
USING A MICROSCOPE TO MEASURE THE
GLUE THAT HOLDS US TOGETHER

Stephen W. Carmichael,1 Mayo Clinic

We think that adhesion molecules hold cells together. This is the "glue"
that holds us, and every other multicellular life form on this planet, together.
Intriguingly, the atomic force microscope has recently been used to directly
measure the binding force of one of these adhesion molecules. We now have
direct evidence that adhesion molecules have the physical properties required
to hold cells together. This essential new information shows that these
molecules can perform the function that have been assigned to them. You'll
be delighted to know that this molecule is more than strong enough to do its
job!

As pointed ou! previously in this column, the atomic force microscope
(AFM) can be used to measure attractive forces between molecules. The key
to this technique is that the spring constant for the cantilever ot the AFM can
be known, allowing for the forces that deflect the cantilever to be quantitated.
Ulrich Dammer, Octavian Popescu, Peter Wagner, Dario Anselmetti, Hans-
Joachim Gtintherodt, and Gradimir Misevic used this principle to measure the
binding strength between cell adhesion proteoglycans from a marine inverte-
brate. This molecule from the sponge Microciona prolifera is well character-
ized and is known to mediate cell recognition and aggregation in vivo. After
isolating the proteogiycan, they imaged the molecules with an AFM and saw a
ring-shaped molecule with a diameter of 200 nm and about 20 "arms" extend-
ing from the ring, each 180 nm in length. They demonstrated that AFM gave
more 3-dimensional structural information about the molecule than can be
seen by electron microscopy.

To measure interaction forces between adhesion proteogiycan
moiecuies, they covalently attached the proteoglycans to the sensor tip of an
AFM and to a flat surface. They advanced the cantilever tip toward the sub-
strate surface in a series of approach-and-retract cycles. Since the binding
events remained stable during the course of a given experiment, it was consid-
ered that none or very few of the functional adhesion sites on the proteogiycan
molecules were irreversibly damaged. An approach-and-retract cycle showed
that there was no adhesion until the molecules touched, then an adhesion

force was detected until the tip had been retracted about 200 nm from the surface.
From this type of data it was suggested that there are long-range interactions be-
tween proteogiycan molecules, interpreted as the lifting and extension of the arms
of the molecules, followed by further stretching until the elastic force of the can-
tilever equaled the strength of the binding. A sudden change in the bending of the
cantilever indicated the lever "jumps off." In buffered seawater with a physiologic
concentration of calcium ions, the jump offs indicated an adhesive force of 40 ±
15 piconewtons. The effect of varying the calcium ion concentration was consis-
tent with expectations from aggregation studies. The fact that this study was car-
ried out in a physiologic solution that can be manipulated is an important advan-
tage. Also, an antibody that is known to inhibit adhesion proteogiycan-promoted
cell adhesion reduced the interactive force in a predictable fashion. These three
lines of evidence showed that the interactions between the proteogiycan
molecules in the AFM resemble cell-to-cell adhesion events observed in vivo.

Further experiments suggested that the 40 piconewton step corresponded to
the unbinding of a single pair of adhesion proteoglycan arms, with the variation
caused by different amounts of overlap. Larger binding forces represented multi-
ples of paired binding arms. It was also noted that the covalent bonds formed by
these molecules were several times stronger than the binding forces, so that the
molecules were not ripped apart by interactions with their neighbors. These quan-
titative measurements of properties of single molecules is exciting indeed.

Dammer et at. calculated that the 400 piconewton cohesive force between
two individual adhesion proteogiycan moiecuies involving 10 pairs of arms could
theoretically hold the weight of approximately 1,600 cells in a physiologic solution.
With at least a thousand adhesion proteogiycan molecules per cell, this sponge
seems to be well glued together! •
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• May 5/31 '95: Workshops: Site/area-
Specific Cross-sectioning and Materials Ultra-
microtomy. (AMC Group). Several locations.
(602)9494203. Fax: (602)947-7615.

• May 6/11'95: Food Structure Annual
Meeting (Scanning Microscopy International).
Houston, TX. Dr. OmJahari. Tel.; (708)529-
6677. Fax: (708)930-6698.

•f May 12/13 '95; Spring Pacific Northwest
Electron Microscopy Society Meeting. Port-
land, OR. Dr. Bob Kayton: (503)494-2504, Fax:
(503)494-6831.

• May 15/17 '95: TEM Specimen Prepara-
tion (Gatan). Pleasanton, CA. Chris Byrne;
(510)463-0200.

• May 16/18 '95: Computer-Assisted Image
Analysis and Measurement (North Carolina
State Univ.). Raleigh, NC. Belinda Niedwick; Tel.:
(919)515-2261, Fax; (919)515-7614.

• May 18/20 '95; Cryo-TEM of Colloidal Ma-
terials (CIE, Univ of MN). Minneapolis, MN. Beth
Trend: (612)624-1365.

