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Growth of Budding Yeasts under Optical Trap
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Abstract

Optic tweezer is powerful tool to investigate biologic
cells. Of eukaryotic cells, it was poorly documented
regarding to optic trapping to manipulate yeasts. In
preliminary experiment to explore yeast biology,
interferometric optical tweezers was exploited to
trap and manipulate budding yeasts. Successfully,
several budding yeasts are trapped simultaneously.
We found that the budding direction of the daughter
cell was almost outward and the daughter cell sur-
rounded by other yeasts grows slowly or fail to grow.
Thus it was assumed that neighboring cells around
budding yeast may be critical in budding and the
growth of daughter cells. This is first report pertain-
ing to the pattern of yeast budding under the optical
trap when multiple yeasts were trapped.
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because of the gradient of focused laser beam inten-
sity. The optical trapping force induced by optical
tweezers is picdNewton level forces enough to trap
or manipulate the particles including biological cells.
This optical trapping technique offer researchers
unprecedented experiments at the single cell or the
single molecule level.

The optical tweezers incorporated with position
detection techniquéé have been used to measure the
physical or mechanical properties of biological cell
such as force, motidn, viscosity, and elasticity°.

The interference of multiple beath®, the diffractive
optical elementd, or the spatial light modulatSris
used to trap multiple particles.

In this paper, we attempted to employ an interfero-
metric optical tweezers to trap simultaneously multi-
ple micropatrticles including biological cells. This is
first report pertaining to the pattern of yeast budding
under the optical trap when multiple yeasts were trap-
ped.

This study showed that optical tweezers are a
powerful tool for yeast cell biology research. Prior to
live cell trapping, we attempted to establish the opti-
mal condition of optical tweezer to test. Figure 1
shows the schematic of an interferometric optical
tweezers. We used a laser diode-834 nm, max.
power=200 mW) as a light source. The linearly polar-
ized laser beam was divided by a beam splitter. Two
laser beams reflected by two mirrors were incident
into an objective lens (49, NA=0.6) in a conven-
tional optical microscope. An interference pattern
was generated in the specimen plane. The particles
were the polystyrene spheres and the yeast, which
were suspended in the distilled water and the culture
medium, respectively. The chamber was made up of
the slide glass and the cover glass. The inset in Figure
1 shows the multiple polystyrene spheres (diameter
5um) trapped in the interference pattern. We can trap
and manipulate simultaneously multiple particles

Since Ashkiret al demonstrated the optical tweez- laterally in the specimen plane. Next, for live cell

ers is used to trap and manipulate microparticles in-trapping, we chosefaccharomyces cerevisigtrain
cluding biological cell§ the optical tweezers become SK) as prototypic model of budding yeast. The inter-
a powerful tool in biological sciences. The optical ferometric optical tweezers was applied to trap and
tweezers can be used to trap and manipulate threenanipulate single yeast cells in the specimen plane.
dimensionally microrsized particles in both aqueous In order to identify whether the focused laser beam
media and air. The optical trapping force is induced gives any damages to the trapped budding yeast, we
by the transfer of momentum of incident photons to monitored the trapped budding yeast for over one
the particle$ and is proportional to the gradient of hour. As shown in Figure 2, the trapped yeast budded
light intensity. For a highly focused beam, the parti- in the chamber. Sequential frames show that there is
cles were moved and trapped to near the focal pointho optical damage occurred on the budding yeast for
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A=834 nm. It was reported that the photodamageter cell started to move to the center and the shape of
exhibits minima at 830 nm in the case that the singlethe mother cell became circular. This is because the
cells of Escherichia coliwere trappef. As the light  laser beam is circular and the gradient of laser beam
intensity was incident on the budding yeast, the daugh intensity is the largest at the center of the interference
pattern. We also compared the size of the trapped
daughter cell with that of the daughter cell out of the
trap for the same hour. There is no difference between
two daughter cells.

Figure 3 shows several budding yeasts simultane-
ously trapped by the interferometric optical tweezers.
It was shown that the trapped yeasts budded without
any damages. We trapped a budding yeast cell and
moved near two budding yeasts cells, as shown in the
sequential frame of Figure 3(a). After we trapped
simultaneously three budding yeast cells to make one
of the daughter cell surrounded by other cells, we
observed how the daughter cell in the dashed circle
L: lens, M: mirror, BS: beam splitter, OL: objective lens, grows further. As shown in Flgurg 3(a), the daughter
stage: motorized translation stage. The dashed box indicateS€ll grows slowly, compared with nsurrounded

the Michelson interferometer. The inset figure shows the daughter cells. Another sequential frame of Figure
multiple polystyrene spheres (diamet&um) trapped in the  3(b) shows that the three yeast cells which didn't

interference pattern. seem to start budding were trapped simultaneously.

