The monolithic light sheet-based fluorescence microscope (mDSLM)
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Introduction:
Our design for a LSFM, which relies on the DSLM principles, is based on a monolithic platform,
which provides a high stability and a small footprint. Self-calibrating and -monitoring optics and
electronics ensure an optimal performance under real-time conditions in a multi-user environment.
The specimen is moved by four motors below the specimen chamber. The specimen is inserted
from above but otherwise freely accessible through the top of the specimen chamber.
Vertical line-scanning of a diffraction limited Gaussian beam generates the light sheet. Hence, the
light sheet is not static as in a SPIM but dynamic. The laser power can be modulated arbitrarily and
synchronously with the beam movement providing e.g. structured illumination. Piezo-actuators
scan and position the light-sheet as well as the illumination and detection lenses. The system is completely self-regulated.
The mDSLM hardware is controlled by a real-time PC and is a device with an IP-address in a network. A second PC provides the user interface. Further processors, such as an Arduino, can be used
to control e.g. external light sources and pumps. Their operations are triggered by and synchronized
with the actual recording process.

Set-up:
single-sided set-up

schematic of light sheet generation

user interface

(Keller et al. Science 2008)

double-sided set-up
six filters in a wheel
96A351 (Ludl)
CCD/CMOS-Camera
Clara or Neos (Andor)

tube lens
f = 164.5 mm
425308 (Zeiss)
piezo objective scanner
P-725 PIFOC
(Physik Instrumente)

specimen chamber
with free access from top

broadband monomode
optical fiber and
collimator (Pointsource)

real-time controller electronics
and laser light engine (SOLE, Omikron)

broadband telecentric
f-theta scan lens, f=60.52 mm
S4LFT0061/065 (Sill Optics)

monolithic platform
x/y/z/ motorized stages,
3 x M-111.2DG and 1x M-116.DG
(Physik Instrumente)

piezo tip-tilt scanner
S-334.2SL (Physik Instrumente)

Recording of entire process of lateral root formation. (A) Threedimensional reconstruction of lateral root growing out of primary root.
(B) Single slices along x-y (front view) 10 μm inside epidermis cell layer.
(C) Single slices along z-y (sideview) 80 μm deep inside primary root. (D)
Single slices along y-z (radial view) through center of primordium. Six
days old Arabidopsis stably expresses UBQ10::YFP-PIP1;4 (membranes,
green), UBQ10::H2B-RFP (nuclei, red) and GATA23::GUS-GFP-NLS
(promotor activity, nuclear localization signal, green). Time points are
relative to gravity stimulation. Images were collected with 40x/0.75 objective lens in detection path and 5x/0.16 objective lens in illumination
path. Scale bar: 20 μm. (Daniel von Wangenheim).
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