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CFI SR HP Apochromat
TIRF 100XC Oil

CFI SR HP Plan Apochromat 
Lambda S 100XC Sil

CFI HP Plan Apochromat
VC 100X Oil

CFI SR Plan Apochromat
IR 60XC WI

kiwami 
The Japanese calligraphy on the above reads as “kiwami,” 
which means to master or pursue excellence.

Nikon’s super-resolution microscopes bring your research 
into the world of nanoscopy beyond the diffraction limit.

Nikon’s Super Resolution Microscope N-SIM/N-STORM enables elucidation of the structures and functions of nanoscopic 

machinery within living cells. The resolution of conventional optical microscopes, even with the highest numerical aperture 

optics, is limited by diffraction to approximately 200 nm.

Using high-frequency structured illumination, the N-SIM can achieve an image resolution of 115 nm*, which was previously 

considered impossible with optical microscopes. Furthermore, with a temporal resolution of up to 0.6 sec/frame**, N-SIM 

enables super-resolution time-lapse imaging of dynamic molecular interactions in living cells. 

N-STORM trades off temporal resolution for spatial resolution, realizing an incredible image resolution of approximately 

20 nm, which is 10 times or more than that of conventional optical microscopes. Utilizing STochastic Optical Reconstruction 

Microscopy (STORM), it is now possible to gain insight into protein-protein interactions at a molecular level.

Nikon’s super-resolution microscopes with unrivaled optical technologies integrate powerful proprietary technologies into 

streamlined platforms that are designed to be easy to use. N-SIM/N-STORM can dramatically enhance the ability to address 

questions in the nanoscopic realm, and instill confidence in the conclusions that can be drawn from your data. 

*Excited with 488 nm laser, in 3D-SIM mode 
** With 2D-SIM/TIRF-SIM mode
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Super Resolution Microscope

N-SIM

N-STORM
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See like you have never seen before



Temporal resolution of 0.6 sec/frame enables super-resolution time-lapse 
imaging of dynamic live cell events

In structured illumination microscopy (SIM), the unknown cellular ultra-structure is elucidated by analyzing the moiré 
pattern produced when illuminating the specimen with a known high-frequency patterned illumination. Nikon’s 
Structured Illumination Microscope (N-SIM) realizes super resolution of up to 115 nm in multiple colors. In addition, 
it can continuously capture super-resolution images at a temporal resolution of 0.6 sec/frame*, enabling the study of 
dynamic interactions in living cells.
*With 2D-SIM/TIRF-SIM mode

�  Live-cell imaging at double the resolution of conventional optical microscopes

N-SIM utilizes Nikon’s innovative new approach to “structured illumination microscopy” technology.
By pairing this powerful technology with Nikon’s renowned CFI Apochromat TIRF series 100X Oil objective (NA 1.49), N-SIM 
nearly doubles (to approximately 115 nm*) the spatial resolution of conventional optical microscopes, and enables detailed 
visualization of the minute intracellular structures and their interactive functions.
*  This value is measured FWHM of 100 nm beads exited with 488 nm laser in 3D-SIM mode. In TIRF-SIM mode, 86 nm is achieved using 40 nm beads excited with 

488 nm laser. 

�  Temporal resolution of 0.6 sec/frame—amazingly fast super-resolution microscope

N-SIM provides ultra fast imaging capability for Structured Illumination techniques, with a time resolution of up to 0.6 sec/frame, 
which is effective for live-cell imaging (with TIRF-SIM/2D-SIM mode; imaging of up to approximately 1 sec/frame is possible with 
3D-SIM (slice reconstruction)).

�  Larger fields of view

Super-resolution images with a field of view of 66 µm square*, four times larger than the conventional imaging area, can be 
acquired. 
*With a 100X objective 

�  Various observation modes

TIRF-SIM/2D-SIM mode

This mode captures super-resolution 2D images at high speed with incredible contrast. TIRF-SIM mode takes advantage of Total 
Internal Reflection Fluorescence observation at double the resolution as compared to conventional TIRF microscopes, facilitating 
a greater understanding of molecular interactions at the cell surface.
3D-SIM mode

Two reconstruction methods are available. Slice reconstruction allows axial super-resolution imaging with optical sectioning 
at 300 nm resolution in live-cell specimens; Stack reconstruction can image thicker specimens with higher contrast than Slice 
reconstruction. 

�  Simultaneous two-wavelength super-resolution imaging

By attaching two EMCCD/sCMOS cameras to the microscope with the optional Two Camera Imaging Adapter, simultaneous two-
wavelength super-resolution imaging with excitation of 488 nm and 561 nm is possible.
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Luminal surface of the organ of Corti at postnatal day 1. (Mouse)
Green: F-actin, red: acetylated-tubulin
Photos courtesy of: Drs. Kanoko Kominami, Hideru Togashi, and Yoshimi Takai, Division of Molecular and Cellular Biology, Kobe University 
Graduate School of Medicine/Faculty of Medicine

Leading edge of an epithelial cell
F-actin is highlighted by phalloidin (green) microtubules 
are immunostained with anti-tubulin antibody (red).
Photos courtesy of: Dr. Ulrike Engel, Nikon Imaging 
Center at the University of Heidelberg

Malaria parasite surface (MTIP) labeled with Alexa Fluor® 488 (green), 
Erythrocyte membrane (Band 3) labeled with Alexa Fluor® 568 (red),  
DNA labeled with DAPI (blue)
Image courtesy of: Drs. Masayuki Morita, Eizo Takashima,  
Tadahiro Iimura, and Takafumi Tsuboi, Proteo-Science Center, Ehime University

�  Double the resolution of conventional optical microscopes

Macrophages (J774 cells expressing mVenus-SNAP23) phagocytosing opsonized beads that were incubated with Alexa Fluor® 555 labeled secondary antibodies after 
fixation. The beads without red signals are in phagosomes containing mVenus-SNAP23.
Photos courtesy of: Drs. Chie Sakurai, Kiyotaka Hatsuzawa and Ikuo Wada, Fukushima Medical University School of Medicine.

