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Optical setup (bioRxiv 2023; Fig. 1b, d)

To do next before 3D imaging:
1. Laser light beam check and collimation (Collimating lens)
2. Laser light beam alignments (Collimating lens and Mirror 1, 2 and 3) 
3. Cylindrical lens installation (Cylindrical lens 1 or 2 with x-stage)  
4. Actuators and camera setup (Sample stage and detection optics)  
5. Fluorescence signal check (Sample stage and detection optics)
6. Follow-up alignments (Cylindrical lens and detection optics; if required)  



key switch power on 
and click to launch Power adjustments and 

more detailed settings can 
be made from "More"

Beam alignment Plate 
(CPA2) for 30 mm 
cage systems 

＊Emit the laser light beam with
low-power (1-2 mW) initially, and
gradually increase to the required
intensity while making sure that
the beam does not propagate to
an unexpected direction.

Laser light beam alignment and collimation 
(parallel beam) 
Check that the beam diameter just after the collimating 
lens (AC254-100-A) and the diameter of the beam 
propagated far enough (e.g. just before 2nd mirror) are 
almost the same size, and that there is no focusing point 
between them. If the size of the beam is different, adjust 
the position of the fiber port or the collimating lens.

Beam just after AC254-100-A

Beam just before 2nd Mirror

If Cobolt laser light sources, download the Cobolt MonitorTM software from the HÜBNER Photonics GmbH website.
1. Laser light beam check and collimation



Optical axis alignment 1
↓Place the alignment plate just before the second mirror
holder and adjust the screws of the mirror 1 holder so that
the beam is centered on the plate.
↓Place the alignment plate just after the first mirror holder,
and if the beam is not centered, adjust the xy of the
collimating lens holder.
↓Repeat the above two operations so that the beam is
centered in both positions.

Optical axis alignment 2
↓Place the alignment plate just after the third mirror
holder and adjust the screws of the mirror 2 holder so that
the beam is centered on the plate.
↓Place the alignment plate at the end of the cage system
and adjust the screw of the mirror 3 holder so that the
beam is centered on the plate.
↓Repeat the above two operations so that the beam is
centered in both positions.

＊By using two movable optics as described above, the beam can be moved to any optical path.
☞ "How to align a laser beam to different optical paths using two mirrors."

Thorlabs website; Insghts-tips (https://www.thorlabs.co.jp/newgrouppage9.cfm?objectgroup_id=14221)

2. Laser light beam alignments



f = 500 mm cylindrical lens (Full-FOV (FF) mode)
↓Mark the irradiation spot (center along detection optical path; z-axis) on the safety screen
↓ Mount the f = 500 mm cylindrical lens on the cage plate and fasten it at the angle where the major axis is pararel to
the y direction on the safety screen

Cage Plate
CP33/M

*The bottom of the sample holder
indicated with curing tape to ensure
reproducibility for placing the cuvette.

☞ One idea for reproductivity is to
create the part shown on the left with
a 3D printer.

＊The cylindrical lens position is finely adjusted while
capturing the actual fluorescent image (5 and 6).

Adjustable Lens tube 
SM1V05

f = 500 mm 
Cylindrical Lens
LJ1144RM-A

3. Cylindrical lens installation

＊f = 150 mm cylindrical lens installation is mostly
same (details are described in appendix of 5)



Download the software KinesisTM from Thorlabs website (APTTM software is also available)

Recognize controllers connected to the PC

✓→Connect

In the "Advanced" tab, set "Wheel Mode" to "Velocity
Control" and enter "Max Velocity".
e.g. Sample stage: 0.1 mm/s, Detection optics: 0.0342 mm/s

Just in case, enter "Acceleration" with same ratio
e.g. Sample stage: 2 mm/s2, Detection optics: 0.684 mm/s2

Units for velocity and acceleration in GUI may be TYPO

Speed wheel

MENU button

Sample Stage Side Detection optics side
As shown on Supplementary Fig. 2 and Methods "General Imaging 
Procedure" in bioRxiv 2023, in the case of CUBIC-R (n = 1.52) 

zstage = 0.342 zdetect (vstage = 0.342 vdetect )

Setting is also possible
with direct input to
KDC101

4. Actuators and camera setup 



If you are using a Thorlabs camera, download the software ThorCamTM from the website

The camera connected to the PC is found.

Live

Video Rec
(used for 3D imaging) Camera

Setting Display
Setting

Camera angle adjustment
(90 degree rotation is required 
to reflect the real space)

Exposure time 
(default setting ~ 30 ms; change ca. 100-300 ms)
e.g. exposure time: 200 ms

If vstage is 0.1 mm/s, z-interval for 3D-stack is ca. 20 µm.
If vstage is 0.05 mm/s, z-interval for 3D-stack is ca. 10 µm.  

