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23
24 SUMMARY:
25 Method to assess the impact of training on motor skills is a useful tool. Unfortunately, most
26 behavioral assessments can be labor intensive and/or expensive.We describe here a robotic
27 method of assessing prehension (reach-to-grasp) skill in mice.
28
29 ABSTRACT:
30 We describe a method to introduce naive mice to a novel prehension (reach-to-grasp) task. Mice
31 are housed singly in cages with a frontal slot that permits the mouse to reach out of its cage and
32 retrieve food pellets. Minimal food restriction is employed to encourage the mice to perform the
33 food retrieval from the slot. As the mice begin to associate coming to the slot for food, the pellets
34 are manually pulled away to stimulate extension and pronation of their paw to grasp and retrieve
35 the pellet through the frontal slot. When the mice begin to reach for the pellets as they arrive at
36 the slot, the behavioral assay can be performed by measuring the rate at which they successfully
37 grasp and retrieve the desired pellet. They are then introduced to an auto-trainer that automates
38 both the process of providing food pellets for the mouse to grasp, and the recording of successful
39 and failed reaching and grasping attempts. This allows for the collection of reaching data for
40 multiple mice with minimal effort, to be used in experimental analysis as appropriate.
41
42 INTRODUCTION:
43 Methods to experimentally test a motor skill pre- and post- neurological injury as well as
44 modulate the timing, amount, and type of motor training are important to translational research.
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Over the last decade, mice, because of the attendant ease of genetic manipulation, have become
a popular model system in which to elucidate the mechanisms of motor learning pre- and post-
injury. However, behavioral assays in mice have not been optimized in the same way that such
assays have been for other mammals (especially rats). Further, there are important differences
between the behavior of a mouse and a rat that strongly suggest training the two species in
different manners®2,

Skilled prehensile movements use a hand/paw to place food in the mouth, to manipulate an
object, or to use a tool. Indeed, reaching to grasp various objects in daily life is a fundamental
function of upper limbs and the reach-to-eat act is a form of prehension that many mammals
use. Many of the genetic, physiological, and anatomic changes underpinning prehensile skill
acquisition have been well defined in the field3. In translating preclinical findings to clinical
outcomes, one needs a relevant test that is efficient and reproducible. Studies of rodent and
human reaching demonstrate that prehension behavior is similar in humans and in animals®.
Accordingly, these similarities suggest that prehension testing can serve as a translational model
for investigating motor learning as well as impairments and treatments of human disease.
Therefore, evaluating prehension in mice can offer a powerful tool in translational research
studying both health and disease states®*.

Unfortunately, the prehension task in mice, even for a small-scale laboratory setting, can be
laborious and time consuming. To alleviate this problem, we describe here an automated version
of the prehension task. The described task requires mice to extend a single paw through the
mouse’s home cage frontal slot, pronate the extended paw, grasp the food pellet reward, and
pull the pellet back to the cage interior for consumption. The resulting data is presented as either
a prehension success or failure. This automation successfully records the data and reduces the
burden and time with which researchers must engage the task.

PROTOCOL:
All methods described here have been approved by the ACUC (Animal Care and Use
Committee) of the Johns Hopkins University.

1. Preparing mouse cages for use

1.1. Create a slotted opening with dimensions of 0.8 cm width and 7 cm height from the base at
the front end of each cage, as illustrated in Figure 1. This slot serves as the opening through
which the animal will reach.

NOTE: The auto-trainer was designed for the use with the standard mouse cage dimensions (as
shown in Figure 1) supplied by most animal research supply vendors. Further, the auto-trainer
will easily support other cage-types.

1.2. Inside each individual cage, add a platform adjacent to the slot to allow the mice to stand

and reach the presented pellets. Ensure that the platform is located above the cage litter floor,
approximately 3 cm in height. Use Petri dishes affixed with superglue and capped by a metal
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sheet approximately 10 cm x 15 cm, however, any flat surface large enough for a mouse to
stand on to reach from will suffice.