Volume view Maximum projection

Width: 28.89 µm, Height: 27.83 µm, Depth: 17.20 µm
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�  Super-resolution imaging of live cell dynamics

Growth cone of NG108 cell labelled with TRITC-phalloidin (F-actin, orange) and Alexa Fluor® 488 (microtubules, green)
Sample courtesy of: Dr. Shizuha Ishiyama and Dr. Kaoru Katoh, The National Institute of Advanced Industrial Science 
and Technology (AIST)

FoLu cells (fox lung) expressing eGFP-vinculin
Mode: TIRF-SIM mode
Photos courtesy of: Dr. Michael W. Davidson, National High Magnetic Field Laboratory, Florida State University

Live-cell N-SIM imaging of mitochondria labeled with Mito-Tracker red.
Live-cell imaging with N-SIM reveals dynamics of mitochondria at twice the 
spatial resolution. Cristae in mitochondria are also clearly observed. 
Mode: 3D-SIM (Slice reconstruction)
Objective: CFI Apochromat TIRF 100XC Oil (NA 1.49)
Image capturing interval: approximately 1 sec. (movie)

N-SIM images (TIRF-SIM)
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�  Acquire larger fields of view

Super-resolution images with a field of view of 66 µm square, four times larger than the conventional imaging area, can be acquired. The enlarged 
imaging area greatly improves throughput for applications/samples that benefit from larger fields of view, such as a neurons, reducing the amount 
of time and effort required to obtain necessary data.

0 min. 48 min. 96 min.

Reconstructed image size: 1024 x 1024 
pixels (33 µm x 33 µm with a 100X 
objective)

Reconstructed image size: 2048 x 2048 pixels
 (66 µm x 66 µm with a 100X objective)

144 min. 192 min. 240 min.






Width: 26.19 µm, Height: 27.11 µm, Depth: 3.36 µm Width:16.00 µm, Height: 13.36 µm, Depth: 6.00 µm

Stack reconstruction based on Gustafsson’s theory is suitable for acquisition of volume data.

�  Simultaneous two-wavelength super-resolution imaging (optional)

By attaching two EMCCD/sCMOS cameras to the microscope using the optional Two Camera Imaging Adapter*, 
simultaneous imaging with excitation of 488 nm and 561 nm is possible.
* Andor Technology Ltd.

�  3D-SIM images

Slice reconstruction is suitable for capturing time-lapse activities of living cells at specific depths.

Growth cone of NG108 cell expressing GFP-LifeAct (F-actin, green) and mCherry-tubulin (microtubules, red)
Image courtesy of: Dr. Kaoru Katoh, The National Institute of Advanced Industrial Science and Technology (AIST)

Mouse keratinocyte labeled with an antibody against keratin intermediate 
filaments and stained with an Alexa Fluor® 488 conjugated second antibody.
Reconstruction method: Stack
Photos courtesy of: Dr. Reinhard Windoffer, RWTH Aachen University

Human U2OS cell during mitosis metaphase 
The cell is labeled green (kinetochore protein CENP-B), 
red (alpha-tubulin) and blue (DNA).
Reconstruction method: Stack
Photo courtesy of: Dr. Alexey Khodjakov, Wadsworth Center, Albany NY

Bacillus subtilis bacterium stained with membrane dye Nile Red (red), and expressing the cell division protein DivIVA fused to GFP (green).
N-SIM enables accurate localization of the protein during division.
Reconstruction method: Slice
Photos courtesy of: Drs Henrik Strahl and Leendert Hamoen, Centre for Bacterial Cell Biology, Newcastle University

N-SIM image (3D-SIM) Conventional widefield image
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* The actual product may differ slightly in design.

Two Camera Imaging Adapter (for N-SIM)






�  The principle of the Structured Illumination Microscopy

�  Comparison of TIRF-SIM versus conventional laser TIRF images

Images of diameter 100 nm fluorescent 
beads captured with a conventional optical 
microscope and Super Resolution Microscope 
N-SIM.
The intensity profiles of single point images 
indicate that the resolving power of the 
super-resolution microscope is about double 
that of the conventional epi-fluorescence 
microscope.

Analytical processing of recorded moiré patterns, produced by 
overlaying a known high spatial frequency pattern, mathematically 
restores the sub-resolution structure of a specimen.
Utilization of high spatial frequency laser interference to illuminate sub-resolution 
structures within a specimen produces moiré fringes, which are captured. These moiré 
fringes include modulated information of the sub-resolution structure of the specimen. 
Through image processing, the unknown specimen information can be recovered to 
achieve resolution beyond the limit of conventional optical microscopes.

