biotinylated goat anti-rabbit secondary antibody
(1:200, diluted in PB; Vector Laboratories) for 2h, washed for 5 minutes in PB-T, and then
incubated in avidin-biotin-peroxidase solution (Vectastain Standard ABC kit) for 1h. After
washes in PB, slides were placed in a solution containing 0.03% 3,3’-diaminobenzidine
tetrahydrochloride hydrate (DAB) (Sigma) and 0.001% hydrogen peroxide in 0.1M PB. Finally,
the sections were washed and the slides left to dry overnight. After dehydration through a
series of graded alcohols and clearance in xylene, the slides were cover-slipped using
Entellan (Merck) mounting medium.

Quantification of striatal fiber density and dopaminergic midbrain cells through TH-
immunoreactivity

Tissue samples were mounted and pictures were taken using a microscope with the same
camera configuration and identical illumination conditions. TH-reactivity in both caudate-
putamen and SNc¢/VTA was quantified by computer densitometry. Digital images were
collected using a CX9000 camera (MBF Bioscience Inc.), attached to a light field Nikon Eclipse
80i optical microscope (10x and 20x objectives). TH reactivity across caudate-putamen was
assessed by optical densitometry using Imagel software (http://rsb.info.nih.gov/ij/).
Measurements were obtained by using a 0.2 mm? window positioned in different striatal
regions (60 regions per striatum and animal). The TH reactivity of the internal capsule
(averaged over measurements of 10 different sites using the same window) was used to set
the lower boundary of the staining scale in each sample.

Prior to quantification of cells labelled by TH-IR, the borders of SNc were defined using
Paxinos Atlas (2012). A fixed area of the SNc was used to compare anterior, central and
caudal areas. Area estimates and cell counts were obtained using the Stereolnvestigator
system (MBF Bioscience Inc.). At least three sections were analyzed per animal.
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Movie legends
Movie S1, examples of Parkinsonian motor deficits in marmosets, related to Figure 1

The first part of the video shows motor deficits in a unilaterally lesioned marmoset engaging
in a reaching task designed to force the animal to use the impaired forelimb (right side in this
animal). The last part shows an example of a freezing episode involving the whole body
during spontaneous locomotion behavior in a bilaterally lesioned animal.

Movie S2, example of SCS effect, related to Figure 1

The video shows an example of dramatic recovery of motor functions in a severely
parkinsonian animal during SCS. Notably, from a state of complete akinesia, a clearly goal-
directed behavior is displayed as the animal searches and retrieves food rewards during the
SCS ON period. Shortly after the off-set of SCS the animal once again returns to complete
akinesia.
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