Neuro 200 – Lab 1

Behavior, Neuroanatomy, Genomics


Lab 1B.  Neuroanatomy:  Nissl and Golgi stains

The Nissl and Golgi stains are stains for differentiating cell structures.  Nissl stains RNA so cell bodies stain blue/purple.  Ribosomal RNA also picks up the stain.  Golgi stains the entire cell membrane black, yet only stains ~1 in 500 cells.

In this lab you will section (coronally) and stain the mutant and control brains using the Nissl stain. 

Golgi sections (sagittal) of both the mutant and control brains have been prepared in advance.

I.
Perfusion and Sectioning

In many experiments it is necessary to section the brain to determine the location of a treatment (lesion or electrode) or to look at the histology of the brain using various staining techniques.  Since the texture of the brain is so soft (often likened to soft cheese) it is "fixed" before it can be removed from the skull.  A fixative is a chemical that cross links the molecules of the tissue, rendering it hard and preserving the tissue.  In order to get fixative into the brain, the pumping mechanism of the heart is used.  A cannula is placed in the heart, or directly in the ascending aorta, of a deeply anesthetized animal.  Blood is flushed out with saline first, and replaced with a fixative.  Next, the brain is dissected out from the skull.

Your brains have been perfused with 4% formaldehyde and stored in a 20% glucose solution.

A.  Sectioning

A fixed brain, while it is harder than the brain in its natural state, is still not hard enough to cut into very thin slices without using slicing devices such as a Vibratome, cryostat or freezing microtome.  We will be making slices that are 100µm thick using a Vibratome which employs a vibrating blade principle that allows sectioning without freezing or embedding.

Sectioning takes place in a liquid bath of double distilled water.  The liquid serves to lubricate the sectioning blade and to maintain specimen temperature.  Ordinary injector type razor blades are used for sectioning in a Vibratome which avoids the purchase and maintenance of expensive knives used in other slicing equipment.

The operation of the Vibratome is semi-automatic requiring that each sectioning cycle is initiated by the operator.  Upon completion of a section, the instrument will return to a ‘ready’ mode awaiting section retrieval or the initiation of another cycle.  The amplitude of the blade vibration and the speed of blade advance are both adjustable.  We will start with amplitude of 4 and speed of 1.
1) Blocking and mounting the brain:  "Blocking" is the process where parts of the brain are removed, that are not necessary for sectioning e.g. olfactory bulb and brain stem.  This can be done using a single edged razor blade.  Then the brain is cut coronally into two parts (anterior and posterior) for mounting.  It is very important that these cuts are as even as possible, providing a uniform and symmetrical base to attach to the platform.  

2) The brain is mounted on a platform or a small "chuck", using crazy glue.  Placing the brain on the chuck is a critical step.  Put a small drop of glue on the chuck and take great care to orient the brain correctly (e.g. dorsal side ‘up’ for coronal sections) to ensure symmetrical sections.

3) The knife:  A razor blade should be cleaned, cut into two equal pieces and mounted in the blade holder.  This will be demonstrated for you.

4) Sections:  Sections can be collected in any of three planes of section:  coronally, horizontally or sagittally.  For the Nissl sections we will be cutting coronally, but the Golgi sections are cut sagittally.  It is very helpful to orient yourself using a Mouse atlas.  A brain atlas has detailed photographs of sequential sections, stained and accompanied by labeled diagrams indicating the brain structures.

5) Collect a couple of 100µm sections into a petri dish filled with water and look at them under a dissecting microscope.

6) Sections should be kept in the sequence that they are cut.  The sequence can be maintained by placing the sections in a multiwell container (e.g. a 9 well depression plate).  A section can be placed in each well filling from left to right and then down through the rows.

7) Mounting sections:  To make sure that the sections will adhere to the slide, subbed or ‘plus +’ slides will be used.  Subbing uses gelatin as the glue and the + slides are electrostaticly charged to prevent the slides from falling off the slide during staining.  The sections will be mounted on a ‘plus +’ slide using distilled water and a paintbrush to gently move them into position on the slide.  Label the slides with pencil on the etched end of the slide and when dry place the slides in a slide rack.  If necessary, slides can be dried on a slide warmer but be careful to monitor closely to check for section curling.