Create super-resolution images by processing multiple moiré pattern images
An image of moiré patterns captured in this process includes information of the minute structures within a specimen. Multiple phases 
and orientations of structured illumination are captured, and the displaced “super-resolution” information is extracted from moiré fringe 
information. This information is combined mathematically in “Fourier” or aperture space and then transformed back into image space, 
creating an image at double the conventional resolution limit.

Utilizing high-frequency striped illumination to double the resolution
The capture of high resolution, high spatial frequency information is limited by the 
Numerical Aperture (NA) of the objectives, and spatial frequencies of structure 
beyond the optical system aperture are excluded (Fig. A).
Illuminating the specimen with high frequency structured illumination, which is 
multiplied by the unknown structure in the specimen beyond the classical resolution 
limit, brings the displaced “super-resolution” information within the optical system 
aperture (Fig. B). 

When this “super-resolution” information is then mathematically 
combined with the standard information captured by the objective lens, 
it results in resolutions equivalent to those captured with objective lenses 
with approximately double the NA (Fig. C).

Intensity profiles

TIRF-SIM
Conventional TIRF

With TIRF-SIM

Illumination with a known, high spatial 
frequency pattern allows for the extraction 
of super-resolution information from the 
resulting moiré fringes.

With conventional laser TIRF
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Create super-resolution images by processing multiple images

Capture multiple images with structured illumination that is shifted in phase. 
Repeat this process for three different angles. This series of images are then processed using advanced algorithms to obtain super-resolution images.

Fig. A: Resolution is limited by the NA of the 
objective

Fig. B: The product of Structured Illumination and 
normally un-resolvable specimen structure produce 
recordable moiré fringes containing the specimen 
information at double the conventional resolution limit.

Fig. C: Images with resolutions equivalent 
to those captured with objective lenses with 
approximately double the NA are achieved.
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Setting image acquisition
Up to five different laser wavelengths are available. User-customized spectral, z-stack, and time-lapse 
acquisition settings are automatically managed to allow for a simple workflow from acquisition to N-SIM image 
reconstruction. N-SIM image reconstruction can be further optimized by modifying reconstruction parameters 
post-acquisition/offline.

Large image acquisition (JOBS option)
Super-resolution images of a larger field of view 
can be generated by stitching multiple adjacent 
frame images.

Setting image reconstruction
Auto settings allow the software to automatically select the most appropriate reconstruction parameters 
for the acquired images to reconstruct N-SIM images. Users can further optimize reconstruction by manually 
adjusting these parameters.

Reconstruction view
Reconstruction view allows users to preview the results of the selected reconstructed parameters on the current/
selected frame, allowing for efficient reconstruction parameter determination.

High-speed reconstruction processing using GPU
High-speed processing using GPU ensures image reconstruction five times 
faster than that of CPUs, and allows image processing with reduced stress 
(when using a recommended PC and GPU board).

N-SIM image processing, reconstruction and analysis are carried out using the 
N-SIM module that resides within Nikon’s universal, cross-platform imaging 
software NIS-Elements. The NIS-Elements platform allows for the same level of 
intuitive operation of N-SIM that exists for other Nikon imaging systems such as 
confocal microscopes.

Image acquisition

Image processing

・N-SIM mode selection   
・Laser power control  
・Setting imaging options
・JOBS option

N-SIM analysis software

N-SIM image acquisition (3D-SIM)

・Manual setting of N-SIM image   
    reconstruction parameters  
・Optimization of N-SIM image
    reconstruction parameters
・Reconstruction view
・Batch reconstruction
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NVIDIA® Quadro® GPU

Reconstructed image size: 2048 x 2048 pixels 
(66 µm x 66 µm with a 100X objective), 
consists of four stitched images



 Dry objectives 
The N-SIM is compatible with dry objectives, 
making both super resolution imaging and confocal 
imaging available without switching lenses. Low-
magnification and wide field-of-view dry lenses 
enable high resolution observation even at the 
periphery of sample tissues.
*Dry objectives support 2D-SIM and 3D-SIM (slice 
reconstruction)

 Immersion objectives

The adjustment and inspection of lenses 
using wavefront aberration measurement 
provide the SR objective with superb optical 
performance for super-resolution microscopes, 
with the lowest possible asymmetric 
aberration.
The SR HP objective offers high durability 
against high power laser excitation and 
minimum axial chromatic aberration, and 
exhibits excellent performance in super-
resolution imaging, eliminating the need to 
switch objectives between the N-SIM and 
N-STORM systems.

�  Objectives for super-resolution microscopes
Silicone immersion objective
Silicone immersion objective uses high viscosity 
silicone oil for immersion liquid, which has a 
refractive index that closely matches with those of 
the live cells. It allows capturing high-resolution, 
multi-color 3D images up to the apical side of 
a cell during long-term, time-lapse imaging. 
Superior chromatic aberration correction and 
high transmittance are ensured through broad 
wavelength range.