Binning

Display brightness range 
(default 0 to 4095 (12-bits); adjust using 
Auto-Scale, or direct numeric input)

Select camera name

5. Fluorescence signal check



↓Place a test sample (nucleus-stained clerared tissue; fluorescent bead-embedded gel) in
the sample holder, irradiate with excitation light sheet, and adjust the θ-stage so that the
reflected light from the cuvette surface returns straight to the optical path.
↓Shade the sample with a blackout curtain and check if fluorescence is acquired by live
playback of the camera.
↓If fluorescence is not visible, find the focus by adjusting the position of the detection
optics (by loosening the lens tube clamp (SM1TC) and moving it back and forth manually
or by using a motorized actuator).
↓If fluorescence is visible (fluorescence signal should disappear when the excitation light
is covered by obstacles; if not, it may be stray), find the focus by using a motorized
actuator equipped on the detection optics
↓Adjust the position of the cylindrical lens on the excitation light to find the place where
the background is lowest in the center of the field of view, and fix the lens.

Perform the left operation
with the sample illuminated
by excitation light sheet.

Cylindrical lens position along one-direction (x-axis for sample) 

Identical position between focus of 
cylindrical lens and the center of FOV Too much

5. Fluorescence signal check

Not yet



↓Place an alignment plate (with a φ5 mm hole) at the end of the cage system in the
excitation light path and perform imaging.

Basic installing operations are the same for f = 150 mm cylindrical lens (1, 2, and 4
can be omitted once performed). However, since the effective FOV range along x-
axis is narrower than f = 500 mm (1/10 or less), it is difficult to adjust only by
hand without any micrometers. Thus, we recommend the installation with z-axis
translation stage for cage system. While a z-axis translation stage (CT1A/M; travel
13 mm) is included in parts list, a z-axis translation mount (SM1ZA; travel 2 mm) is
acceptable.

CT1A/M
Two additional 
cage rods required

Post holder Screw

5. Fluorescence signal check

↓If the image is as the right figure, the center of the
excitation light coincides with the center of the
camera's field of view along the y-axis. ☞ OK
↓If it is not aligned with the, loosen the screws of the
post holder of the detection optical system and adjust
the vertical position.

z

y



2 コブ PSFの原因はシートとFOVのネジレ
 (1°以下に抑える必要があるとのこと)

6. Follow-up alignments (if required)

If the angle between the excitation and detection
optical path is not perpendicular (＞1 degree), focal
spot is elongated and in case doubled along z-axis.



1. Place a test sample (CUBIC-R gel-embedded fluorescent beads) in the sample chamber.
2. Adjust the θ of the sample stage so that the reflected light from the surface of
the cuvette returns to the center of mirror 3 (Right upper figure: the beam seen on
the right side of the mirror).
3. Adjust the position of the sample stage and detection optics to find the focal
plane where the fluorescent image of the test sample can be acquired, and adjust
the position of the cylindrical lens so that the focus of the light sheet is near the
center of the field of view.
4. move the detection optics back and forth while capturing the bead image, and
confirm the appearance and disappearance of the focal region in the field of view.

Mirror 3

← Reflecting beam 
(should be in center 
in by adjusting the 
θ-stage)

The heterogeneous appearance and disappearance
of the focal region reflects the fact that the light
sheet and the detecting plane of the camera are
twisted (next page). Make the following alignments
until the focal spot appears and disappears uniformly
in the field of view.

Cylindrical Lens 
(f = 500 mm)

1-axis stage
for detection optics

x-axis: Loosen the M6 screw between the 1-axis stage for detection optics and the breadboard, and adjust the tilt
of the detection optics relative to the z-axis.
y-axis: Adjust the direction of the cylindrical lens.
5. Evaluate the PSF by measuring the fluorescent beads image while moving both the sample stage and the
detection optics. Confirm that there are no two cobs in z-direction near the focal area of cylindrical lens, and that
the area near the center of the field of view has excellent light collection.
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6. Follow-up alignments (if required)
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Focused area shifts in x-axis

Focused area shifts in y-axis

Focused area appears uniformly

Assumed focal descSPIM images with moving detection optics



● Before alignment

● After alignment

xy

xz

xy

xz

0.5 mm

0.5 mm

descSPIM images of gel-embedded φ1 um fluorescent beads
f = 500 mm cylindrical lens; Exposure time: 150 ms/frame; vstage 0.033 mm/s, vdetect 0.011 mm/s

z-interval: 5 µm, 100 frames, z-range: 500 µm; xy: 7,452 µm × 1,760 µm


