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Methods

A total of 12 mice of each genotype (for each experiment) will be used in the Northwestern University Behavioral Phenotyping Core for an analysis of behavior, learning and memory.  Most of the data are collected and analyzed by computer.  Mice will be acclimated to the facility for one week and then given the following battery of tests:

Zero Maze:  The zero maze tests for anxiety.  The maze consists of a round track (56 cm diameter) that is divided into four sections of equal area by two sets of walls along the track.  The two regions with walls are separated by 180 degrees around the track.  A mouse is placed on the track near the border of the open and closed region and examined for latencies and durations to enter/explore the exposed parts of the track.  An anxious mouse will avoid the open regions of the track.  LimeLight software (Actimetrics) is used to collect data for a five minute session.  The software calculates the percent of time in the open or closed portions of the track.  The zero maze is a recent improvement of the more common elevated plus maze; it avoids the ambiguous open/closed area at the center of the elevated plus maze (Cook et al., 2002; Kulkarni et al., 2007).

Open Field: This arena (56 x 56 cm) is used to assess ambulation levels as well as anxiety.  The mouse is placed in the center of the arena and its ambulation activity is collected by the LimeLight software for five minutes.  The software provides the total distance traveled as well as the percentage of time/distance within different parts of the arena.  An anxious mouse will spend more of its time along the perimeter of the arena.  A hyperactive mouse will have a large ambulation score.  Hsiao et al. (1995) used this task to differentiate transgenic mice carrying the APP gene from wild type mice.  Transgenic mice tended to stay within the center of the cage and exhibited neophobia.  Aging mice also tend to have less exploration in the open field than younger mice (Weiss, Shroff & Disterhoft, 1998).

Y maze:  This arena has three arms that radiate from a central triangular area.  The arms are spaced 120 degrees apart and are of identical dimensions.  The mouse is placed at the base of the arm forming the stem of the Y and positioned with its nose towards the center of the maze.  The mouse is observed for five minutes while it freely traverses the maze.  The order of arm entries is recorded and analyzed for spontaneous alternation (SA).  SA is a natural, hippocampal-dependent behavior of rodents in which they tend not to repeat exploration of a region that has no reward (Douglas (1975).  This behavior relies on working memory and does not require any rewards or punishments.  Each arm is assigned a letter code (A,B,C) and an alternation is scored for each set of three consecutive choices where no repeated entries occur.  The latency to leave the first arm of the maze is also recorded and analyzed as another measure of anxiety. An alternation score (# alternations / # of possible alternations * 100) of 50% indicates a random selection.  Young, healthy C57L6 mice typically exhibit scores of 75-80% alternation and aging mice approach 50% alternation (Weiss et al., 1998).  The Y maze data are also collected by LimeLight software.

Water maze:  This task designed by Richard Morris takes advantage of the natural swimming ability of rodents and the ease of manipulating cues around the maze.  The mouse is put in a pool of water and swims until an escape platform (hidden just under the surface of the water) is found.  If the platform is kept in the same position the mouse quickly learns to use distal cues to locate the position of the platform since the mouse is placed in the pool at different starting positions for each trial (Ohno, Sametsky, Silva & Disterhoft, 2006).

The pool is approximately 120 cm in diameter, 58 cm high, and located with fixed extramaze cues.  It is filled to 30 cm with water at 20-22 degrees C.  Inside the pool is a 10 cm diameter platform which is 0.5 cm below the surface and hidden from view.  The subject is placed inside the pool and allowed 60 seconds to escape onto the platform.  If the subject does not escape in the allotted time it is guided to the platform.  Once on the platform the subject is given a 5 s period before removal from the pool.  Mice will be dried with towels before return to their home cages.  On the first day 4 visible platform trials will be given (approximately once every ten min.), i.e. the platform is visible but is randomly moved from trial to trial.  This helps to determine how well the subject can see and swim.  On the following four days the subject will be given 3 sets of two trials daily.  Each trial will start from a unique and randomly selected position while the platform remains hidden, but in a fixed position.  If the platform is not found within 60 s the subject will be guided to the platform.  On the last day the subject will also be tested with a probe trial, i.e., no platform is present.  A probe trial is performed by placing the subject in the pool without an escape platform.  The subject is allowed to swim for the maximum duration.  A subject that has learned the task well will stay more often in the target quadrant and in close proximity to the expected target location.  HVS software is used to control, collect and analyze the experiment.  The dependent variables to measure learning in the water maze are latency to reach the escape platform and the length of the path taken to get from the start point to the target.  The percent of time exploring the target quadrant during the probe trial is also used.  

