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PRODUCT REVIEW 

Catch and move cut or fuse 
Karin Schutze and Annette Clement-Sengewald 

Still almost unbelievable, but true: light exerts force. With these forces it is indeed possible to catch and move cells 
or small particles and microsurgically to process them without any mechanical contact. As if by magic, objects are 
moved via focused laser light. 

FOCUSED laser light is successfully used for 
'non-contact', extremely precise, optical 
micromanipulation in biology, medicine 
and chemistry. The development of new 
optical techniques and the commercial avail
ability of laser microscope systems with a 
wide variety of wavelengths and energies, 
have made powerful tools available to the 
scientists, opening new dimensions in 
cellular and subcellular research and 
applications. 

Laser microbeam 
The first such laser technique known as the 
'laser microbeam' is an extension of work 
by Tschachotin I using a focused light source 
in a microscope as a tool for non-contact 
optical surgery. With laser microbeams a 
new era of micromanipulation has begun. 
Using an ultraviolet (UV)-Iaser microbeam, 
energy densities at the focal point are ex
tremely high (up to 10 '2 W cm- 2), so that 
almost all known materials can be micro
surgically processed. As these energies arise 
only at the focal point, it is possible to work 
within the depth ofa transparent object with
out opening it. Thus, holes of less than one 
micrometre in diameter can be drilled into 
cell membranes or membranes of cell 
organelles. Even rigid plant cell walls can be 
perforated without impairing cell viability. 
This was used, for example, to introduce 
genes into plant cells andorganelles2 Minute 
cuts through chromosomes in vitro3

, as well 
as laser surgery on chromosomes in vivo4 

became possible. Reversible destruction of 
cytoplasmic organization in Lilly pollen 
tubes has been demonstrateds. Drilling holes 
into contacting areas of cell membranes 
caused fusion oftwo adjacent cells in differ
ent species6 (for reviews see refs 7 and 8). 

Optical tweezers trap 
In 1987, anotherrevolutionary laser tool, the 
so-called optical tweezers trap was devel
oped for manipulation of cells and particles 
with a diameter of a few hundreds of 
nanometres up to several tens of micro
metres9

. The tweezers trap consists of a 
single strongly focused laser beam and is 
technically called a single-beam gradient 
force trap. It works by using radiation pres
sure forces and optical trapping principles 
developed in the 1970s. Optical tweezers 
have a number of unique capabilities. For 
example, with tweezers working in the near 
infrared, one is able to capture, move and 
position a wide variety of single cells and 
subcellular particles without direct contact 
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or significant optical damage. Thus, the 
torque of bacterial flagellae was deter
mined '0. Automated single cell sorting ' !, 
studies of membrane formation and glyco
protein transport '2.

13
, as well as probing the 

elasticity of the cytoplasm!4 and membrane 
skeleton 's , have been described. In immuno
logical studies, the reaction of killer cells, 
brought into close contact with their target 
cells, was investigated'6. Chromosomes were 
optically trapped during mitosis in living 
cells without impairing theirviability '7. Also 
for the first time, it was possible to measure 
forces of motor molecules propelling 
organelles within a living organism!s. In 
vitro experiments, using optical tweezers in 
combination with sophisticated devices to 
measure particle displacement from the 
trap centre, have resolved the details of 
motion and force generated by single motor 
molecules with nanometre and piconewton 
precision '9 21 (for reviews see refs 22~25). 

Combined microbeam and tweezers 
Greulich's group in Heidelberg, Germany 
described the first combination of both laser 
systems in 1989. They used it for cutting and 
sorting chromosomes in molecular genetic 
studies26

.
27

• In 1991, Wiegand Steubing et al. 
at the Beckman Laser Institute in Irvine, 
California, used the 'cell fusion trap' to 
induce fusion of myeloma cellslR. One cell 
was brought into close contact with the tar
get cell using optical tweezers. Several shots 
with the UV-microbeam at the membrane 
contact area caused fusion. Bern's group in 
Irvine also used the microbeam combination 
to cut chromosomes in living PtK

2 
cells and 

to hold the fragments with the optical tweez
ers during mitosis29. A Japanese group dem
onstrated three-dimensional optical trapping 
com-bined with laser ablation of polymer 
latex particles30