1.3. Create a vertical notch through the middle of the front of the cage measuring 0.8 cm across
and 7 cm high that will allow a mouse to reach his paw out of the cage.

1.4. From a thin sheet of metal, (approximately 2 mm thick) cut a cage gate into rectangles
measuring 5 cm x 10 cm to serve as a uniform opening through which the animal is to reach.

NOTE: Mice may chew on plastic cages which would change the size of the opening. The mouse
will reach through this 0.8 cm slot when the metallic cage gate is placed over the cage’s slotted
opening during testing using tape, maintaining the effective width of the slot between cages.

1.5. Cover each cage’s slot with tape when its mouse is not being tested to prevent litter from
being expelled from the cage.

2. Introducing mice to the reaching motion

2.1. Record each mouse’s starting weight and calculate 85% of that value to find their goal
weight, rounding up to 20 g if the result is less. Give them a feeding regime to bring them to
and then maintain this goal weight.

2.1.1. Give each mouse 2.5 g of pellets the first day and note any change in their weight 24 h
later.

NOTE: Weigh the mice once per day and expect a weight drop of 0.25-1 g per day.

2.1.2. Change each mouse's daily feed as required, based on this initial change and ongoing
changes in each mouse's weight, in order to induce gradual weight loss (less than 0.8 g lost per
day) and then maintain the resulting goal weight. Vary between three to six 500 mg pellets (1.5
to 3.0 g) per day to be effective.

NOTE: Mice remain on this diet to maintain their goal weight throughout the protocol.

2.2. When a mouse has reached its goal weight, introduce each mouse to the concept of
coming up to the gated slot for a supplementary food pellet. Start a training session by placing a
45 mg pellet on the pellet surface, directly in front of the slot, and allow each mouse to retrieve

it. Most mice will take to this feeding arrangement within 1-2 days.

2.3. Once the mouse associates an open slot with being fed, encourage them to reach with a
paw, rather than the mouth.
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NOTE: This is the most complex step, taking 1-2 days, and instilling counterproductive behavior
in mice by mistake is very easy; please refer to the discussion section for further information
and advice.

2.3.1. Using a pair of tweezers, hold a pellet in the same position the mouse has retrieved
pellets previously. As the mouse begins to bite for the pellet, pull it away approximately half a
centimeter such that the pellet is out of reach of its mouth.

NOTE: A mouse at its goal weight will attempt to retrieve the out-of-reach pellet. Whenever
the mouse extends a paw through the slot, reinforce that behavior by allowing it to eat the
pellet. Some mice may exhibit a preference for one paw over the other when extending for
food.

2.3.2. While not instrumental to experimentation, record whether the left or right paw is
preferred. This may potentially allow for higher overall success rates in the behavioral assay;
alternatively, eliminate a variable by forcing each mouse to reach with the same paw.

NOTE: Better results are obtained if mice use their preferred paw.

2.3.3. As each mouse associates extending a paw with eating a pellet, further reinforce that
behavior by withholding the pellet in response to attempts to retrieve the pellet with the
mouth and tongue. Mice will start to comply with this arrangement over 2 to 3 days.

2.3.4. Finalize the introduction of the desired paw reaching behavior by placing the 45 mg pellet
just under 1 cm from the outer edge of the cage gate, such that the leftmost or rightmost point
of the pellet (whether it is to the right or left of the cage slot from the investigator’s
perspective, respectively) is tangent to a line extending straight out from the edge of the cage
gate’s slot. Allow the mouse to attempt to retrieve the pellet, being vigilant to remove the
pellet and prevent its consumption if the mouse should attempt by some other method than
paw extension.

NOTE: When a mouse consistently extends a paw to grab at and is able to touch the provided
pellet, it is ready for testing using the auto-trainer described below and associated behavioral
assay. The time from naive introductions to being prepared will vary between mice; if there are
stragglers that take more than two weeks to understand, they should be excluded from the
data set.

3. Using the auto-trainer

NOTE: Please see Figure 1-3 and the discussion section for a full description of the hardware,
software, and the physical actions of the auto-trainer.

