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Objectives that Enable Innovative Research

With a rich history in optical design, Evident develops high-quality objectives for advanced life science
applications. We work with our customers to develop innovative products that meet both the evolving and
specific needs of researchers in the field.

Our commitment to innovative optical technologies is exemplified by our multiphoton excitation dedicated
objectives, which we developed in response to the growing need for deep tissue observation in life science
research. When our customers needed an optical system designed for live cell and in vivo 3D imaging, we
developed silicone immersion objectives that enable researchers to capture bright, high-resolution images
deeper within samples.

For more than 100 years, we have manufactured
advanced microscope equipment and high-quality
objectives, and we are proud of our record of
innovation and collaboration. We continue to work
with researchers to develop new technologies that
meet the changing needs of life science research.
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Choosing an Objective for Your Research Application

Selecting the right objective for your research application is essential to obtain high-resolution images. By matching the refractive
index of the sample and immersion medium, the objective can compensate for spherical aberration and produce deeper, brighter,
and higher resolution images. Most of our A Line™ objectives have high numerical apertures (NAs) and correction collars that enable
users to compensate for spherical aberration, enhancing image resolution and contrast.

The Importance of a Correction Collar

Spherical aberration is influenced by refractive index mismatches in the optical path, such as variable coverslip thickness, a sample’s
observation depth, the composition of cells or tissues, and changes in temperature. High NA objectives are particularly susceptible
to these effects. Adjusting your objective's correction collar is essential to compensate for spherical aberration and improve image
quality. The result is higher resolution, brighter, and higher contrast images.

If you are using an inverted microscope, the remote collar control unit (IX3-RCC) greatly improves the usability of correction collars.
For deep imaging with an upright multiphoton laser scanning microscope, TruResolution™ objectives (FV30-ACT0SV and FV30-AC25W)
offer a powerful auto-adjust correction collar.

An image of an in vivo mouse brain sensory cortex before Comparison of oil and silicone immersion 60X objectives in
(left) and after (right) adjusting the XLPLN25XWMP2 a glycerol-mounted Drosophila brain.
objective’s correction collar.

Oil immersion Silicone immersion
mCD8 (GFP, Green)/a-Bruchpilot (Immunostaining, Red)

Image data courtesy of:
Yasuhito Imanishi Ph.D., Hiromu Tanimoto Ph.D.
Tohoku University Graduate School of Life Sciences

Upper figures: XZ image at 500 pm depth; scale bar represents 20 um.
Lower figures: XYZ image at 470-570 pm depth.
Sample: Th1-YFP-H mouse
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IX3-RCC remote collar control unit FV30-AC25W (25X water dipping objective; NA: 1.05; W.D.: 2 mm)



Multiphoton Excitation Dedicated Objectives

Designed to achieve optimum performance during multiphoton
excitation (MPE) imaging of /n vivo and transparent samples,
these objectives enable high-precision imaging to a depth of
8 mm.

MPE Dedicated Objectives

(¥Vnr?1) MAG.|OFN*| NA (Reggggie\:/'ésll%réex) Sample Purpose
XLPLNTOXSVMP 8 10X | 18 | 0.60 Water to oil (ne: 1.33 to 1.52) in vivo and cleared sample Wide FOV observation
XLSLPLN25XGMP 8 | 25X | 18 | 1.00 Silicone oil to oil (ne: 1.41 to 1.52) Cleared sample
XLSLPLN25XSVMP2 8 | 25X | 18 | 0.95 | Water tosilicone oil (ne: 1.33to 1.41) | /n vivo and cleared sample High-resolution observation
XLPLN25XSVMP2 4 25X | 18 | 1.00 | Water to silicone oil (ne: 1.33to 1.41) | in vivo and cleared sample
XLPLN25XWMP2 2 25X | 18 | 1.05 Water (ne: 1.33) in vivo
FV30-AC10SV 8 10X | 18 | 0.60 Water to oil (ne: 1.33to 1.52) in vivo and cleared sample Wide FOV observation
FV30-AC25W 2 25X | 18 | 1.05 Water (ne: 1.33) in vivo High-resolution observation

*Maximum field number observable through eyepiece.