8) Scheme for labeling slides:

Mouse strain

anterior posterior
slide #

e.g.  Mouse strain B, anterior half, second slide would be: B, ant, 2 etc.

9) Clean up:  When all the sections are collected, don't forget to clean up; discard the remaining brain and sections, clean and store the knife blade.

lI.
The Nissl Stain: a stain for cell bodies

This stain is used widely in many research labs to examine the overall morphology of the brain.  It is often used to verify the location of a lesion or an electrode.
A.  Solutions  - these solutions can be used several times, but they should be covered during storage:
1)  Cresyl Violet Acetate

a.  1% cresyl violet in ddH2O

b.  acetate buffer - pH 3.7



acidic component - 6 ml glacial acetic acid in 1000 ml ddH2O



basic component - 13.6 g sodium acetate in 1000 ml ddH2O


Combine acid and base in a 9:1 ratio and titrate to pH 3.7.

c.  Combine cresyl violet and acetate buffer in a 1:1 ratio and filter the solution.

2)  Differentiation solution


90% EtOH with 6 drops of glacial acetic acid/dish

3)  Alcohol series

4)  Hemosol

5)  Permount

B.  Equipment.

Vibratome





9 or 12  well plates

Petri dishes





paint brushes

subbed or + microscope slides & coverslips

stopwatch or timer
slide racks & dip trays




slide warmer (optional)

dissecting microscopes




mouse brain atlas
C.  Staining Protocol
The sections are first demyelinated by passing them through an alcohol series, then stained with cresyl violet, destained with acetic acid, and finally dehydrated. 

The slide rack is placed in the following solutions for the times indicated.  When moving the rack between solutions, dab the bottom of the rack onto paper towels.  

1)  Demyelination

a. 70% EtOH





5 min

b. 95% EtOH





5 min

c. 100% EtOH





5 min

d. 95% EtOH





5 min

e. 70% EtOH





5 min

f. 50% EtOH





5 min

g. ddH2O






rinse

2)  Stain

a. cresyl violet





4-5 min

b. ddH2O






x3; 30 sec

c. 70% EtOH
         




5 min

d. 95% EtOH





5 min

e. differentiate in acetic acid & 95% EtOH

variable

f. 95% EtOH





1 min

g. 100% EtOH





1 min

h. hemosol






3 min

TIP:  Step 12 is the destain step.  The sections need to be carefully monitored at this step to determine the degree of staining.

When they are dry they are ready to be cover slipped with Permount.  Cover slipping will be demonstrated in the lab.  After drying overnight they can be examined under the microscope.
III. Golgi Sections of Mouse Brains

Santiago Ramon Y Cajal, in the 1890s was the first neuroscientist to understand that the nervous system is composed of individual cells.  This discovery resulted from his meticulous work using the Golgi stain.  He made careful drawings of different cell types and many of his drawings are still used in textbooks today.

The Golgi stain is unusual because, while it stains for the entire cell membrane, it does not stain every cell; it stains approximately one cell in 500.  The reason for this staining pattern is still unknown.  However the result is that a neuron is stained in its entirety and its outline can clearly be distinguished from adjacent cells.  

Control and mutant Golgi slides have been prepared by the following method:

· Mice were sacrificed in CO2, and brains were immediately removed from the skull.  

· Whole brains were stained using the MTR Scientific FD Rapid GolgiStain KitTM.  This is a kit that has not only significantly simplified and improved the Golgi technique, but has proven to be extremely sensitive and reliable for revealing morphological details of neurons.  At least 10 days are required prior to sectioning.

· The kit contains 5 prepared solutions: A, B for fixation; solution C for brain storage.

· Brains were sectioned into 150µm sagittal sections and mounted on slides with solution C.  Sections were then dehydrated, using an alcohol series, and cover slipped.

· Solutions D and E are the staining solutions.

IV.  Data Analysis

1. Review the neuroanatomy that you learned in NEUR 100.  Use the images at the beginning of Lab 1C to label the structures in each brain section.  We will start the next lab with a quick quiz/review.

2. After the quiz we will establish a strategy to assess differences between mutant and wild type mice comparing:


a.
brain weights

b.
brain images taken with the Spot camera before sectioning the brains 

c.
Nissl stained slides


d.
Golgi stained slides.

Before lab, consider the best way to do these measures within the lab group.

3. Think about which areas of the brain should be compared.
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