3.1. Prepare for the training session.
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3.1.1. Calibrate the bait pellet sensor. Click the Run arrow in the LabVIEW interface and note
the bait pellet sensor reading both with and without a pellet in place. Click the Stop button to
stop this test run and change the bait pellet sensor target to a value between those two
readings (Figure 3 and Table 2). Most lighting conditions provide a reading between 1 and 4.

3.1.2. Place the modified mouse cage on the auto-trainer (Figure 2). Affix the cage gate (Figure
1) and align the pellet to the edge of the slot as in the manual procedure.

3.2. Run the mouse's training session using the LabVIEW interface.

3.2.1. Input information as required to record data about the training session (Figure 3 and
Table 2).

3.2.1.1. Click the Mouse ID field and type the filename of each training session using the
computer’s keyboard.

3.2.1.2. Click the Total Pellets to Dispense During Routine field to control how many pellets are
dispensed for a single experiment (usually 20 — 30). To do so, click the up and down arrows or
input the number using the computer’s keyboard.

3.2.1.3 Click the Pause After Pellet Number field to set a 5 s pause after the indicated pellet is
removed from the diving board. To do so, click the up and down arrows or input the number
using the computer’s keyboard.

3.2.1.4 Click the Pause Length field to set a pause in between the time a pellet is removed from
the diving board and the time a new pellet is dispensed. To do so, click the up and down arrows
or input the number using the computer’s keyboard

NOTE: Usually 1 s is an appropriate pause time. If the mice are anxious after each pellet is
dispensed, it is advisable to increase the pause length using the Pause Length field to 5 s.

3.2.1.5. Manually record the distance at which the pellet is placed in the Reach Distance field.
To do so, click the up and down arrows or input the number using the computer’s keyboard

NOTE: The Size of the Acceleration and Time Arrays is exposed for debugging purposes and
may be ignored.

3.2.1.6 Click the Folder to Contain Logs field to select the file location to save the collected
data.

3.2.1.7. Once the information fields have been filled out, click the Run button to begin the
training session. The auto-trainer will dispense individual pellets and track whether they fall
through the funnel until the total number of pellets has been dispensed, and the last pellet has
either been retrieved or dropped by the mouse. The program will stop automatically at this
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point. If necessary, it can also be stopped prematurely by clicking on the Stop button.

3.2.2. Once the software is set up, place the home-cage of the mouse to be tested on the
pedestal and observe the mouse so that you might gauge whether the mouse has indeed
learned to attempt the required novel reaching behavior. After clicking the Run button, allow
the mouse to investigate the slot and its new, unfamiliar surroundings.

NOTE: Similar to when introducing mice to the concept of reaching, expect some mice to be
more compliant than others. Mice that have grasped the concept should try to reach within 5-
10 min and will associate the movement of the auto-trainer with the presented pellet, as when
they associate an uncovered slot with food in the initial stages of this protocol.

REPRESENTATIVE RESULTS:

In general, it is recommended that each training session consist of about 20-30 trials, which may
be set by the user, run automatically by the auto-trainer and saved into a single log file per session
and mouse. Each trial can be run consecutively, right after the other, with 2-5 s of pause. Mice
trained on the auto-trainer exhibit an increase in skill over 10 training sessions.

To compare the utility of the auto-trainer to manual training (considered the gold-standard), we
trained adult male C57bl/6 mice aged 100 to 140 days old manually and using the auto-trainer.
All animal handling and use were performed according to and with approval from the Johns
Hopkins University Animal Care and Use Committee. Mice trained with the auto-trainer learned
the prehension task and exhibit a clear increase in motor skill (Figure 4). This increase in skill is
similar to that seen when the animal is trained manually without the use of the auto-trainer
(Figure 4). For these data, manual prehension was scored as successful when the mouse reached
its forelimb through the slit, grabbed the pellet, and ate it without knocking it from its resting
space, dropping it, or in any other way losing control. The percent of successful prehension
attempts was determined per pellet. A training block consisted of 30 pellets at a distance of 1 cm
with each pellet presented one at a time. Mice trained on the auto-trainer were trained per the
protocol described above. Each point in Figure 4 represents a day of training during which the
animals reached for 30 pellets and graphed as percent correct. There was no statistical difference
between the two lines using a non-parametric t-test with correction for multiple comparisons.