Deep In Vivo Imaging with the XLPLN25XWMP2 Objective

Deep /in vivo, multiphoton brain imaging, and optogenetics at high-resolution require objectives with high infrared (IR) light
transmission, a high numerical aperture (NA), and the ability to correct for the depth and scattering of tissue. The XLPLN25XWMP2
objective delivers broad IR transmission with the new 1600 coating, enabling optogenetic stimulation with visible light down to 400
nm and IR imaging or stimulation beyond 1600 nm. The correction collar reduces the excitation volume, enabling stimulation of single
cells or dendritic spines. Combined with the powerful and precise scanning capabilities of the FV4000MPE multiphoton laser scanning
microscope, the XLPLN25XWMP2 objective is the right tool for high-precision multiphoton imaging.

In Vivo Two-Photon Imaging of Crossed Corticostriatal and Deep Mouse Brain Imaging
Corticospinal Neurons in L5a During Learning - Image deep within a mouse brain thanks to high
+ Calcium imaging of a deep brain neuron circuit enables researchers to NA objectives with a 2 mm working distance and
observe bright, quick responses of single neuron activity. optimized correction collar adjustments.
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450 ym depth from brain surface 500 um depth from brain surface 550 pm depth from brain surface

in vivo two-photon imaging of crossed corticostriatal neurons transduced with rAAV2/9-Syn-GCaMP3 in the left
forelimb M1 during learning of a motor task. 450, 500, and 550 pm depth from brain surface. Scale bar 20 um.

Image data courtesy of Yoshito Masamizu Ph.D., Yasuhiro R Tanaka Ph.D., Masanori Matsuzaki Ph.D., Division of Brain
Circuits, National Institute for Basic Biology
Reference: Nat Neurosci. 2014 Jul; 17 (7): 987-94. doi: 10.1038/nn.3739. Epub 2014 Jun 1.

In Vivo Nephron Imaging at Kidney Surface
+ High-resolution /n vivo time-lapse imaging with a 1.05 NA.
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Time-lapse imaging of fluorescence dye (Lucifer Yellow, Green) injected into a vein that freely passes Z-stack image of in vivo mouse under anesthesia from the brain surface

through the glomerulus. Red is rhodamine B labeled 70 kD dextran to observe the flow of blood plasma. to the radiate layer of the hippocampus (CA1).

The shadows in the blood plasma are blood cells. The green signal at 0 time is auto fluorescence of the Sample: Thy1-YFP H line 8-week-old male

proximal tubular cell. Excitation wavelength: 960 nm

Image data courtesy of Daisuke Nakano Ph.D., Department of Pharmacology, Faculty of Medicine, Kagawa University Image data courtesy of Katsuya Ozawa and Hajime Hirase, Neuron-Glia Circuitry,

Reference: /Am Soc Nephrol. 2015 Apr 8. pii: ASN.2014060577. [Epub ahead of print] RIKEN Brain Science Institute, Japan



Observing Fixed Transparent Specimens to a Depth of 8 mm Using Multiphoton
Dedicated Objectives

Our MPE dedicated dedicated objectives help facilitate breakthrough research on brain function and other vital organs. Until recently,
brain science researchers using light microscopes had to slice thin sections of tissue. Using MPE dedicated objectives and tissue
clearing technology, researchers can see up to 8 mm deep without slicing. The XLPLN25XSVMP2 and XLSLPLN25XSVMP2 objectives
were engineered for use with the revolutionary clearing reagent “Sca/e” developed by Dr. Atsushi Miyawaki and his team at the RIKEN
Brain Science Institute in Japan.* The XLSLPLN25XGMP and XLPLN10XSVMP objectives support many reagents, including SeeDB,
CLARITY, and ScaleS, enabling researchers to observe down to unprecedented depths and see the interconnections in the brain and
other tissues as never before.

*Published online in Nature Neuroscience: Hama et al. Aug 30, 2011

Whole Mouse Brain Imaging (XLPLN10XSVMP)

+ Wide field of view with 10X magpnification, single-cell resolution with a 1.0 NA, and observations down to 8 mm.
- Objectives match a wide range of clearing reagent refractive indices (ne: 1.33 to 1.52).

