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The Shared Microscope Resource:  A 

Central Spot for Research



Why Shared Resources?

• Cost Effective
Economy of Scale – Cost Sharing

Competitive for R01 & Center Grant Support

Competitive for SIGs

• Technical Expertise Centralized

• Cross Fertilization of Ideas



Expert Staff

• Maintain Instruments 

• Train in Proper Instrument Use

• Plan Experiments

• Analyze Data

• Central Point of Knowledge of Microscopy at Institution

• Identify Needs for Technology Upgrades or Development

• Crosstraining to cover on vacations/sickdays/meetings and 

during other appointments

• Work as team – Complement Expertises

• Business Functions – Billing and Fundraising



When A User Turns On An 

Instrument, It Works Correctly



Example of Training
Every user is taught to set 

up Koehler illumination 



Example of Training Combined 

With Maintained Instrumentation
In a training session, a new 

user can go from this…





Help Plan Experiments

I’m studying a receptor and need to see where it is in the cell 

before and after treatment with a drug…

According to biochemical data, the kinetics of 

polymerization is 7 minutes after stimulation, but we 

need to see it in the cell as it happens…

I need to use the confocal.

After treatment, the tumors appear to be smaller, but 

we need to quantify this.  Also, the cells in the 

surrounding tissue seem to be more spiky.  Is there a 

way to quantify and correlate this too?



Analyze Data

Investigators may not 

be cell biologists.

Only the metaphase 

cell expresses the 

protein of interest.
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Centralized Knowledge

MICROSCOPY 

FACILITY

Cancer Center

Diabetes Center

Liver Center

Renal Program

Molecular Genetics

Developmental 

Biology

Cardiology

Neurology

Vendors Internet bboards
Literature



Logging Usage



Granting Agencies Require 

Usage Statistics
ANALYTICAL IMAGING FACILITY
Hourly usage calendar year 2001

hours percent
AECCC USAGE 11379 71.5%

ALL USAGE 15913 100.0%

AECCC 

USAGE

72%

OTHER 

USAGE

28%

In 2001 the AIF served 171 labs 

with investigators from at least 

21 departments…



Usage Statistics Contribute to 

Internal Budget Decisions

SEM

2%

TEM

36%

All Other 

Usage

62%



Expert Staff

• Maintain Instruments 

• Train in Proper Instrument Use

• Plan Experiments

• Analyze Data

• Central Point of Knowledge of Microscopy at Institution

• Identify Needs for Technology Upgrades or Development

• Crosstraining to cover on vacations/sickdays/meetings and 

during other appointments

• Work as team – Complement Expertises

• Business Functions – Billing and Fundraising



Director

• Supervise Staff

• Control Quality

• Keep users in line 

• Multi-Task

• Manage Time

• Teach Remedial Math, Histology, Cell Biology

• Know when to SAY NO!



Imaging Facility Techniques

Provide imaging by light and 

analysis of structures on the order 

of 10-2 m to 10-7 m.

This is standard macro imaging 

down to high resolution light 

microscopy.



Routine Light Microscopy



Simple Phenotype Analysis

Because the mouse eyes are themselves lenses, 

optical tricks were necessary to image the eyes even 

with simple brightfield optics.



Simple Phenotype Analysis

WT

MUT

Cortical bone area of femurs from 2-week-old mice were shown, 

slides were stained with H & E

Pictured by Dr. Xu-Ming Dai in Dr. E. Richard Stanley’s laboratory at AECOM



Live Cell Imaging



Next Level Of Sophistication:

Cooled CCDs



CCD Benefits & Drawbacks

Benefits

• Widefield exposes entire field 

simultaneously (time resolved)

• Fast & low noise

• Wide dynamic range

• Linear (allows quantification)

• Deconvolution to fix out of focus images

Drawbacks

• Deconvolution (postprocessing time & only on thin low-

scattering samples)

• Sequential imaging of multiple probes (now fixed)



Confocal



Thin Optical Sectioning
From a point to a 2D matrix to a 3D matrix (to true 4D)



3D in tissue





Time-Lapse 3D Confocal



Live Imaging Problems With 

Confocal 

•Single photon excitation scatters & is 

absorbed

•Emitted photons scatter & miss pinhole

•Bleaching & photodamage in entire cone of 

illumination



Multiphoton



Multiphoton



Multiphoton



Quantification of Movement

Typical Parameters:

•Velocity

•Persistence

•Area Change

•Shape Change



Time Lapse for Morphometrics



Semi-Automated Measurement 

of Motility



Microinjection



Correlation of Techniques



Each Image Acquisition & 

Analysis Package Has Scripting 

Capability

The Following Slides Show An Example 

Of Semi-Automated Analysis Combined 

With Training Of Very Simple 

Quantification of Concentration or Total 

Mass of a Chemical Species



Quantification of mass and 

concentration in cells by 

fluorescent microscopy and 

computer analysis

= ???