FIGURE AND TABLE LEGENDS

Figure 1: Exemplar pictures of the home cage. (A) Birds-eye view of a standard home cage
modified with the platform (orange) and slot on the front of the cage. (B) Front-view of a home
cage modified with a slotted opening with approximately 0.8 cm x 7 cm. (C) cage gate cut from a
thin sheet of metal and wrapped with tape to protect edges. (D, E) cage gate placed in front of
the slot to serve as a uniform opening through which the mouse is to reach; front (D) and oblique
(E) views provided.

Figure 2: Exemplar pictures of Auto-Trainer. (A, B) Pictured are the auto-trainer without (A) or

with (B) a modified mouse cage in place. (C-J) Detailed views of the diving board food pellet
holder design viewed either from the front (C,D,H,l) or from the side (E,F,G,J), with (D,E,F,l) or
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without (C,G,H,J) a food pellet. Note that pellet distance from the animal can easily be modified
as cage distance from the diving board is modifiable.

Figure 3: Screenshot of the software. Screenshot of program used to run the auto-trainer. The
image shows the important input fields described in the protocol. See Table 2 for further
description.

Figure 4: Representative data. Skilled prehension increases to a similar plateaued level using
both auto-trainer and manual training paradigms. Plot shows reach-to-grasp success (mean +/-
SEM; manual: gray, n = 14; auto-trainer: black, n=15).

Table 1: Timetable of mouse training using the auto-trainer.
Table 2: Software interface.

DISCUSSION:

Our auto-trainer evaluates forelimb reach-to-grasp (prehension) in an automated manner. To
achieve this endpoint, many of the parameters designed for the mouse prehension task,
including pellet placement, pellet size, and training criteria, have been iterated over several years
and adapted from prior protocols®>®. The advancement here is the automation of the task using
a robot that allows home-cage housing. Home-cage housing allows the mice to remain calm and
perform the task with less anxiety. Non-home-cage training is associated with increased stress
which can lead to the increased time and decreased precision’°. We demonstrate here precision
resembling our own results with manual home-cage training>”8. Although home-cage training
exists for the rat'?, to our knowledge, this is the first auto-trainer that takes advantage of training
mice in their home-cage.

Our auto-trainer includes an adjustable platform on which a slotted cage rests and may be
lowered or raised to the appropriate height for alignment with a food pellet holder (also referred
to as adiving board). A pellet-dispensing system places the food pellet on the diving board holder.
The food pellet holder has a bait pellet sensor assembly consisting of a reflective object sensor
to detect whether a food pellet is present or not on the diving board holder. Due to the light
sensitivity issues, the reflective object sensor may be calibrated at installation to suit the lighting
environment of the laboratory. Each mouse’s cage is placed on the auto-trainer such that the
pellet’s inner edge is in line with the outer edge of the cage gate’s slot, corresponding to step
2.3.4 of the manual procedure detailed above. Two lost pellet sensors oriented in opposite
directions in a funnel beneath the diving board pellet holder detect falling pellets. One benefit of
employing two lost pellet sensors is that it ensures high detection accuracy for various food
pellets of different sizes and shapes. Both lost pellet sensors consist of a standard transmissive
photo-interrupter with a through-hole design, to sense the motion of a falling pellet without
requiring contact.

The software consists of a program that runs the auto-trainer and collects data on successes and
failures. User input consists of the file location in which the data is recorded, how many pellets
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are dispensed in one training session, an option to pause the training session after dispensing a
particular pellet, a field to record the increased distance (if any) across which the mouse must
reach, and a field to control the array size used in the program's calculations (which may be
ignored during normal use). Further, the software enables the user to tune the diving board’s
reflective object sensor in order to recalibrate the light sensitivity as necessary. An output of each
trial is displayed to the user as well as recorded and saved in a log file for later retrieval.