�  Auto correction collar (Option) 
This unique, auto correction collar with harmonic 
drive and automatic correction algorithm, 
enables perfect alignment of the correction collar 
of AC series objectives, easily and accurately 
compensating for changes in temperature, 
deviation of cover glass thickness, or refractive-
index distribution in samples.
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CFI SR HP Apochromat TIRF 100XC Oil
CFI SR Plan Apochromat IR 60XC WI

Utilizing structured illumination microscopy (SIM) technology, the 
N-SIM E realizes double the spatial resolution of conventional optical 
microscopes (to approximately 115 nm). N-SIM E is a streamlined, 
affordable super-resolution system supporting only essential, 
commonly used excitation wavelengths and imaging modes, making 
it an obvious choice for individual labs.

•  Double the resolution of conventional optical microscopes 
(approximately 115 nm)

•  Temporal resolution of 1 sec/frame
•  Axial super-high resolution imaging with 3D-SIM mode
•  3-color multi-laser super-resolution capability with the  

dedicated compact laser unit

Super Resolution Microscope N-SIM E
A personal super-resolution microscope that provides the 
same high resolution as the N-SIM

CFI Plan Apochromat Lambda 60XC
CFI Plan Apochromat Lambda 40XC

FOV of 40X lens

FOV of 100X lens

CFI SR HP Plan Apochromat Lambda S 100XC Sil



Ti2-E with double layer
configuration with
Perfect Focus Unit

TI2-LA-HTIRF H-TIRF module 
with TI2-LA-FL Epi-Fl module

Motorized HG fiber
illuminator Intensilight

LU-NV series
laser unit

Piezo Z stage

N-SIM Shield box

Vibration isolated table

TI2-FT N-SIM
motorizedfilter turret

N-SIM
illuminator
unit R

C-DA C-mount adapterC-mount relay lens 
VM2.5X SIM

NIS-Elements AR /
NIS-Elements C*

Side port***

PC

C-DA C-mount adapter

Motorized N-STORM kit **

NIS-A 6D and
N-SIM analysis

iXon Ultra DU-897U 
EMCCD camera
(Andor Technology Ltd.)

ORCA-Flash4.0 sCMOS camera
(Hamamatsu Photonics K.K.)

TI2-LA-NS2 N-STORM module 2
with TI2-LA-FL Epi-Fl module**

�  N-SIM system diagram
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* Required when used with confocal system
** Required when configured with N-STORM

*** Supplied with microscope main body

N-SIM N-SIM E
Lateral resolution (FWHM of beads in xy) 115 nm*1 in 3D-SIM mode, 86 nm*2 in TIRF-SIM mode 115 nm*1 in 3D-SIM mode
Axial resolution (FWHM of beads in z) 269 nm*1 in 3D-SIM mode
Image acquisition time Up to 0.6 sec/frame (TIRF-SIM/2D-SIM)

Up to 1 sec/frame (3D-SIM)
Up to 1 sec/frame (3D-SIM)

Reconstructed image size 1024 x 1024 pixels, 2048 x 2048 pixels*3

Imaging mode TIRF-SIM
2D-SIM
3D-SIM (Reconstruction method: slice, stack)

3D-SIM
Reconstruction method: slice, stack (option)

Multi-color imaging Up to 5 colors Up to 3 colors
Simultaneous multi color imaging Two colors —
Compatible Laser LU-NV series laser unit

Standard: 405 nm, 488 nm, 561 nm, 640 nm
Option: 445 nm, 514 nm
Laser combination: 405 nm/445 nm/488 nm/561 nm/647 nm

LU-N3-SIM laser unit
488 nm, 561 nm, 640 nm

Compatible microscope Motorized inverted microscope ECLIPSE Ti2-E
   Perfect Focus System
   Motorized XY stage with encoders
   Piezo Z stage

Motorized inverted microscope ECLIPSE Ti2-E
   Perfect Focus System
   Motorized XY stage with encoders
   Motorized barrier filter wheel
   Piezo Z stage (option)

Objective CFI SR HP Plan Apochromat Lambda S 100XC Sil (NA1.35)
CFI SR HP Apochromat TIRF 100XC Oil (NA 1.49)
CFI SR Apochromat TIRF 100XAC Oil (NA 1.49)
CFI SR Plan Apochromat IR 60XC WI (NA 1.27)
CFI SR Plan Apochromat IR 60XAC WI (NA 1.27)
CFI Plan Apochromat Lambda 60XC (NA 0.95)*4

CFI Plan Apochromat Lambda 40XC (NA 0.95)*4

Camera iXon Ultra DU-897U EMCCD camera (Andor Technology Ltd.)  
ORCA-Flash 4.0 sCMOS camera (Hamamatsu Photonics K.K.)

ORCA-Flash 4.0 sCMOS camera (Hamamatsu Photonics K.K.)

Software NIS-Elements Ar/NIS-Elements C  
(for Confocal Microscope A1+/A1R+)
Both require additional software modules NIS-A 6D and N-SIM Analysis

NIS-Elements Ar/NIS-Elements C (for Confocal Microscopes)
Both require additional software modules NIS-A 6D and N-SIM 
Analysis

Operating conditions 20 ºC to 28 ºC ( ± 0.5 ºC)
*1 These values are measured using 100 nm diameter beads excited with 488 nm laser. Actual resolution is dependent on laser wavelength and optical configuration.   *2 This value is measured using 40 nm diameter beads 
excited with 488 nm laser. Actual resolution is dependent on laser wavelength and optical configuration.   *3 With ORCA-Flash 4.0 sCMOS camera.   *4 Supports 2D-SIM and 3D-SIM (slice reconstruction).