There are two types of 

measurements we get from 

intensity information.

1. Mass (total amount of a species in a given 

area or volume)

2. Concentration (amount of mass per unit 

area or volume)



Mass

Mass = integrated intensity = sum of all pixel values in a given area

DO NOT use the Integrated Intensity command in NIH-Image!!

11,852,009

238,088



Concentration
Concentration = mass per unit area (# of pixels) = mean mass

625.04

595.22



Concentration

625.04

595.22

238,088 / 400 =

11,852,009 / 18962 =

Concentration = mass per unit area (# of pixels) = average mass



Whoops, we skipped a step!

440 +/- 10

The previous measurements assumed an 

ideal situation where everything that was 

non-cell was pure black or zero.

But when we collect images, this isn’t 

true!



Area under the curve



Subtract the background

Let’s say that this box is 10 X 10 pixels.

Let’s say its integrated intensity = 100,000.

Let’s say that this box is 10 X 10 pixels.

Let’s say its integrated intensity = 44,000.

The mass of the box within the cell is really

100,000 – 44,000 = 56,000



Subtract the background

Because the background area may vary in 

size, it it simpler to always do the math 

based on the concentration.

The size or shape of this box doesn’t matter.

All we care about is that its

Mass / area = 440.

NIH-Image doesn’t give an integrated intensity 

measurement, but it gives a good mean (or 

average), therefore…



More simple math operators…

mass = cell_area * (cell_mean – background)

which is simple to calculate in Excel.



Macros 

What is a macro or script?

A short computer program which operates within an application.

Why use a macro?

One keystroke or click executes many commands.  This saves 

you time and helps maintain quality control.  And much of the 

math gets done for you without Excel.

But the intensity measurements look really simple to do, even 

with Excel, so why bother?

You need to do repetitions on particular compartments or on 

multiple probes.  Also, quality control and prevention of 

Repetitive Stress Disorder.



An example of why you need 

macros

Measuring concentration 

of a protein  as a 

function of distance 

from the leading edge.



Where to find macros

http://www.aecom.yu.edu/aif/analysis_tools/intensity.htm



An example



The “Annulus”



Results calculated for you



Correlating intensity 

measurements with other 

parameters

Mass & concentration measurements of whole cells or 

sub-structures can be grouped or classified by:

1. Cell area

2. Cell perimeter (a ratio of area to perimeter is a rough 

quality of roundness)

3. Cell polarity

4. Uptake of an external structure (e.g. bead ingestion)

5. Other morphological features



Ways to show these data

There is a correlation between higher concentration in 

the Golgi region and increased cell spreading.



Notes on intensity values.

CCD# 

1,2,3

Uncaging confocal NIH-

Image

15 bit 

camera

White 4095 4095 or 

65535

255 0 or 

indexed

32767

Black 0 0 0 255 or 

indexed

0



Converting pixels 

to mm

CCD#1 or CCD#2

Objective eyepiece binning typical approximate image size pixel size

60X 1X 1 X 1 1024 X 1024 pixels 0.11 um

60X 1X 2 X 2 512 X 512 pixels 0.22 um

60X 1.5X 1 X 1 1024 X 1024 pixels
0.073 

um

60X 1.5X 2 X 2 512 X 512 pixels
0.147 

um



Interchangeable Jargon

Mass = integrated intensity = sum of pixels

Concentration = mass / area = mean intensity = 

average intensity

Background = mean value of that stuff around the cell 

which really isn’t black



Not discussed today

• Justification of 2D imaging for our 3D cell 

measurements

• Requirements of light microscopy for 

getting images that can be analyzed

• How these methods can be used for other 

applications, such as automatic measuring 

of neurite outgrowth by density or by 

absolute count or for charting the tides 



Resources

I wrote the macros.  Make an appointment to talk to me.  