Gait Analysis:  The DigiGait system of automated gait collection and analysis provides objective quantification of several gait parameters (Berryman et al. 2009; Pallier et al., 2009). Each cage of mice to be tested is brought into the lab to acclimate to the surroundings.  The mice are then taken one at a time and placed inside the DigiGait (Mouse Specifics) enclosure surrounding a portion of the transparent treadmill.  The treadmill is activated and electronic “footprints” of the mouse are collected by the high speed video camera that is mounted underneath the treadmill.  Data are collected during ambulation at a few different speeds ranging from 10-20 cm/sec.  A 3-5 sec sample of data provides enough strides to determine the characteristic gait parameters (e.g. stride length, width, angle) of the mouse.

Fear Conditioning:  Animals are placed in a Plexiglas conditioning chamber in which they receive 5 conditioning trials with an intertrial interval (ITI) of 90 sec (+ 10 sec).  Each trial consists of a 30 sec tone (80 db) followed by a brief (1 sec), mild (0.65 ma) foot shock through a grid floor at the bottom of the cage.  On the following day, the animal is returned to the same conditioning chamber for 3-5 min and its movements are recorded with the use of a video camera to test for contextual conditioning.  Very low levels of movement in this environment indicate freezing or “fear” that is associated with the context of the conditioning chamber.  Approximately 30-60 minutes after the context test the animal is placed in a novel context (new visual cues, new shape, new odor, no grid floor) and tested for cue-signalled fear by presenting the original conditioning tone.  Freezing in response to the tone indicates a conditioned fear response.  This behavior has been shown to be hippocampally-dependent when the initial conditioning trials contain a 30 sec trace interval between the offset of the tone and onset of the shock (Ohno, Tseng, Silva & Disterhoft, 2005), is rescued by deletion of the beta amyloid cleaving enzyme (Ohno et al., 2006), and is mediated by changes in the afterhyperpolarization of CA1 pyramidal neurons (Kaczorowski & Disterhoft, 2009).  The experiment is controlled by FreezeFrame 2 software and analyzed with FreezeView software (Actimetrics).

Eyeblink Conditioning:  Eyeblink conditioning in mice requires the hippocampus when a 250 ms trace interval separates the conditioning stimulus from the uncondioned stimulus (Tseng, Guan, Disterhoft & Weiss, 2004).  Conditioning is done in an Industrial Acoustics sound attenuating chamber containing four smaller chambers to train up to four mice at one time.  The experiment is controlled by a computer coupled to stimulus delivery modules and an AM Systems EMG amplifier.  This task requires a relatively simple surgery to implant microwires into the eyelid to record EMG activity and into the periorbital region to deliver a mild blink evoking electrical stimulus.  The microwires are secured to a strip connector “headbolt” that is attached to the skull with dental acrylic.  
Mice will be prepared for surgery in a clean area of the surgery room.  Each mouse will be anesthetized with an injection of ketamine/xylazine (87 & 13 mg/kg, ip).  Anesthesia will be maintained with supplements of 25% of the original dose.  After anesthesia is induced a single dose of Buprenex will be given (0.01 - 0.05 mg/kg, s.c.) and the head will be shaved.  The subject will then be placed in the stereotaxic.  A midline sagittal incision will be made to expose the skull between bregma and lambda.  The skull will be cleaned with a 3% solution of hydrogen peroxide.  A sterile drill bit will be used to make three holes in the skull for the placement of sterile skull screws (00-90 x 1/16").  A custom made connector with four sterilized Teflon-coated stainless steel wires  (0.003" bare, 0.0045" coated), and one bare stainless steel wire (30 µm) will be positioned on the skull.  Two of the coated wires (shock electrodes) will be subcutaneously passed through the periorbital region caudal to the eye. The remaining two coated wires (EMG wires) will be inserted subdermally into the upper eyelid and insulation will be removed from the distal end to record EMG activity.  The bare wire will then be secured to two stainless steel skull screws (00–90 X 1/16 in.) inserted ¼ of a turn into the skull to serve as an electrical ground.  The strip connector for the EMG wires will be anchored to the skull between the screws with more dental acrylic.  After the animal is ambulatory it will be given a dose of Metacam (1mg/kg, sc) and a second dose will be given approximately 24 hours later.  

For trace-eyeblink conditioning, freely-moving, tethered mice will be placed into a circular chamber (diameter = 12.5cm) and conditioned with a 250ms conditioned stimulus (CS).  The CS will be followed by a 250ms trace interval and then a 100ms unconditioned stimulus (US; 0.25-2mA periorbital biphasic square wave shock, 60Hz, 0.5ms pulses).  Mice will be given 30 trials per session with a mean intertrial interval (ITI) of 45s (randomly varied within 30–60s) per day.  Mice will be given one habituation session where they are connected to the equipment but no stimuli are presented, and then four training sessions.  A conditioned response (CR) is defined as an increase in EMG activity that is at least a four standard deviations above the baseline activity for a minimum of 15ms prior to US onset.  The percent of trials with CRs across sessions will be analyzed for differences among the groups.
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