N-SIM/N-SIM E Specifications



Achieving a resolution 10 times greater than a conventional optical 
microscope enables molecular level understanding

STochastic Optical Reconstruction Microscopy (STORM) reconstructs a super-resolution fluorescent image by 

combining precise localization information for individual fluorophores in complex fluorescent microscope 

specimens. N-STORM takes advantage of Nikon’s powerful Ti2-E inverted microscope and applies high-

accuracy, multi-color localization and reconstruction in three dimensions (xyz) to enable super-resolution 

imaging at tenfold the resolution of conventional optical microscopes (up to 20 nm in xy). This powerful 

technology enables the visualization of molecular interactions at the nanoscopic level, opening up new worlds 

of scientific understanding.

N-STORM is fully improved as N-STORM 4.0 that allows high-speed STORM imaging of intracellular dynamics 

and imaging of large field of view.

�  10 times the resolution of conventional optical microscopes in x, y and z

�  Dynamic super resolution imaging at the nanoscale level

�  Multi-color imaging capability

�  High definition, high density images

�  Large image acquisition area
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�  10 times the resolution of conventional optical microscopes in x, y and z

Up to 20nm lateral resolution
N-STORM utilizes high accuracy localization information for thousands of individual fluorophores present in a field of view to create 
breathtaking “super-resolution” images, exhibiting spatial resolution that is 10 times greater than conventional optical microscopes.
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200nm

200nm

5 µm

5 µm

1 µm

1 µm

Human cervical cancer cells (HeLa S3) labeled with Alexa Fluor® 647 (NUP153) and ATTO 488 (TPR)
Photos courtesy of:  Dr. Michael W. Davidson, National High Magnetic Field Laboratory, Florida State University

N-STORM images

Conventional widefield images

Tom 20 of Mitochondria labeled with Alexa Fluor® 647

Tubulin of BSC-1 cell labeled with Alexa Fluor® 647

Up to 50nm axial resolution
In addition to lateral super-resolution, N-STORM utilizes proprietary methods to achieve a tenfold enhancement in axial resolution over 
conventional optical microscopes, and effectively provide 3D information at the nanoscale.
3D-Stack function allows multiple 3D STORM images in different Z positions to be captured and merged into one image to create thicker 
STORM image.

5 µm
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Dual color STORM image of microtubule (Alexa Fluor® 405-Alexa Fluor® 647) and 
mitochondria (Cy3-Alexa Fluor® 647) in a mammalian cell.
Objective: CFI Plan Apochromat VC 100X Oil (NA 1.40)

�  Multi-color imaging capability
Multi-color super-resolution imaging can 
be carried out using both activator-reporter 
pairs for sequential activation imaging 
and activator-free labels for continuous 
activation imaging. This flexibility allows 
users to easily gain critical insights into the 
localization and interaction properties of 
multiple proteins at the molecular level.

�  Dynamic super resolution imaging at the nanoscale level
Image acquisition speed has been significantly improved, increasing from minutes to seconds* for a single shot, due to newly developed 
optics and illumination systems optimized for the sCMOS camera, which is capable of approximately 10 times faster image acquisition 
than before. Thanks to this improvement, it is now possible to acquire dynamics of living specimens at a resolution 10 times greater 
than that of conventional optical microscopes.
* Using high-speed mode (20µm x 20µm imaging area)

Time-lapse STORM image of African green monkey kidney cell 
(BSC-1) labeled with Mito-Tracker Red (Mitochondria).
Imaging speed: 500 fps 
28 sec time-lapse imaging with 2 sec interval
Time-lapse imaging enables to acquire dynamic mitochondria at 
the molecular level.
Scale bar: 0.2µm 
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Super-resolution image quality is significantly improved in the same imaging time.
Sample: Tubulin of BSC-1 cell labeled with Alexa Fluor® 647, acquisition time: 20 seconds

After improvement Before improvement

Left: 4 times wider imaging area, 80 µm x 80 µm  
(wide-view mode)
Right: Imaging area of conventional model, 40 µm x 40 µm
Sample: Mitochondria TOM20 conjugated with Alexa Fluor® 647

�  High definition, high density images
The newly developed illumination magnifying lens, improved laser excitation efficiency, and increased image acquisition rate 
successfully enhance the density of molecules per unit area and provide much clearer images with high molecule counts. 

�  Large image acquisition area
Intermediate zoom lenses in the imaging system have been newly developed and optimized for a wide field of view. 
The wide-view mode is achieved at 80 µm x 80 µm, which is an imaging area 4 times wider than before.

512 pixels

sCMOS

EM-CCD

51
2 
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256 pixels

10 µm

5 µm 5 µm

25
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�  2D STORM image

3D DNA-PAINT image of the nuclear lamina protein Lamin 
A/C in a fixed CV-1 cell
Image depth:5.1µm
Step size : 100nm

�  3D STORM image

N-STORM can use DNA-based point accumulation for imaging in nanoscale topography (DNA-PAINT) that exploits transient binding and unbinding 
of fluorescently labeled DNA strands to their complementary target strands, to create signal blinking to enable super-resolution imaging. 