laser —>

Figure 1. Schematic of an interferometric optical tweezers.
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Figure 2. Sequential frames
of the budding yeast cell in
- the optical trap. The figures
‘ - showthat there is no optical
,‘ damage occurred on the bud-
- ding yeast forA=834 nm.
After the laser was off, it
] . =4 ; o was confirmed that the da-
0]:01:54 (010206 ughter cell grew without da-

g S mages.
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Figure 3. Sequential frames

of three budding yeast cells
in the optical trap. (a) The

daughter cell was forced to
be surrounded by other cells.
The daughter cell surrounded
by other cells didn’t grow as

fast as another daughter cell.
(b) One mother cell pointed

by a thick arrow had two

daughter cells. The daughter
cell that grew downward near
the neighboring cells didn’t

grow any more.

Figure 4. Sequential frames of two budding yeast cells in the optical trap. The directions of budding were outward. The elapsed
time was about 1 hour.
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As time went by, the trapped yeast cells started bud- trap on a dielectric sphere in the ray optics regime.
ding in the optical trap. One of the trapped budding  Biophys. J61:569 (1992).

yeast cells pointed by a thick arrow had two daughter 3. Pralle, A.et al. Three dimensional higkresolution
cells. One of the daughter cells (2) grew upward, and  Particle tracking for optical tweezers by forward scat-
the other (3) in the dashed circle grew downward  tered lightMicros. Res. Tect4:378(1999).

near other yeast cells. Compared (3) with (1), we 4 Simmons, R. M., Finer, J. T., Chu, S. & Spudich, J.
knew that (3) grew slowly. After the laser was off, the - Quantitative measurements of force and displace-
daughter cell didn’t grow further. We suggest that the ment using an optical trag@iophys. J.70:1813

neighboring cells may be critical in budding and the ¢ %326)8' C. & Sheetz, M. P. Force of single kinesin

growth of daughter cells. Figure 4 shows that two  ,qjecules measured by optical tweeze3sience
yeast cells in resting stage were trapped simultane- 260232 (1993).
ously. As time went by, the trapped yeast cells started 6. wang, M. D.et al Force and velocity measured for
budding. As shown in the figure, the directions of single molecules of RNA polymerasgcience282
budding were outward. We repeated the same process 902-907 (1998).
several times. The results were the same. 7. Tyska, M. J & Warshaw, D. M. The myosin power
stroke.Cell. Motil. CytoskeletoB1:1 (2002).
8. Dai, J. & Sheetz, M. P. Mechanism properties of neu-
Discussion ronal growth cone membrane studied by tether forma-
tion with laser optical tweezerBiophys. J68:988
(1995).
9. Dao, M., Lim, C. T. & Suresh, S. Mechanics of the
human red blood cell deformed by optical tweezers.
J. Mech. Phys. Solidsl:2259 (2003).

In summary, we used an interferometric optical
tweezers to trap and manipulate simultaneously mul-
tiple particles. Successfully, several budding yeasts

are tra_ppe(_d simultaneously. We found that the bUd'lo. Guo, H.L.et al. Mechanical properties of breast can-
ding direction of the daughter cell was almost out- = . <all membrane studied with optical tweezetsin,
ward and the daughter cell surrounded by other yeasts Phys. Lett21:2543 (2004).
grows slowly or fail to grow. Thus it was assumed 11, Burns, M. M., Fournier, J. M. & Golovchenko, J. A.
that neighboring cells around budding yeast may be  Optical matter: Crystallization and binding in intense
critcal in budding and the growth of daughter cells. optical fields.Science249749-754 (1990).
This is first report pertaining to the pattern of yeast 12. Macdonald, M. Pet al Creation and manipulation of
budding under the optical trap when multiple yeasts three dimensional optically trapped structurgsi-
were trapped. ence296:1101-1103 (2002).

Such an optical tweezers combined with Joed 13.Im, K. B.et al Budding and growth of optically trap-

imaging will confer great insight into understanding ~ Ped yeastsCLEO 2002, Lasers and Electr®©ptics,
14. Korda, P., Spalding, G. C., Dufresne, E. R. & Grier,
D.G. Nanofabrication of holographic optical twee-

References zers.Rev. Sci. Instrun¥3:1956:1957 (2002).
15. Eriksen, R. L., Daria, V. R. & Glikstad, J. Fully dyna-
1. Ashkin, A, Dziedzic, J. M., Bjorkholm, J. E. & Chu, mic multiplebeam optical tweezer@pt. Expresd.0:
S. Observation of a singleeam gradient force opti- 597-602 (2002).
cal trap for dielectric particle©pt. Lett 11:288-290 16. Neuman, K. Cet al Characterization of photodamage
(1986). to Escherichia coliin optical trapsBiophys. J77:

2. Ashkin, A. Forces of a singleeam gradient laser 28562863 (1999).