20-week-old YFP-H mouse brain treated with Sca/eS Single-cell resolution
Image data courtesy of Hiroshi Hama, Atsushi Miyawaki, Laboratory for Cell Function Dynamics, RIKEN Center for Brain Science

High-Resolution Deep Brain Imaging of Sca/eS-Treated Mouse Brain (XLSLPLN25XGMP)

+ High-resolution deep imaging with a 1.0 NA and an 8 mm W.D.
+ Objectives match the refractive index of clearing reagents (ne: 1.41 to 1.52).

3D image of a Sca/eS-treated hemisphere of a 14-week-old YFP-H mouse
Cortex Hippocampus Thalamus

v VooVI CA1 GCL GCL MDC
Pial surface WM Hil 3rdVv

A maximum intensity projection image (top). Six XY images at different Z positions (bottom). WM: white matter; GCL: granule cell layer, Hil: hilus, LHb: lateral habenular nucleus,
MDC: mediodorsal thalamic nucleus; scale bars represent 0.1 mm.

Image data courtesy of Hiroshi Hama, Atsushi Miyawaki, Laboratory for Cell Function Dynamics, RIKEN Center for Brain Science
Reference: Nat Neurosci. 2015 Oct; 18 (10): 1518-29. doi: 10.1038/nn.4107. Epub 2015 Sep 14.



Silicone Immersion Objectives

Silicone immersion objectives are optimized for live cell and live
tissue imaging. By properly matching the refractive index, images
are clearer and brighter, and time-lapse observations become
more reliable and less complex because silicone oil does not dry at
37 °C(98.6 °F). Unlike glycerol/water mixtures, the refractive index
of silicone oil remains constant, and the resolution is higher than
comparable water objectives, helping ensure the accuracy of critical
cell and tissue morphology studies. Because the refractive index
of silicone immersion oil (ne=1.40) is close to that of the clearing
reagent SCALEVIEW-A2 (ne=1.38), the silicone immersion objectives
are also well suited for observing SCALEVIEW-A2-cleared samples.

Silicone Immersion Objectives

(‘ﬁvn}?]-) MAG. | OFN* | NA Immersion Applications
UPLSAPO100XS 02 | 100X | 22 1.35 Silicone oil High-resolution for subcellular imaging
UPLSAPO60XS2 03 60X 22 1.30 Silicone oil High-resolution and long-term time-lapse imaging of single cells
UPLSAPO40XS 0.3 40X 22 1.25 Silicone oil Multiple cell imaging with submicron resolution
UPLSAPO30XS 0.8 30X 22 1.05 Silicone oil Deeper tissue imaging with a wider field of view
UPLSAPO30XSIR 0.8 30X 22 1.05 Silicone oil MPE imaging in deep tissue with a wider field of view

*Maximum field number observable through eyepiece.

Effects of Refractive Index Mismatch on Sample Shape

Resulting

XZ image
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A . A
Matching the refractive index of a sample and immersion media is very important to get accurate 3D images.

Comparing the Brightness of 60X Objectives Comparison of Silicone and Oil Immersion 60X Objectives

Normalized by the brightness of the 60X objective at the sample's surface;
sample refractive index: 1.38.

= 60X Water (NA 1.2) === 60X Silicone (NA 1.3) == 60X Oil (NA 1.35)
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0.2 1 ! ! By matching the refractive index of the sample and immersion medium, the silicone
; ! objective (UPLSAPO60XS2) enables deeper imaging.
I I Sample: Sca/eA2-treated neocortex, VGIuT1/Green, VGIuT2/Red, MAP2/Blue
: :
0.0 0 50 100 150 200 250 300 Image data courtesy of Motokazu Uchigashima, M.D., Ph.D., Masahiko Watanabe, M.D., Ph.D.,

Department of Anatomy, Hokkaido University Graduate School of Medicine
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Long-Term Time-Lapse Imaging of a Live Mouse Embryo (UPLSAPO60XS2)

+ High-resolution imaging with 1.30 NA; 3D imaging with 0.3 mm W.D.
+ Long-term time-lapse imaging with stable silicone immersion oil.

DIC

MBD

Long-term time-lapse images of a live mouse embryo. Images were taken every hour from the zygote (0 h) to blastocyst (119 h) stage. mCherry-fused methyl-CpG-binding domain (MBD) of MBD1
protein. Images acquired using silicone immersion objecive UPLSAPO60XS. Scale bar, 20 pm.