Leave a note or email to make an appointment if I’m busy.

http://www.aecom.yu.edu/aif/

links to

http://www.aecom.yu.edu/aif/instructions/manuals.htm

links to

http://www.aecom.yu.edu/aif/analysis_tools/intensity.htm



Another Example of Simple 

Scripts For Quantification 

Customized For A Researcher



Semi-Automated Measurements 

of Axons with Myelin Sheathes
MACRO 'Measure a traced axon [m]';

VAR

left, top, width, height : integer;

original : real;

axon, myelin : integer;

BEGIN

GetROI(left, top, width, height);

IF width = 0 THEN Exit; 

original := PIDnumber;

Measure;

ChangeValues(0,0,rMean[rCount]); 

AutoThreshold;

MakeBinary;

Measure;

axon := Histogram[0];

myelin := Histogram[255];

SelectWindow('AM_results');

Writeln(axon, chr(9), myelin);

SelectPIC(original);

KillROI;

END;

   axons      myelin  

259 796

670 1128

502 1407

468 1358

177 543

413 1003

885 1874

485 1054

320 811



Development

New Directions of the Resource Are Driven By 

Research Needs.  Development Leads to More 

Sophisticated Service.

What a Facility Can Provide:

All the Routine Service and Support Plus…

• Customization of instrumentation to meet needs of 

researchers

• Development



Biochemical Kinetics:

The Cell as a Cuvette

Example project for customization and development.



•Necessary for F-actin 

severing

•Phosphorylation 

regulates 

•Binds to F- and GDP 

G-actin

Cofilin

Caged at cysteine at S3 

position



Cofilin increases F-actin nuceation
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Uncaged S3C cofilin increases F-

actin nuceation
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Severing Assay using S3C-BNP uncaged through inverted microscope 
Actin filaments are severed by uncaged S3C



Technical Hurdles

• Experiments in cofilin expressing cells will 

have a high background due to endogenous 

cofilin

• Cofilin cannot be knocked-out; essential for 

viability

• Need alternate strategy



1. Serine 3 replaced with alanine or cysteine to 

prevent phosphorylation and shutdown

2. Microinject a plasmid to make cell overexpress 

LIM kinase to phosphorylate endogenous cofilin 

and shut down activity (activity can be regained by 

microinjecting S3A or S3C cofilin)

3. Microinject caged S3C

4. Uncage

5. Observe

Caged Cofilin 



Light path for uncaging through 

inverted microscope



During Upshift Lamellipod is 

500 nm thick



Watch Specific Proteins During 

Physiologic Events



Watch Specific Proteins During 

Physiologic Events



Uncaging in 5um spot



Uncaging in Diffraction Limited Spot



The Model

diffusion diffusion

F-actin Caged           Uncaged

Cofilin

ADP             ATP

G-actin(anchored:

rate of diffusion 0)



The Model

diffusion diffusion

F-actin Caged           Uncaged

Cofilin

ADP             ATP

G-actin(anchored:

rate of diffusion 0)



Integration of Imaging and 

Modeling



Define Species Within a 

Structure



The Reactions Are Mapped 

Graphically







Simulation Movie

Simulation of uncaging for 1 s and the following 9 s of 

recovery in a thin flat lamellipod of a cell approximately 30 

um wide. The caged S3C is quickly depleted and diffusion 

of caged S3C into the depleted volume is shown.  Red 

represents high concentration and blue represents low 

concentration.



These data inform how to modify our 

instrumentation and biology in the lab.



One Technique Applies to 

Another
Expertise in one technique provides expertise in others.

Biological data fed into simulations to calculate 

mechanism of transport, e.g. diffusion vs. motors



Developed Techniques for Single 

Investigators Become Available 

For Everybody



And, Finally…
The scientist who tells the story in the best way wins.

• What are DPI and 

PPI?

• What are RGB and 

CMYK?

• How do I make the 

figures 17.8 cm 

wide for the 

journal?

Make clear and simple final figures that are aesthetically pleasing.



Command Visibility

Proposals



Be Published 



Microscopy is an Art
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For more information…

http://www.aecom.yu.edu/aif/


