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ABSTRACT 
Cells are composed of a number of membrane barriers and fluids of differing linear and nonlinear elasticities and 
viscosities. Nanomechanical measurements through the entire thickness of a cell can be difficult to perform, given 
that most available mechanical probes (e.g. atomic force microscope tips) are tapered or limited in length. We 
have recently demonstrated a simple method of growing Ag-Ga nanoneedles (100 nm diameter, 7-70 microns 
long) onto AFM tips at room temperature. The constant diameter needle gives clearly measurable force-distance 
curves when the 29 micron long nanoneedle is forced longitudinally into a red blood cell. Because the needle is 
long we observe a force response all the way through the cell down to the substrate beneath. A critical force of 
175 nN breaks the outer cell membrane, 75 nN at 278 nm beyond the first membrane breaks an inner membrane, 
and at 1,200 nm the needle goes into hard contact with the glass substrate. Note that the needle is rigid, being 
well below its buckling limit of 2,000 nN. Within an electron microscope we have inserted a 200 nm diameter 
nanoneedle at oblique angles over 2.5 microns into yeast cells without it breaking, and much greater distances 
appear possible. 
 

INTRODUCTION 
We recently demonstrated methods of directly self-assembling long and flexible metallic nanoneedles of 25 to 300 
nm constant-diameter on the end of atomic force microscopy (AFM) probes [1,2], together with the application of 
these needles to in situ mechanical [2,3] and rheological [4] investigations.  These nanostructures have unique 
and robust properties that would make them well-suited as nanotools for performing in situ measurements, 
property determinations, and surgeries inside living cells and even sub-micron intracellular organelles.  The 
concept for a hybrid electronic-cellular is illustrated in Fig. 1.  Such devices could enable real-time interfaces 
between hard inorganic and soft biological materials, where many of the most novel and significant research and 
technological developments are anticipated.  Such systems not only might provide real-time sensing of the cell 
physiology, but the cell and its organelles may be used as exquisite sensors of various chemical, biological and 

Figure 1.  Concept drawing of a workstation for live cell and organelle probing with nano-biosensors.  Picture of 
cell is from website of freely-available images.   



environmental conditions.  For example, the exquisitely specialized and adaptable sensing and signaling 
capabilities of cells, if sensed by an appropriate probe could be used to detect both previously cataloged and new 
threats; e.g., genetically modified pathogens.  The high aspect ratio of needle-shaped probes enables them to be 
inserted deeply into cells and their surprising flexibility [3] enables them to resist breakage.  Their small diameter 
should minimize disruption to the cell, as compared to earlier probes (e.g. patch clamps) that generally sense just 
outside or just inside the cell membrane.   
 
In this report we present our first preliminary investigations into using the probes to sense viscoelastic properties 
of cell membranes and cytoplasm.  During the course of the investigation, several surprising results were noted, 
including the formation of nanofibers and the sudden attachment of individual cells to the needles.  These 
changes were detected by AFM force sensing through the needle-cantilever system.   
 

VISCOELASTIC SENSING OF AND THROUGH THE CELL MEMBRANE 
The drawing of the probes in Figure 1 represent high-aspect ratio needles on the end of AFM tips, e.g. the one 
shown in Figure 2.  Needles of this length, and much longer, have been inserted through blood, yeast cells and 
endothelial.  Figure 2 shows a yeast cell inside a high vacuum scanning electron microscope (SEM) that is being 
penetrated by a rather large (sub 500 nm diameter) needle.  The yeast rapidly dries in this environment, 
becoming tougher and less resilient (to the point that the membrane does not recover from being depressed after 
it is punctured.  Efforts are underway to repeat these experiments in an environmental SEM (0.02 bar, 100 % 
relative humidity) to avoid drying.    