Image data courtesy of Kazuo Yamagata Ph.D., Faculty of Biology-Oriented Science and Technology, Kinki University
Reference Stem: Cell Reports. 2014 Jun 3; 2 (6): 910-924.

Three-Dimensional Observation of Biliary Tree Structures in Mouse Liver with a 30X Objective (UPLSAPO30XS)

To obtain higher resolution three-dimensional images, the FLUOVIEW" confocal microscope and a 30X silicone oil immersion objective
(UPLSAPO30XS: 1.05 NA, 0.8 mm WD) were used to obtain consecutive tomographic images (Z axial interval of 1 pm) of b|||ary tissue
(green, biliary epithelial cell marker CK19)
in 200 pum thick liver tissue cleared using
SeeDB. This combination enabled high-
resolution observation of the biliary

trees of control and KIf5-LKO mice while
maintaining a wide field of view. In the
KIf5-LKO mouse, researchers observed
CK19+ cell clusters (white arrow) that were
spatially separated from the biliary tree.

Image data courtesy of Asako Sakaue-Sawano, Atsushi Miyawaki,

RIKEN Brain Science Institute Laboratory for Cell Function Dynamics . _
Reference: Development. 2013 Nov; 140 (22): 4624-32. doi: 10.1242/ Comro' mouse Kif5 LKO mouse

dev.099226. Epub 2013 Oct 23.

Time-Lapse Image Acquisition of Undifferentiated ES Cells (UPLSAPO30XS)
+ Time-lapse observation of mouse ES cells labeled with Fucci (CA) 2.1

0hr G2 phase 7 hr 50 min, S phase

IE’O pm

Undifferentiated embryonic stem (ES) cells rapidly proliferate and are very delicate. Phototoxicity during time-lapse imaging may damage ES cells and reduce their proliferation speed, making it
difficult to perform time-lapse imaging of ES cells under physiologically accurate conditions. The FLUOVIEW microscope enables low-phototoxic time-lapse imaging by using extremely low laser
power due to a highly efficient lightpath and sensitive detection devices. These properties enabled a research group to perform a time-lapse imaging experiment spanning 57 hours, in which
three normal cell cycles of rapidly dividing undifferentiated ES cells were completely covered.

Image data courtesy of Dr. Masahiro Yo, Dr. Asako Sakaue-Sawano, and Dr. Atsushi Miyawaki (team leader), Laboratory for Cell Function
Dynamics, RIKEN Center for Brain Science



High-Resolution Objectives for Super Resolution / TIRF

A high NA is important for super resolution or total internal
reflection fluorescence (TIRF) microscopy. Evident is a pioneer in
TIRF microscopy, and we offer a broad lineup of objectives with
numerical apertures ranging from 1.45 to the world's highest NA of
1.7*" and magnifications ranging from 60X to 150X. In response
to technology advancements such as super resolution and wide-
area imaging using sCMOS cameras, we developed advanced lens
manufacturing technology that enabled us to create the world's
first plan corrected apochromat objective with an NA of 1.5*2,
These objectives deliver uniform image quality at a large field of

view, enabling researchers to acquire high-quality raw images.

*1 As of Oct 4, 2018. According to Evident research.

*2 As of Oct 4, 2018. According to Evident research of objective lens using common immersion oil
(refractive index ne = 1.518).

High-Resolution Objectives for Super Resolution and TIRF

(‘%-r'%) MAG. OFN*3 NA | Immersion Applications
UPLAPOGOXOHR 041 | sox | 22 | 150 oil Whole cell TIRF imaging, real-time super resolution imaging for live cells, super

resolution imaging of tiny structures, such as organelles

Real-time super resolution imaging for live cells, super resolution imaging of tiny
UPLAPO100XOHR 012 | 100X | 22 | 1.50 Qil structures, such as organelles, high-resolution imaging of cell membranes or
subcellular organelles, and single-molecule level experiments

APON100XHOTIRF | 0.08 | 100X | 22 | 1.70 Special Oil | Observing the movement of proteins or vesicles at the single-molecule level

; Subcellular imaging (e.g., organelle, endoplasmic reticulum,
UAPON150XOTIRF | 0.08 | 150X | 22 | 1.45 Qi and intracellular vesicle trafficking)

*3 Maximum field number observable through the eyepiece.