200nm

200nm

5 µm

5 µm

1 µm

1 µm

African green monkey kidney cells (BSC-1) labeled with Alexa Fluor® 647 (Tubulin) and ATTO 488 (Calreticulin)
Photos courtesy of: Dr. Michael W. Davidson, National High Magnetic Field Laboratory, Florida State University

N-STORM images

Conventional widefield images
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A human fibroblast labeled with EdU-Alexa Fluor® 647 to visualize 
DNA with 3D-STORM.
Photo courtesy of: Jason Otterstrom, Ph.D., Melike Lakadamyali, 
Ph.D., The Institute of Photonic Sciences (ICFO), Castelldefels

a:  Hippocampal neurons and glia in culture
b: Growth cone of a neuron in culture
c: Glia in a neuronal culture
d: COS cells
3D STORM imaging of actin labeled with Alexa Fluor® 647 Phalloidin using depth-code pseudo color. Image “a” shows four types of actin organization,  
from bottom left to top right: the cell body of a neuron, a glial cell with stress fibers, a neuronal dendrite with spines, and an axon.
Photos courtesy of: Dr. Christophe Leterrier, NeuroCyto team, NICN CNRS-AMU UMR7259, Marseille, France

Primary cell culture of Drosophila brain
3D STORM image of EdU-labeled DNA in Drosophila melanogaster neuroblast
Photo courtesy of: Anna Oddone, Ph.D., Melike Lakadamyali, Ph.D. group,  
The Institute of Photonic Sciences (ICFO), Castelldefels

a

c

b

d



�  The principle of STochastic Optical Reconstruction Microscopy

STochastic Optical Reconstruction Microscopy (STORM) 
reconstructs a super-resolution image by combining 
high-accuracy localization information of individual 
fluorophores in three dimensions and multiple colors
N-STORM uses stochastic activation of relatively small numbers of 
fluorophores using very low-intensity light. This random stochastic 
“activation” of fluorophores allows temporal separation of individual 
molecules, enabling high precision Gaussian fitting of each fluorophore 
image in XY. By utilizing special 3D-STORM optics, N-STORM can also 
localize individual molecules along the Z-axis with high precision. 
Computationally combining molecular coordinates in three dimensions 
results in super-resolution 3D images of the nanoscopic world.

High-precision Z-axis position detection
Using a cylindrical lens that asymmetrically condenses light beams in either X or Y direction, Z-axis 
molecule locations can be determined with an accuracy of about 50 nm. Location in Z is determined by 
detecting the orientation of the astigmatism-induced stretch in the X or Y direction and the size of the 
out-of-focus point images. 3D fluorescent images can be reconstructed by combining the determined 
Z-axis location information with XY-axis location information.

Variety of photoswitchable probes and labeling approaches for high localization accuracy
Various types of activator-reporter pairs and activator-free labels are available. The activator-reporter dye pair approach provides consistent localization accuracy 
between channels by leveraging the same reporter dye for different channels. Each dye pair consists of an activator dye and reporter dye, with the activator dye 
regulating the activation state of the reporter dye. Activator-free labels consist of imaging dye only, enabling simple labeling and sample preparation techniques 
such as conventional indirect immunofluorescence using conventional dye-conjugated antibodies.

Conventional fluorescent microscopy

N-STORM processing

Activates with very 
low-intensity light

Excites with strong 
light

Activates with very 
low-intensity light

Excites with strong 
light

Detects the center location
Repeat

Detects the center location

Plot detected localization 
information

Super 
resolution 
image

Excite all fluorophores Individual localization information cannot be detected 

Reconstruction of N-STORM images using localization information 
of individual fluorophores

Sequential activation illumination with activator-reporter pair

Continuous activation illumination with activator-free label

Single spot image

400 200 0 -200 -400 Z-axis location
 (nm)

Activator-reporter pair Activator-free label

STEP 1  Most activator-reporter dye pairs are converted to a non-emissive state by 
combining them with high intensity light and specialized imaging buffer additives.

STEP 1  Activator-free reporter dye is converted to a non-emissive state by combining it 
with high intensity light and specialized imaging buffer additives.

STEP 2  Absorption of light by an activator results in transfer of energy to a nearby reporter 
dye, accelerating the transition of the reporter dye from a non-emissive to a ground 
state.  The use of spectrally distinct activator dyes allows for the use of the same 
reporter dye for multiple imaging channels. STEP 2  The reporter dye will stochastically relax to the ground state and then be excited 

to the fluorescent state by ongoing high intensity illumination.

STEP 3  High intensity illumination results in fluorescence emission from the activated 
reporter dye.

An activator-reporter pair consists of a shorter-wavelength dye for 
activation and a longer-wavelength dye for detection. Creation of 
three-color, super-resolution images is possible with multiple dye-pairs.