We also used these needles in an AFM at standard temperature and pressure in a laboratory environment and 
tested blood cells.  A small drop of freshly drawn human blood (thinned 50:1 in saline) was placed on a 
microscope slide and immediately placed under the AFM (Asylum MFP3D).  Individual blood cells at the edge of 
the liquid were sighted through the viewing optics of the AFM.  The needle (200 nm diameter by 29 µm long) was 
brought into contact with a cell (before it could dry out.)  Figure 3 shows the resulting force-distance (F-D) curve. 
The 175 nN step in force, on the far right of the (red) extension curve, corresponds to puncturing the cell 
membrane.  Further investigation is required to determine the extent of the membrane that deflects and provides 
resistance to needle, before the membrane buckles and yields.  Over the next 278 nm there are a jagged set of 
features, which have an appearance similar to the stick-slip motion encountered in frictional measurements of 
solid surfaces [2].  At 278 nm (past the membrane penetration) the force increases by another 70 nN and then it 
releases, suggesting that an interior membrane has been penetrated.  Another 95 nm into the cell, another similar 
event of 70 nN force is detected.  Beyond this insertion depth, the slope continues to increase as the needle is 
coming in contact with the underlying glass substrate.  The left inset shows the same AFM probe directly in 
contact with the glass surface.  The slope is nearly linear with a slope (or spring constant) of 3.77 N/m, which is 
very close to the slope of the (blue) retraction curve.  The non-linear response is due to a slight cantilever beam-
bending of the needle [2]. The inset on the right shows changes in four successive F-D scans in the region 
marked by the asterisk.  The peak force is decreasing.  We wonder if this might be related to non-recovery of the 
membrane.  While the cell is drying out, it is unlikely that drying alone could account for the loss of resilience over 
the 12 s of the four scans.  This preliminary data shows that there is a wealth of informative that can be gathered 
from F-D microscopy of cells. Future studies with cells at physiological conditions will be of great interest.     

Figure 2.  Needle-tipped AFM probe and insertion of a needle through a yeast cell. 
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SUDDEN ATTACHMENT OF SINGLE CELLS TO NANONEEDLES 

Cells suspended in liquid can rapidly attach to surfaces and grow into confluent layers.  This is of great 
importance in the field of tissue engineering and organ regeneration.  Endothelial cells that make up micro-
capillaries are of great interest for this purpose.  We have found that endothelial cells are easily captured by the 
needles.  Endothelial cells were cultured on a glass depression microscope slide under liquid medium at 37 oC for 
three days forming a confluent monolayer.  The slide was transferred to the AFM keeping a small amount of liquid 
in the depression of the slide.  Probing was performed at the edge of the liquid where the cells are wet by an ~ 1.5 
µm (as determined by AFM F-D curve) thin layer of media.  The needle is inserted for about 2.5 µm into a single 
cell (at the center, thickest region of the  cell, normal to its ~40 µm long by 10 µm wide footprint) using a force of 
200 nN to break through the membrane.  This scan is completed in under 2 seconds.  Even at a retraction of 16 
µm, the cell still appears to be attached to the needle.  The probe is removed from the AFM and transferred to the 
SEM where we see that the cell has conformed to the needle.  It now lies along the needle and has the same 
appearance as it did when it was on the glass surface.  (Figure 4, left image).   That is, the cell has reoriented 
itself to conform to the needle. Surprisingly we find that the needle is now covered to a much greater length than 
our original insertion depth.  We have repeated this procedure identically with three unused needles.  The same 
experiment with dead cells shows no response to the nanoprobe.  This result is of great significance, because 
having a small needle as a platform to support a much larger cell provides a very convenient, minimally-disturbing 
support for experimentation with the cell and investigation of how the cell interacts with other materials, surfaces, 
and cells.   
 

SPONTANEOUS GROWTH OF BIOLOGICAL NANOFIBERS ON NANONEEDLE PROBES 
The blood cells in a freshly-drawn drop of blood settle quickly.  The clear serum above the cells was dipped into 
repeatedly with a needle-tipped probe while recording the F-D curve.  The graph in Fig. 5 shows the retraction 
curves from the serum.  From 0-580 s of scanning the retraction shows a snap-out response (corresponding to a 
surface tension of 50 mN/m) that is typical for most low viscosity liquids [4], e.g water, as the AFM tip pulls free 

Figure 3.  F-D curve of a fresh red blood cell on a glass slide.  The insets show the elastic response of the 
needle-tipped AFM probe (left inset) and the change in the feature marked by the asterisk over four successive 
F-D scans at 3 s intervals (right inset).   
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from the liquid.  At 752 s and longer 
the snap-out feature diminishes and 
an increasing linear tensile force 
develops.  (Note that the curves have 
been offset horizontally to account for 
changes in the height of the droplet 
over time, as an aid to interpreting the 
curves.  Without this offset as time 
increases, each curve would be 
shifted more leftwards than the 
previous one.)  The SEM images in 
Fig. 5 show the needle with an 
attached fiber. This fiber is 
remarkable in that its diameter is 
close to that of the needle, which is on 
the order of 100 nm.   When we pull 
fibers from viscous polymer-solvent 
solutions, the diameters at the needle 
would typically be much larger than 
the needle because usually, due to 
wetting behavior, there is a large 
accumulation of liquid adhered to the 
needle [5,6].  The reason for the 
unexpected, but highly desirable fiber 
geometry, may be due to 
polymerization of monomers, rather 
than solidification through drying of a 
polymer in solution.  The protein fibrin, which is involved in the clotting of blood, forms by polymerization of 
monomers.  We believe that the fiber is composed of fibrin.  The evolving force curves are indicative of the fiber 
growing in diameter.  Its length of 7 µm (prior to breaking) was many times its diameter, which may have been 
directed by the repeated retraction of the needle into air.   
 