Real-Time Super Resolution Imaging

+ Combine the UPLAPO60XOHR and UPLAPO100XOHR objectives with the SpinSR10 spinning disk confocal super resolution system.
+ The SpinSR10 system quickly acquires super resolution images and offers live display with resolution down to 120 nm XY resolution.

Confocal image Super resolution image

Green: Alexa488-labeled Nup358, which localizes to the cytoplasmic surface of the nucleo pore complex.
Red: Alexa555-labeled Nup62, which localizes to the nucleo pore conplex central plug.

Localization of Nup358 and Nup62 can be distinguished by the super resolution technique.

*Nuclear pore complex of Hela cell.

Image courtesy of: Hidetaka Kosako, Fujii Memorial Institute of Medical Sciences, Tokushima university



Single-Molecule Fluorescence Imaging to Count the Subunits of a Transmembrane Ion Channel Complex
(APON100XHOTIRF)

+ Single-molecule TIRF imaging with high-resolution, bright images and a 1.70 NA.

The study’s subunit counting required continuous fluorescence photobleaching of proteins (subunits) that were tagged with a
fluorescent protein—such as a monomeric-enhanced green fluorescent protein (MEGFP). An excitation laser was used for about 10
seconds to cause photobleaching. The process was monitored in real time using single-molecule fluorescence imaging. At the single-
molecule level, fluorescence photobleaching is stepwise based on the number of fluorescent molecules. Therefore, the number of
DPP10 molecules can be determined by counting the stepwise photobleaching events at the spots where Kv4.2-mCherry and mEGFP-
DPP10 colocalize. The world's highest NA*? of the APON100XHOTIRF objective enables researchers to measure fluorescence intensity
change caused by single-molecule photobleaching. This study*? revealed that a maximum of four molecules of DPP10 subunits form a
complex with the ion channel Kv4.2.

*1 Ulbrich, MH, and Isacoff EY. “Subunit counting in membrane-bound proteins.” Nature Methods, 4 (2007): 319-321.

*2 As of Oct 4, 2018. According to Evident research.
*3 Kitazawa M, Kubo Y, and Nakajo K. “Kv4.2 and accessory dipeptidyl peptidase-like protein 10 (DPP10) subunit preferentially form a 4:2 (Kv4.2:DPP10) channel complex.” Biol Chem, 290 (2015): 22724-22733.

Schematic Illustration of Subunit Counting of a Transmembrane Ion Channel Complex Using Single-Molecule Fluorescence Imaging

Fluorescence

Fluorescent intensity

Time
Counting of step-wise bleaching events at
a spot where two colors colocalize.

The number of steps is equal to the
number of molecules in the complex.

Excitation Light

Determining the Subunit Stoichiometry of the Kv4.2-DPP10 Channel Complex by Subunit Counting

Excitation of ~ Excitation of mEGFP and
mCherry for  fluorescence photobleaching
5 seconds for around 10 seconds
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Localization of Kv4.2-mCherry is visualized by excitation of mCherry in the first five seconds, followed by excitation of mEGFP in the next 10 seconds to visualize its localization and continuous
fluorescence photobleaching. Spots with photobleaching of mEGFP in a maximum of 4 steps were found by graphing the change in fluorescence intensity at each spot where two colors

of fluorescent molecules colocalized (indicated by the white arrow head). Therefore, it was found that a maximum of four molecules of mEGFP-DPP10 were bound in the Kv4.2 ion channel
complexes. Scale bar, 20 um.

Image data courtesy of; Masahiro Kitazawa, Ph.D., Yoshihiro Kubo, M.D.,Ph.D., Division of Biophysics and Neurobiology, Department of Molecular Physiology, National Institute for Physiological Sciences
Koichi Nakajo, Ph.D., Department of Physiology, Osaka Medical College



Super-Corrected Objective

Are your fluorescence signals really colocalized? Answering this PLAPON60XOSC2

question with standard fluorescence microscopy requires a W.D. (mm) 0.12

superior optical design that corrects for color shifts (aberration) MAG. 60X

that occur when light passes through an objective. Doing OFN* >

this with just two or three colors is becoming increasingly

insufficient. The super-corrected 60X OSC objective corrects NA 140
Immersion Qil

for a broad range of color aberration to provide images that
capture fluorescence in the proper location. Save time and
resources in multicolor labeling experiments without having to
go through post-processing adjustments.