An activator-free label requires only a reporter dye for 
image acquisition. Creation of three-color, super-resolution 
images is possible using dyes with well-separated 
emission spectra.
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Alexa Fluor® 405

Alexa Fluor® 647 Alexa Fluor® 647

Target molecule
Target molecule

Secondary antibody
Secondary antibody

Primary 
antibody

Primary antibody

Dye for activator Dye for reporter

Alexa Fluor® 405 Alexa Fluor® 647

Cy2 Alexa Fluor® 647

Cy3 Alexa Fluor® 647

Dye for imaging

Alexa Fluor® 647, CF™ 647, Cy5, ATTO 647N

CF™ 568, Cy3B, Alexa Fluor® 568, Alexa Fluor® 555

CF™ 488, ATTO 488, Alexa Fluor® 488

Alexa Fluor®

405

Alexa  
Fluor®

405

Alexa Fluor®

405

Alexa Fluor® 647

Alexa Fluor® 647

Alexa Fluor® 647 Alexa Fluor® 647

Alexa Fluor® 647

Alexa Fluor® 647

Repeat 

Repeat 

Target molecule

Target molecule

Target molecule Target molecule

Target molecule

Target molecule



Image acquisition  Image analysis

Nikon’s imaging software NIS-Elements and N-STORM Analysis offer various operations, from N-STORM image acquisition to image 
reconstruction. During image acquisition, live wide-field and reconstructed N-STORM images, as well as the number of localized molecules, 
can be viewed in real time.

Image acquisition setting
Simple changeover between 2D-STORM and 3D-STORM image acquisition mode is 
possible.

Setting image acquisition conditions
The acquisition software supports dual color time-lapse imaging of live cells using 
continuous activation mode. Drift correction in X, Y and Z utilizing fiducial markers 
allows for the precise localization of molecules and is especially useful for live cell 
samples.

Real time display of localizations per frame
During N-STORM image acquisition, the number of localized fluorescent molecules 
is displayed in real time using images and graphs. Clicking the Auto LP (Auto Laser 
Power) button automatically adjusts laser power, depending on the number of 
localized fluorescent spots.

Batch processing analysis
Simultaneous analysis of multiple N-STORM images is possible.

Crosstalk subtraction
Subtracts fluorescent spots resulting from excitation crosstalk. After adjusting 
crosstalk subtraction settings, the resulting image appears immediately.

N-STORM image display type
Three types of display are available: Gaussian, cross or Gaussian and cross.

3D display
A major feature of N-STORM is 3D super-resolution image acquisition and 
analysis. Acquired images can be displayed at any angle after analysis.

Image magnification
Selected areas of images can be magnified by up to 20,000%.

N-STORM analysis software

N-STORM image acquisition dialog box
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N-STORM module 2

The N-STORM module 2 automatically focuses 
the laser and adjusts the incident angle for TIRF 
illumination. Motorized magnifying lenses (1X, 2X, 
4X, 8X) in the illuminator enable easy switching 
of illumination power and imaging field to 
accommodate various STORM imaging applications.

Auto correction collar (Option)

This unique, auto correction collar with harmonic 
drive and automatic correction algorithm, 
enables perfect alignment of the correction collar 
of AC series objectives, easily and accurately 
compensating for changes in temperature, deviation 
of cover glass thickness, or refractive-index 
distribution in samples.

Motorized N-STORM kit

Equipped with a 0.4X zoom lens for acquiring 
images with a CMOS camera and a cylindrical 
lens for 3D imaging. Both lenses are motorized 
for software-controlled placement in/out of the 
optical path. The accompanying rectangular field 
stop limits illumination to just the imaging area, 
minimizing unwanted photobleaching outside the 
target image acquisition area. 
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CFI SR HP Plan Apochromat Lambda S 100XC Sil
CFI SR HP Apochromat TIRF 100XC Oil
CFI HP Plan Apochromat VC 100X Oil

Acquired using the CFI SR HP Plan Apochromat Lambda S 100XC Sil (approx. 6.5 µm depth)

Objectives designed for N-STORM

The HP series of objectives are compatible with the ultrahigh power lasers required for inducing rapid photoswitching of fluorophores. They provide improved axial 
chromatic aberration correction for achieving the highest level of precision in localization and image alignment for 3D multi-color STORM imaging.
Silicone immersion objectives provide a closer refractive index match with live cells and aqueous environments than standard oil immersion objectives. Because of 
this closer refractive index matching, these objectives can provide improved photon collection capability and resolution when performing super-resolution imaging 
deeper into the specimen.

2µm 0.2µm

2µm 0.2µm

Acquired using the CFI SR HP Apochromat TIRF 100XC Oil (approx. 6.5 µm depth)



Piezo Z stage

Vibration isolated table

TI2-LA-NS2 N-STORM
module 2 with TI2-LA-FL

Epi-Fl module

Motorized HG fiber
illuminator Intensilight

Motorized
N-STORM kit

Ti2-E with single layer
configuration with
Perfect Focus Unit

LU-NV series
laser unit

ORCA-Flash4.0 sCMOS camera
(Hamamatsu Photonics K.K.)

NIS-Elements AR /
NIS-Elements C*

PC

NIS-A 6D and
N-STORM analysis

�  N-STORM system diagram
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N-STORM Specifications

XY resolution Approximately 20 nm

Z-axis resolution Approximately 50 nm

Imaging mode 2D-STORM (normal mode, continuous mode)
3D-STORM (normal mode, continuous mode), 3D-Stack function

Max. field of view 80 µm x 80 µm

Acquisition speed Up to 500 Hz

Multi-color imaging Up to 3 colors 

Compatible laser LU-NV series laser unit
Standard: 405 nm, 488 nm, 561 nm, 647 nm
Option: 445 nm, 458 nm
Laser combination: 405 nm/445 nm/488 nm/561 nm/647 nm,  
405 nm/458 nm/488 nm/561 nm/647 nm

Compatible microscope Motorized inverted microscope ECLIPSE Ti2-E
   Perfect Focus System
   Motorized XY stage with encoders
   Piezo Z stage

Objective CFI SR HP Plan Apochromat Lambda S 100XC Sil (NA1.35)
CFI SR HP Apochromat TIRF 100XC Oil (NA 1.49)
CFI HP Apochromat TIRF 100XAC Oil (NA 1.49)
CFI HP Plan Apochromat VC 100X Oil (NA 1.40)

Camera ORCA-Flash 4.0 sCMOS camera (Hamamatsu Photonics K.K.)