Figure 4.  Needle-tipped AFM probes with attached (left) endothelial cell 
and (right) polymerized protein fiber from saliva and mouth scrapings.   
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Figure 5.  Growth  of nanofibers from blood serum.  (Left) F-D curve as fiber grows and (center and right) image 
of the needle with a 100 nm diameter (presumably, fibrin) fiber.  Most of the fiber length was broken off prior to 
taking the high magnification images.  Figure 1 shows the needle on an AFM probe, prior to fiber formation.  



Figure 4 (right) shows a fiber that is ten’s of microns in length.  It was formed from saliva and cells scraped with a 
wooden tongue depressor from the inside wall of the mouth. The depressor is dipped inside a droplet of water in a 
depression microscope slide. A few minutes later, the needle is dipped inside the liquid and lifted from the liquid.  
The fibers are so long that retraction is done manually using the manual Z stage of the AFM.  Fibers as long as 
150 micron and as small as few ten’s of nanometers have been formed by this simple process.  
 

CONCLUSIONS 
The above initial experiments on mechanical probing of cells and biological materials shows that the probes can 
sensitively interact to perform useful measurements of biological processes, including transformation, growth and 
motion of biomaterials and living cells.  Given the robustness, sensitivity and spatial resolution of these probes, it 
is likely that they can provide insight into cellular processes in real-time with unparalleled resolution, and 
integration of cellular functions with electronic, electromechanical, chemical, electrochemical [7] and cybernetic 
functions of great complexity and richness.   
 

ACKNOWLEDGEMENTS 
This study was partially supported by National Science Foundation Grant ECS-0506941 and National Aeronautics 
and Space Administration cooperative agreement NCC5-571. 
 

REFERENCES 
1.  M. M. Yazdanpanah, S. A. Harfenist, A. Safir and R. W. Cohn, “Selective self-assembly at room temperature of 
individual freestanding Ag2Ga alloy nanoneedles,” J. Applied Physics. 98(7), 073510 (7 pgs).  (1 October 2005) 
 
2.  M. M. Yazdanpanah, “Near room temperature self-assembly of nanostructures by reaction of gallium with 
metal thin films”, Ph.D. Dissertation (University of Louisville) (2006) 
 
3.  V. V. Dobrokhotov, M. M. Yazdanpanah, A. Safir and R. W. Cohn, “Comparing generalized elastica model to 
experimental buckling characteristics of nanowires,” Society for Experimental Mechanics Annual Conference & 
Exposition on Experimental and Applied Mechanics. (3-6 June 2007, Springfield, MA) 
 
4.  M. M. Yazdanpanah, M. Hosseini, S. Pabba, S. M. Berry, V. V. Dobrokhotov, A. Safir, R. S. Keynton and R. W. 
Cohn, “Rheological measurements by AFM of the formation of polymer nanofibers,”  Society for Experimental 
Mechanics Annual Conference & Exposition on Experimental and Applied Mechanics. (3-6 June 2007, Springfield, 
MA) 
 
5.  S. A. Harfenist, S. D. Cambron, E. W. Nelson, S. M. Berry, A. W. Isham, M. M. Crain, K. M. Walsh, R. S. 
Keynton and R. W. Cohn, “Direct drawing of suspended filamentary micro- and nano- structures from liquid 
polymers,” Nano Letters 4(10), 1931-1937. (13 October 2004)  
 
6.  S. M. Berry, S. A. Harfenist, R. W. Cohn and R. S. Keynton, “Characterization of micromanipulator-controlled 
dry spinning of micro- and sub-microscale polymer fibers,” Journal of Micromechanics and Microengineering. 16(9) 
1825-1832. (1 September 2006) 
 
7.  A.Safir, M. M. Yazdanpanah, S. Pabba, S. D. Cambron, F. P. Zamborini, R. S. Keynton, and R. W. Cohn,  
“Fabrication of an insulated probe on a self-assembled metallic nanowire for electrochemical sensing inside cells,” 
6th IEEE Conference on Nanotechnology, Vol. 2, 898-900 (19 July 2006, Cincinnati, OH). 
 