• 

In 1993, an easy-to-handle, compact com
bination ofUV -Iasermicrobeam and optical 
tweezers trap with several, individually 
movable laser beams was introduced com
mercially. The PALM laser microscope 
system (P.A.L.M. GmbH, Wolfratshausen, 
Germany) combines the cutting abilities of 
the UV-Iasermicrobeam with the manipula
tive abilities of optical tweezers. Both laser 
systems are coupled into a light microscope 
or laser scanning microscope (Zeiss, 
Oberkochen, Germany), still allowing fluo
rescence illumination or confocal viewing. 
The laser beams are focused to spot sizes of 
less than a micron in diameter. At the heart 
of the system is a special laser interface, 

which allows focus adjustment independent 
of the microscope and three-dimensional 
beam positioning for each laser separately. 
Usually, laser beams are fixed at one posi
tion in the object plane and relative move
ment is performed by moving the back
ground via the microscope stage. The unique 
feature ofthe PALM system is that all lasers 
can be used simultaneously and, in addition 
to the relative movement, can be moved 
independently from each other in all three 
dimensions. Thus x,y beam positioning 
within a circle of about 75 !JI11 in diameter is 
possible. Furthermore, the infrared-laser is 
divided into two individually movable trap
ping beams to yield a double-beam optical 
tweezers trap. Another important point for 
nanometre accuracy in micromanipulation 
procedures is the possibility individually to 
correct laser focus positions in z-direction. 
This is especially necessary ifthe laser beam 
has passed through a thicker specimen, as 
any material within the light path behaves as 
a refracting medium and affects laser beam 
alignment. Beam positioning is motorized 
and comfortably managed via a joystick. 
The system is built modularly, so that each 
component is available separately and can 
be supplemented at any time. For minute 
object positioning the microscope is equipped 
with a multifunctional motorizedx,y,z stage, 
which may also be used to semi-automate 
certain micromanipulation procedures. The 
system is connected to a CCD-camera with 
contrast enhancement and an image proces
sor. Experiments are recorded on video and 
slides or prints can easily be retrieved 
from the videotape with a special photo
documentation unit. 

Double-beam optical tweezers 
The independent beam positioning of the 
PALM laser microscope system is particu
larly advantageous if objects need to be 
stretched out, aligned or turned around with 
two grabbing beams (for example, see 
Fig. la~d). Earlier this year, Finer et al. 
reported that they had used two optical traps 
to manipulate an actin filament through 
attached latex beads2!. 

Chu and colleagues have tested the recoil 
behaviour and visco-elastic properties of 
DNA molecules with a double-beam optical 
tweezers trap. For conformational studies 
they stretched out and fixed the elongated 
molecules to allow viewing with scanning 
tunnel or atomic force microscopy31. With 
the combined UV-laser microbeam and op
tical tweezers, chromosomes aligned be-
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FIG. 1 Human erythrocytes a, are stretched b, and turned c and d, 
using two independently movable trapping beams (scale bar: 
311m). Tiny holes are poked into the membrane without causing 
leakage of haemoglobin e and f. Scale bar, 1.5 11m. 

FIG. 2a and b, Tobacco mesophyll protoplasts (courtesy of 
Professor H. U. Koop, Botanical Institute, University of Munich) 
are brought into close contact using optical tweezers. C, With the 
double-beam tweezers trap the cells are held in tight contact 
during UV-microbeam treatment to avoid scattering of the fusion 
partners due to laser light pressure. The two trapping beams are 
positioned at a distance of about 1 11m right and left of the UV
laser site. d, In this way, fusion of free-floating cells may be 
induced. Scale bar, 6 11m. 

tween the two trapping beams can now be 
cut at desired positions. Or cells can be 
micro surgically processed, while being held 
and positioned by the trapping beams. The 
ability to focus the laser beam precisely in 
thez-directionallows small holes to be poked, 
for example, in membranes of erythrocytes 
while they are trapped, without causing leak
age of haemoglobin (Fig. Ie and}). 

Furthermore, single cells or larger parti
cles can be grabbed with two beams and 
rotated for optimal viewing to provide, for 
example, new insight into surface pattern 
configurations or membrane elasticity. With 
the combination ofthree independentlymov
able laser beams it is also possible to induce 
fusion of cells, which are free floating in 

a 

c 

suspension, and/or of cells with unequal 
sizes (Fig. 2). 

Micromanipulation of gametes 
An advantage of these new non-contact 
laser techniques is that they can be used 
in closed, sterile, temperature-controlled 
chambers free of evaporation and mechani
cal contact. There is no need for preparing 
and sterilizing microtools like holding pi
pettes or microneedles. Thus, complete ste
rility and high precision as well as selectiv
ity can be achieved in micromanipulation 
procedures. These techniques may serve 
to supplement or replace the more stan
dard manipulation techniques based on 
fine glass needles or pipettes mounted 

on mechanical microma
nipulators. 

b 

FIG. 3 Cattle oocyte a, before and b, after laser zona drilling. 
C, Sperm caught in the tweezers trap and dragged through the 
laser-drilled hole into the perivitelline space. d, The sperm is 
brought into close contact with the oolemma and a second sperm 
is inserted. Scale bar, 7 11m. 