A single trial consists of a single food pellet’s time spent on the diving board until it is removed
by action from the mouse. If a pellet leaves the diving board as determined by the bait pellet
sensor and the pellet is detected falling through the funnel shortly afterward by either of the lost
pellet sensors, it is recorded as a failed trial by the software. If the bait pellet sensor determines
that the pellet leaves the diving board, but no falling object is detected by either of the lost pellet
sensors, it is assumed to have been pulled into the cage by the mouse and is counted as a
successful trial.

This formulation is used because it is useful to design a behavioral assay in which the task to
perform directly, rather than indirectly, provides the reward. In this way, there is no ambiguity
on the animal’s part on what the task is (e.g., be hungry, locate food, get food, eat food). Among
the many tasks that utilize such a paradigm, the prehension task has become quite popular for
such assessments. The task merely requires that an animal use a single limb to reach for and
grasp a single food item, which the animal subsequently brings to its mouth for consumption.
The prehension task assesses a behavior that is very similar to an everyday behavior used by
many mammals. Most importantly, the prehension task resembles human motor behavior®. This
generalizability enhances the expectation that principles derived from the preclinical assessment
of the behavior are clinically applicable in disease states. For example, impairments in skilled
forelimb and hand use are seen in stroke, Huntington’s disease, Parkinson’s disease, and multiple
sclerosis. Thus, modeling behavioral deficits and subsequent recovery in mice is invaluable to
understanding human recovery and how it might be encouraged-13,

Many aspects of the auto-trainer proposed herein greatly benefit the research process. First,
most behavioral assays require an experimenter to closely train and monitor daily sessions, which
can be costly, labor intensive and prohibitively time consuming. Our auto-trainer allows for
behavioral data to be collected independently of an experimenter. Second, our auto-trainer can
be replicated to allow multiple mice to be trained and evaluated objectively, efficiently and
concurrently, thus minimizing time and effort. Third, the low-cost of the auto-trainer allows
replication and use of multiple auto-trainers concurrently for large scale and efficient testing.

It should be noted that the critical point that requires careful supervision is during the shaping
phase of the training. Notably, this protocol’s chief weakness is the risk of bad use becoming fixed
in some mice!l. The protocol aims to mimic tests like the ladder rung test in that succeeding in
the task provides the reward. However, the task itself still must be taught to the mice in step 2.3
of the protocol, unlike the ladder rung test. The concept most likely to cause a mouse to stumble
in learning this task is from extending a paw out of the cage to using the paw to actually grasp
the pellet. In the first session of step 2.3.1, mice should be rewarded simply for extending a paw
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out of their cage. However, over the following few days, investigators should take care to reward
mice less for just extending the paw, and more for extending the paw and touching the pellet, as
we describe in step 2.3.3.

Please note that approximately 5% of mice will fail to progress past this stage, typically because
of limited extension of their digits to pull in the food pellet. Such mice will fail with one or both
paws with little consideration of the actual location of the pellet, providing little or no useful
data. To minimize a mouse’s potential for failure at this stage, caution is strongly recommended
when pulling away the pellet with the tweezers during the learning process. In particular, the
mouse should be rewarded with food not only when it extends a paw, but also when that paw
grips the pellet and applies enough force sufficient to investigator’s satisfaction. A similar risk to
potential failure at this stage is posed by mice using their tongue to lick pellets towards them.
When training mice that tend to lick, place the pellet further laterally away from the slot. Mice
will find it difficult to reach with the tongue over a greater sideways distance, but the range of
motion of the arm and paw are more capable of closing the distance.