• May 20/24 '95: EUCHEM Conference on
Electron Microscopy in Solid State Science,
Lund, Sweden. Swedish Nat'l Committee for
Chemistry. Tel:+46-(0)84115230

•/ May 29/June 23'95: Introduction to the
Wleiofauna (Univ of S. Carolina short course).
Gerogetown, SC. Kitty Harper. (803)777-2692

</ June477'95: 22nd Annual Meeting of the
Microscopical Society of Canada. Univ of Ot-
tawa. Shea Miller, Tel.: (613)9574347 X-7709,
Fax:(613)943-2353.

y June 6/9'95: 3rd Annual Symposium on
AFM & STM (US Army Natick RD&E Ctr. Natick,
MA. Samuel Cohen: (508)6514578
•/ June 7/9'95: Immunocytochemistry and
Image Analysis for Confocal and Electron Mi-
croscopy (Geo. Washington Univ. 21st Annual
Program). Washington, DC. FredG.Lightfoot
(202)994-2881, Fax: (202)994-8885.

• June 12/22'95: Lehigh Microscopy
Courses - SEM, X-ray Analysis, AEM, AFM.
Bethelem, PA. Prof. David B. Williams, Tel.:
(610)758-5133, Fax: (610)7584244.

• June 15/17 '95: Microwave Workshop.
(Ted Pella, Inc.) California State Univ, Chico, CA.
Rick Giberson: Tel.: (800)237-3526 (US) or
(800)637-3526 CA), Fax: (916)243-3761.

• June 19/23'95; MICRO ONE -Intensive
Course in Light Microscopy (Gordon Grau Sci-
entific). Kissirnmee, FL. Barry Fookes: Tel/Fax:
(407)931-1975

• June 26/30 '95: Congres "Trinoculaire" de
Microscopies Electroniques. Joint Meeting
SBM, SFME, SGOEM. Details: P.A. Buffat,
EPFL-CIME. Fax: +41 21 6934401, eMail:
philippe.buffat@cime.cpfl.ch

• June 26/30'95: Computer Simulation
and Processing of HRTEM Images. NCEM,
Lawrence Berkeley Lab., Berkeley, CA.
Michael A. O'Keefe, eMail: MAOK@LBL.GOV.

• June 26/30 '95: 11th Annual Short
Course on Molecular Microspectroscopy.
Oxford, OH. (513)529-2873

• June 10/13 '95: INTER/MICRO '95.
McCrone Research Institute. Chicago, IL
Nancy Daerr, Tel.: 312)842-7100, Fax:
(312)842-1078

• July 3/6 95: CYTO 95 - The Applica-
tion of the Microscope in Life Sciences.
(RMS). Univ. of Southampton. Tel.: 0865
248768, Fax: 0865 791237

/ July 10/Aug 4 '95: Estuarine Fish Ecol-
ogy (U. of S. Carolina short course). George-
town, SC. Kitty Harper: (803)777-2692.

• August 6/11 '95: Microbeam Analysis
Society (MAS) National Meeting. Brecken-
ridge, CO. Gregory Meeker, Tel.: (303)236-
1081, Fax: (303)236-1414.

/ August 6/11 '95: XlVth International
Pfefferkorn Conference on the Science of
Biological Specimen Preparation for Mi-
croscopy and Microanalysis. Belleville, IL.
Marek Malecki: (608)263-8481, Fax; (608)233-
2400.

</ August 13/17'95: Microscopy Society
of America/Histochemical Society Annual
Meeting. Kansas City, MO. (800)538-3672,
Fax: (508)548-9053.

• August 29/Sept 2'95: 14th Interna-
tional Congress on X-ray Optics & Micro-
analysis. GuangZhou, China. Tel.: 8620-
777-5213, Fax: 8620-777-5791.

/ Sept 2/6 95: 3rd Interamerican
Congress of Electron Microscopy. Caxambu
MG, Brazil. ElliotKitajima, Tel.: 55-61-
3482424, Fax: 55-61-3499094.

• Sept 26/Oct 2 95: 14th International
EM Congress. Cancun. Mexico. Miguel Jose
Yacaman: 525-570-85-03 Fax; 525-570-85-03

• Sept 26/30'95: OIM Academy-EBSP
& Orientation Imaging Microscopy. (TSL,
Inc.). Provo, Utah. David Dingley: Tel:
(801)344-8990, Fax; (801)344-8997.

• Sept 29/Oct 1 '95: 14th Annual Ad-
vances in Microscopy Symposium
"Microscopy Outreach: Conveying its Sci-
ence, Art & Technology" (NCSMMA).
Wrightsuille, NC. Peter Ingram: (919)541-
6598, Fax: (919)681-8419.

• Oct9/13'95: Scanning Electron Mi-
croscopy and X-Ray Microanalysis for the
Materials Scientist. (SUNY • Inst. of Materi-
als Science). Mew Pate, NY. Dr. A.V. Patsis:
Tel.: (914)257-3800, Fax: (914)255-0978.
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