An important applica
tion of combined usage of 
tweezers and UV-laser 
microbeam is the micro
manipulation of gametes 
and early embryos for 
studying the fertilization 
process and possibly in
creasing the efficiency of 
in vitro fertilization32

•
33 . The 

UV-laser microbeam was 
successfully used to fuse 
blastomeres of mouse two
cell-stage embryos, which 
were capable of cell cleav
age and in vitro develop
ment34

. Drilling holes in
to the zona pellucida of 
oocytes can be performed 
with high precision35

. Ng 
et al. succeeded in a 
significantly increased 
fertilization rate in mice 

668 

with live-born offspring after non
contact laser zona drilling36,37. They also 
achieved increased hatching rates (S, C. 
Ng, personal communication). Optical 
trapping and relative force measurements 
of human sperm in a two-dimensional 
laser trap was reported by Tadir38, Colon 
et al. caught human sperm in a three
dimensional laser trap and examined the 
influence of the trapping beam on sperm 
velocity39. 

The combination ofUV -laser microbe am 
and optical tweezers for assisted fertiliza
tion was suggested by Ng et al. in 1992 
(ref. 40), Using the PALM laser microscope 
system, we succeeded for the first time in 
drilling a hole into the zona pellucida 
and inserting a single sperm through the 
laser drilled hole into the perivitelline 
space41 (Fig. 3), The sperm could even be 
dragged around within the perivitelline 
space and brought into close contact with 
the oolemma to facilitate oocyte-sperm fu
sion, Fertilization was achieved in cattle 
with a rate of about 4 per cent and first 
treatment in humans with severe male infer
tility revealed about 20 per cent cleaved 
embryos. 

The UV-laser can also be used to para
lyse a sperm caught in the optical trap. 
One single UV -shot in close vicinity of 
the waving sperm stops movement immedi
ately. Depending on the energy, motility 
is restored after some time, But with a 
precisely aimed second laser shot, the tail 
can be entirely separated from the sperm 
head, In this way, immobilized sperm or 
sperm without any or a short piece of the 
tail can be inserted underneath the zona 
pellucida. This procedure not only re
duces the laser power needed for trapping 
but also gives a way of evaluating the 
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necessity of the spenn tail for the fer
tilization process. 

Future applications 
The combination of a UV -laser microbeam 
and a double-beam optical tweezers trap 
with independently movable laser beams 
opens a new field of 'non-contact' micro
manipulation with nove! applications in cell 
biology, medicine and chemistry. Due to the 
convenience and easy handling ofthe PALM 
laser microscope system, this quick and re
liable tool can be used by almost anyone 
without dealing with the details of laser 
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From the analytical arena 
Exhibits at Analytica '94, to be held next week in Munich, Germany, will include a range of particle characterization 
products, an enzyme immunoassay for the detection of autoantibodies to p53 and a second-generation mass analyser. 

SIGMASTAT for Windows available from 
Jande! Scientific is a statistical software 
package that was designed specifically with 
the scientific and engineering research com
munity in mind (Reader Service No. 101). 
The US$495 program's procedures include 
descriptive statistics, t-tests, analysis ofvari
ance, correlation, z-tests, chi-square tests, 
nonparametric methods, linear, multiple lin
ear and nonlinear regressions, power and 
sample size. If a researcher is unsure about 

Statistical solutions from Jandel Scientific. 
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which test to use, SigmaStat's "Advisor" 
feature can be used, The program is also said 
automatically to handle missing and unbal
anced data without making the user throw 
away any data, Data import options include 
text, spreadsheet (Lotus 1-2-3, Symphony, 
Excel and Quattro), database (dBase), 
SigmaPlot (Windows, DOS and Macintosh) 
and SigmaStat (DOS) files. The data work
sheet stores over I billion data points and 
allows the user to transpose, insert, delete, 
sort, index and stack data. A range of user
defined mathematical transfonn functions 
are included - trigonometric, numeric, range 
and accumulation functions. 'Quick Trans
fonns' allow the user to transfonn columns 
of data in one step, 

Janssen Chimica is offering the research 
community very pure prototypical members 
of the fullerene family (Reader Service No. 
102), The line-up includes fullereneC 6o (99.9 
per cent plus purity, HPLC), fullerene C

60 
(99.9 per cent), fullerene C

70 
(99,9 plus per 

cent, HPLC) and fullerene C
70 

(97 per cent). 
Also available are calixarenes - macro-

cycles made up of phenolic units meta
linked by methylene bridges and possessing 
basket-shaped cavities. 

• Molecular means 
For all those nucleic acid electrophoresis 
applications, especially sequencing and sin
gle-strand conformation polymorphism 
(SSCP), which are sensitive to temperature 
fluctuations, Bio-Rad recommends its new 
Sequi-Gen I1/PowerPac 3000 systems 

For temperature-sensitive applications -
see Bio-Rad. 
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