Our described protocol is readily extended to different lab environments or different methods of
data collection. The auto-trainer, for example, is very useful as a labor-saving device, but is not
strictly required for data collection, as pellets can be provided and successes/failures can be
recorded by hand. Individual reaches can also be categorized based on more detailed information
than simply success/failure, for example by considering the angle of approach of each mouse,
the number of reaching attempts that do not touch the pellet, or the mechanics of the retrieval
motion, which has received more attention in recent years'4. The ability of the animal to retrieve
a pellet is but one measure. Using additional hardware, we will also be able to measure the
velocity, angle, and trajectory of the animal’s limb movements. This kinematics is an important
aspect of motor learning both before and after a neurological injury. To this end, we are currently
incorporating various novel means of analyzing the locomotion and kinematics of the mouse’s
grasping action. We are exploring using high-speed cameras to obtain kinematic measurements
of the grasp and attaching pressure transducers and accelerometers to the food pellet holder to
measure force and mass data associated with the grasp. These new features will enhance the
functionality of the auto-trainer to collect significant data passed a simple pass or fail trial and
help illustrate the gait of the mouse’s grasp through disease progression. In the future, we will
be using the robot assisted prehension task as a platform to evaluate type, dose, and timing of
rehabilitation after neurological injury. Moving forward, we will continue to improve the task,
with refinements to help lessen incorrect behaviors and improve task acquisition rate and
training time.

In summary, we have developed a new auto-trainer for assessing upper forelimb prehension skill
in mice. The task requires mice to reach their paw through a slit, grasp a small food pellet, and
pull the pellet in the direction of their body so that they may eat the pellet. The task setup is
mechanically constrained to assure dominant paw usage. Mice can be trained quickly and
simultaneously, with only the shaping process requiring manual input. The test can be
administered efficiently and analyzed automatically. This high throughput behavioral assay
guantifies success rate and is easily modified for future analysis of kinematics and force dynamics.
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Step Estimated Duration (in days) Comment
Depending on intial weight and, therefore,
2.1 Weight Loss 3to5 how much weight to lose until at goal
Mice learn to feel confortable approaching
2.2 Slot training 1 the open slot for food
2.3 Shaping 4to8

Success here depends on quickly providing
the pellet after the mouse, denied its

2.3.1 Paw use 1 food, paaws for the pellet.
Ascertain if the mouse prefers left or right
2.3.2 Paw Preference 1 paw.

As in previous step, it is critical to prevent
2.3.3 Curtailing bad paw use 2to3 retrieval with the mouth and tongue.

Some mice will stumble at taking the
pellet by themselves rather than from the
2.3.4 Tweezers 1 tweezers, feed them a little less
3. Auto training 10to 15 Days until asumptote.
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Table 2

INPUT FIELD

Mouse ID

Total Pellets to Dispense During Routine

Pause After Pellet Number

Pause Length (s)

Reach distance (mm)

Size of Accelerometer and Time Arrays

Folder to Contain Logs

Device name

Arrow button, top left

Stop sign button, top left
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USE

Input the filename under which the collected data will be saved.

Input the total number of pellets that will be dispensed during the training session.

Deprecated function. May be used to pause the training session after the specified pellet is dispensed.

Length of time the pause lasts.
Record the distance above minimum over which the mouse must reach to retrieve the pellet. Zero by default.

Function exposed for debugging purposes. Keep at default value of 500.

Click the folder icon to choose where collected data is saved.
LabVIEW function that connects hardware to software. Defaults to Devl. Depending on USB connections, hardwa

Click to run the program, whether for a training session or for calibration.

Stop the program prematurely.




re may appear in the dropdown menu under another number; choose devices until one works.
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ABS Filament
ABS Sheet
Adruino Mini
Bench-Top Adjustable-Height Positioning Stand
Clear Acrylic Round Tube
Low-Carbon Steel Wire
Pellet Dispenser
Photointerrupter Breakout Board
Reflective Object Sensor
Servo Motor
Transmissive Photointerrupter
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2019.xlsx

Company
Custom 3D Printed
McMaster-Carr
Adruino
McMaster-Carr
McMaster-Carr
McMaster-Carr
Lafayette Instrument: Neuroscience
SparkFun
Fairchild Semiconductor
SparkFun
Sharp