Software NIS-Elements Ar/ NIS-Elements C (for Confocal Microscope A1+/A1R+)
Both require additional software modules NIS-A 6D and N-STORM Analysis

Operating conditions 20 ºC to 25 ºC ( ± 0.5 ºC)

* Required when used with confocal system
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Combining super-resolution microscopes with other 
imaging modalities
Super Resolution Microscopes N-SIM and N-STORM can be configured with additional imaging modalities on the 

motorized inverted microscope ECLIPSE Ti2-E, expanding the functionality and flexibility of the imaging system.

Both N-SIM and N-STORM can be simultaneously configured with a confocal microscope system such as the A1+, and can be easily 
switched between confocal imaging and super resolution imaging.
A desired location in a sample can be specified in a low-magnification/large FOV confocal image and acquired in super-resolution 
by simply switching the imaging method. Combining a confocal microscope with a super-resolution system not only provides a 
larger contextual view of the super-resolution information, but also provides a mechanism for easily comparing super-resolution 
and confocal data.

N-SIM/N-STORM with confocal microscopes

Select the location to acquire a SIM 
image in a confocal image

Select the location to acquire a STORM image in a 
confocal image

Confocal image

Acquire the STORM image of the selected location

N-STORM image

Overlapped image of STORM and confocal images

Overlay image

Confocal image N-SIM image

Acquire the SIM image of the selected 
location



23

E. coli (XL1-Blue) expressing SGFP2
Photos courtesy of: Drs. Takahisa Suzuki and Ikuo Wada, 
Fukushima Medical University School of Medicine

HEK cells expressing an eGFP-CB1 fusion construct were imaged with both confocal and 3D STORM 
modules on the same imaging platform. CB1 was counter-stained using secondary antibodies labeled 
with a Cy3-Alexa Fluor® 647 tandem dye pair for STORM imaging. GFP fluorescence was imaged using 
the confocal module.
Membrane structures are visible at a higher resolution in the STORM image than in the confocal 
image. In addition, intracellular membrane structures that are not visible in the confocal image due to 
limitations in dynamic range and resolution are visible in the STORM image. 
Photos courtesy of: Barna Dudok Ph.D., Laszlo Barna Ph.D., and Istvan Katona Ph.D., Laboratory of 
Molecular Neurobiology, Institute of Experimental Medicine of the Hungarian Academy of Sciences

N-SIM image Confocal imageConfocal image

Configured with N-SIM, N-STORM and confocal microscope A1+

N-STORM image

Combining N-SIM and N-STORM on a single imaging platform allows 
users to take advantage of the unique benefits each of the super-
resolution modalities provide, expanding the functionality of each 
individual technology. For example, N-SIM enables users to acquire 
thicker volume images, thereby providing contextual information for 
the single-molecule level data acquired with N-STORM. N-SIM can 
also be used to image additional structures not imaged by N-STORM, 
providing a more comprehensive molecular landscape for interpreting 
the ultra-high resolution data acquired by N-STORM. 

N-SIM with N-STORM

5 µm

Mouse brain section (hippocampus CA1 region) immunostained against CB1 cannabinoid receptors using Alexa Fluor® 647
With STORM imaging, the membrane of axon terminals with hollow are much sharply observed. 
Photos courtesy of: Barna Dudok Ph.D., Laszlo Barna Ph.D., and Istvan Katona Ph.D., Laboratory of Molecular Neurobiology, Institute of Experimental Medicine of the Hungarian 
Academy of Sciences

3D-STORM imageConfocal image

2 µm2 µm
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WARNING-LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT
Total Power 500mW MAX.
CW 400～700nm
IEC/EN60825-1 : 2007, 2014

C o m p l i e s  w i t h  F D A  p e r f o r m a n c e  s t a n d a r d s
f o r  l a s e r  p r o d u c t s  e x c e p t  f o r
d e v i a t i o n s  p u r s u a n t  t o  L a s e r  N o t i c e
N o .  5 0 ,  d a t e d  J u n e  2 4 ,  2 0 0 7

DANGER-VISIBLE AND INVISIBLE
LASER RADIATION AVOID EYE
OR SIKN EXPOSURE TO DIRECT
OR SCATTERED RADIATION
CLASS 4 LASER PRODUCT
Total Power 1500mW MAX. 
CW 370～790nm
IEC/EN60825-1 : 2007, 2014

C o m p l i e s  w i t h  F D A  p e r f o r m a n c e  s t a n d a r d s
f o r  l a s e r  p r o d u c t s  e x c e p t  f o r
d e v i a t i o n s  p u r s u a n t  t o  L a s e r  N o t i c e
N o . 5 0  d a t e d  J u n e  2 4 ,  2 0 0 7 .
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