*Maximum field number observable
through eyepiece.

The high NA PLAPON60XOSC2 oil- Comparing the Performance of the PLAPON60X0SC2 and UPLXAPO60XO
immersion objective minimizes chromatic UPLXAPOGOXO PLAPONGOXOSC2

aberration in the 405-650 nm region
for enhanced imaging performance and
image resolution at 405 nm. The objective ) .
delivers a high degree of correction for On-axis vertical
i ] chromatic aberration
both axial and lateral chromatic aberration (Z direction)
to acquire 2D and 3D images with excellent
reliability, accuracy, and improved
colocalization analysis. The objective also
compensates for chromatic aberration in
the near infrared up to 850 nm. Off-axis lateral =
chromatic aberration * *
(X-Y direction)

Approx. 0.15 pm Approx. 0.05 pm

Comparison of chromatic aberration measured by the FLUOVIEW microscope using TetraSpeck Microsphere.
cyan: 405 nm excitation, magenta: 640 nm excitation.

Quadruple Immunofluorescence of Brain Tissue

+ Improved detection sensitivity and resolution.
+ Minimizes chromatic aberrations, ideal for immunofluorescence applications.

VIP

Quadruple immunofluorescence for multiple functional molecules and cell markers can provide detailed information on cell expression and subcellular localization, which includes the
codependent or independent relationship between related functional cells and intercellular spatial distances. ViAA1 (Alexa Fluor405, blue), CB1 (Alexa Fluor488, green), VIP (Cy3, red), and DGLa
(Alexa Fluor 647, white). Scale bar, 5 um.

Image data courtesy of Masahiko Watanabe, M.D., Ph.D. ,Department of Anatomy, Hokkaido University Graduate School of Medicine
Reference:J Neurosci. 2015 Mar 11; 35 (10): 4215-28. doi: 10.1523/JNEUROSC1.4681-14.2015.



Save Time Imaging Plastic-Bottom Plates and Dishes

Your experiment time is valuable, and every extra step required UCPLFLN20XPH

in the process takes time away from your research goals. W.D. (mm) 0.8-1.8
Inspecting tissue culture with phase contrast and fluorescence MAG. 20X
imaging and having confidence in fluorescent protein OFN* s
expression levels has often meant first culturing tissue in

plastic-bottom dishes for adherence and then transferring the NA 0.70
culture to glass chambers for imaging. With the UCPLFLN20XPH Immersion Dry

*Maximum field number observable through eyepiece.

objective, you can skip the step of re-plating cells in glass
chambers. Designed for both fluorescence and phase imaging
of tissue in plastic-bottom dishes, the UCPLFLN20XPH objective
helps improve your workflow. With its high NA, images are
bright and even across the objective's large field of view, and
the correction collar and long working distance optimizes
images through different cell culture vessels.

Improve the Cell Culture Workflow

+ Simplify the workflow for fluorescence observation.
+ No longer necessary to subculture, which often requires an extra coating step.

Cell ' Coating glass-bottomed ' Culture in glass- Fluorescence
(Glass-bottomed dish) dish for cell adherane bottomed dishes imaging

Cell Fluorescence
(Plastic dish) imaging

ES cells expressing GFP-H2B in a 35 mm plastic-bottom cell culture dish

LUCPLFLN20XPH
(NA 0.45)

UCPLFLN20XPH
(NA0.7)

Fluorescence image Phase contrast image

Bright fluorescence observation of histones in the nuclei (GFP-H2B) and phase contrast observation of nucleolus are possible with a high degree of detail.

Image data courtesy of: Tomonobu Watanabe, Ph.D., Laboratory for Comprehensive Bioimaging, RIKEN Quantitative Biology Center



Immersion Oils

Low-Autofluorescence Immersion Oil

IMMOIL-F30CC

+ 1/10 the level of autofluorescence
compared to standard ol

+ Low odor - MSDS available
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