Catalog Number
N/A
8586K581
A000087
9967T43
8532K14
8855K14
80209-45
BOB-09322 ROHS
QRD1113
$8213
GP1A57HRIJOOF
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Comments/Description
utilized for pellet holder, frame, arm and funnel
3/8" thickness; used for platform compononents, positioning stand guides and base
nano version also compatiable as well as other similar microcontrollers
35 Ibs. load capacity
ID 3/8"
0.148" diameter
with 45 mg interchangeable pellet size wheel and optional stand
designed for Sharp GP1A57HRJOOF
phototransistor output
generic metal gear (micro size)
gap: 10 mm, slit: 1.8 mm
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Title of Article:

Evaluating Skilled Prehension in Mice Using an Auto-Trainer

Author(s):

Robert Hubbard, Jason Dunthorn, Richard J. O’'Brien, M.D., Ph.D., Dan Tasch, Uri Tasch, Ph.D., Steven R. Zeiler, |}

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

E‘ Standard Access

Item 2: Please select one of the following items:

D Open Access

E‘The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Steven R. Zeiler
Department: Department of Neurology
Institution: Johns Hopkins
Title: Assistant Professor
Signature: /% Date: 1/21/19

i
Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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JOVE Manuscript

Title: “Evaluating Skilled Prehension in Mice Using an Auto-Trainer”

Manuscript #: JOVE59784

Authors: Robert Hubbard, Jason Dunthorn, Richard J. O’Brien, M.D., Ph.D., Dan Tasch, Uri
Tasch, Ph.D., Steven R. Zeiler, M.D., Ph.D.

Dear Editors and Reviewers,

We appreciate the Editor's comments, which have allowed us to significantly improve the
manuscript. Most importantly, we have responded to the Editor comments by changing the
manuscript and figures. We have added two new figures. Please note that in one of the figures,
we have included a screen shot from LabVIEW. We have edited out the company logo;
nevertheless, we want to make sure that this does not infringe upon any copyright parameters.
The product webpage is here: http://www.ni.com/en-us/shop/labview.html

When we make mention of line numbers below, they are in reference to the original line
numbers in Edit you sent us. The line numbers in the manuscript no longer perfectly correlate
since our text is now different.

Editorial comments:
1. The editor has formatted the manuscript to match the journal's style. Please retain the same.
RESPONSE: We have retained the formatting as provided.

2. For the protocol section, please use imperative tense throughout. Each step should consist of
an action item that directs the reader to do something. Please also include how is the step
performed.

RESPONSE: We have done this.

3. Once done please highlight 2.75 pages of the protocol including headings and spacings with
the yellow highlight. This will be used for generating the script for the video.
RESPONSE: we have done this

4. Please ensure live animal will be available for filming purpose.
RESPONSE: We will.

5. Please ensure that all the steps in the protocol is written in imperative tense throughout
providing every specific detail. Any text that cannot be written in the imperative tense may be
added as a “Note.”

RESPONSE: We have done our best to use imperative voice in all steps.

6. Please include a figure to show the prepared mouse cage and label different parts of it as
well.
RESPONSE: We have made a new Figure 1 to demonstrate the cage. The figure
legend labels each part of the cage.

7. Line 99: This is not an action step, hence converted to a note instead. Please check.
RESPONSE: this is perfect.

8. line 112: How many times a day do you perform the feeding? Include a note after this step
stating how much weight change is observed in your experiment.
RESPONSE: In response to the query, we have added the following:

*
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“‘Note: we weigh the mice once per day and expect a weight drop of 0.25-1 gram per
day.”

9. line 166: This section is lacking details. Please exactly write how you perform your

experiment and provide all specific details. Please use imperative tense throughout.
RESPONSE: We have added detail throughout this section. Please see our answers to
#10 —12.

10. line 181: This step needs clarity. How is this done. Please provide button clicks, graphical
user interface, scripts/codes used for doing the same. Specific codes can be included as a
supplementary file. Also, for the sub-steps please write exactly how you do the experiment
being as specific as you can with respect to your experiment as this part will be used for filming
purpose. Please use imperative tense throughout. As for showing the screenshot cover the logo
and show the screenshots as supplementary files.

RESPONSE: We have clarified each step and made reference to an added figure and

table.

11. line 192: What is the appropriate field? How is this done?
RESPONSE: we have added a more descriptive adjective and made reference to the
figure.

12. line 199: Do you set up the software first and then introduce the mouse? Once the mouse is
introduced, how long do you leave it to for learning? Do you turn on the start button? When is
the stop button turned on?
RESPONSE: we have modified this description to say the following:
“3.2.1.8. Once the information fields have been filled out, click the Run button to begin
the training session. The auto-trainer will dispense individual pellets and track whether
they fall through the funnel until the total number of pellets has been dispensed, and the
last pellet has either been retrieved or dropped by the mouse. The program will stop
automatically at this point. If necessary, it can also be stopped prematurely by clicking
on the Stop button.

3.2.2. Once the software is set up, place the home-cage of the mouse to be tested on
the pedestal and observe the mouse so that you might gauge whether the mouse has
indeed learned to attempt the required novel reaching behavior. After clicking

the Run button, allow the mouse to investigate the slot and its new, unfamiliar
surroundings.

NOTE: Similar to when introducing mice to the concept of reaching, expect some mice
to be more compliant than others. Mice that have grasped the concept should try to
reach within five to ten minutes, and will associate the movement of the auto-trainer with
the presented pellet, as when they associate an uncovered slot with food in the initial
stages of this protocol.”

13. line 215: Please expand the result section to include how this was analyzed? How was the
graph generated? How was this conclusion derived? Comment on how many manual trial vs
auto trainer trails were required to before the actual session. How many sessions per mouse
was conducted for each experiment?

RESPONSE: we have maodified the lines 211 — 224 to read:

“To compare the utility of the auto-trainer to manual training (considered the gold-

standard), we trained adult male C57bl/6 mice 100 to 140 days old manually and using



the auto-trainer. All animal handling and use was performed according to and with
approval from the Johns Hopkins University Animal Care and Use Committee. Mice
trained with the auto-trainer learned the prehension task and exhibit a clear increase in
motor skill. This increase in skill is similar to that seen when the animal is trained
manually without the use of the auto-trainer (Figure 2). For these data, manual
prehension was scored as successful when the mouse reached its forelimb through the
slit, grabbed the pellet, and ate it without knocking it from its resting space, dropping it,
or in any other way losing control. The percent of successful prehension attempts was
determined per pellet. A training block consisted of 30 pellets at a distance of 1 cm with
each pellet presented one at a time. Mice trained on the auto-trainer were trained per the
protocol described above. Each point in Figure 2 represents a day of training during
which the animals reached for 30 pellets and graphed as percent correct. There was no
statistical difference between the two lines using a non-parametric t-test with correction
for multiple comparisons.”

14. Line 206: How long is the pause period between the trials?
RESPONSE: we have added the sentence: Each trial can be run consecutively one
right after the other with 2-5 seconds of pause.

15. Line 241: Few paragraphs can be moved to the introduction section. Details about the auto-
trainer, the associated software and the meaning of single trials can be moved to the
introduction to bring out clarity for understanding the protocol.
RESPONSE: we are uncertain which paragraphs can be moved to the Introduction. It
seems to us that moving paragraphs beginning at line 251 or line 266 to the Introduction
would be confusing to the reader since the reader otherwise would not have a working
knowledge of the auto-trainer. We are happy to re-consider.

16. Line 242: This sentence needs rewording as the protocol does not presents the auto-trainer
but the prehension task using the auto trainer previously made.
RESPONSE: we have reworded the sentence to say:
“Our auto-trainer evaluates forelimb reach-to-grasp (prehension) in an automated
manner”

17. Please remove the embedded Tables from the manuscript. All tables should be uploaded

separately to your Editorial Manager account in the form of an .xlsx file. Each table must be

accompanied by a title and a description after the Representative Results of the manuscript text.
RESPONSE: we have removed the tables from the manuscript and placed each table
into a separate file. We kept them as MSWord documents since the tables are based in
Word. We feel that Excel makes horrible looking text-tables.



