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Table 1 Main characteristics of single molecule fluorescence microscopes
Name Characteristics
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There are two conjugate pinholes on the same image plane. By moving the laser beam in the vertical and hor-
izontal directions to scan the sample,the biological sample can be optically sliced effectively. By removing the
defocus fluorescence, the effective signal-to-noise ratio of detection can be significantly improved
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Confocal Microscope
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Based on the total internal reflection of incident excitation light from the glass-water interface, the excitation

field is limited to generate selective illumination.excite the fluorophore close to the glass coverslip/slide sur-

face,detect only the minimum signal from the defocus region,and significantly improve the signal-to-noise

ratio. TIRFM is one of the most commonly used imaging methods in single molecule fluorescence microscopy
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Total Internal Reflection Fluo-
rescence Microscope (TIRFM)
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Far field imaging is used to detect the fluorescence of fluorophores after light activation. Fluorophores are
randomly activated and then imaged, which can be conducted in multiple cycles. PALM has the function of
"crowd-control" ,and is widely used in single particle tracking

DGO S AL I
Photoactivated Localization Mi-
croscope (PALM)
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Stochastic Optical Reconstruc-
tion Microscope (STORM)
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Fluorescence Recovery after
Photobleaching (FRAP)
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Fluorescence Resonance Energy

Transfer (FRET)
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Oblique- Angle Epifluorescence/
Highly Inclined and Laminated
Optical Sheet Microscope
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Scanning Near-Field Optical Mi-
croscope/Near - Field Scanning
Optical Microscope (SNOM or
NSOM)
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Fluorescence Lifetime Imaging
Microscope (FLIM)
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Localization Microscopy
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Stimulated Emission Depletion
Microscope (STEDM)
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Structured Illumination Micro-
scope (SIM)

AR O R
Lattice Light-Sheet Microscope
(LLSM)

Far field imaging is used to detect the fluorescence of fluorophores after light activation. Activation and ima-
ging happen simultaneously, which can significantly increase the rate of data collection. STORM is widely
used in single particle tracking
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Photobleaching is essentially involved in a region of a cell or tissue,in which a specific fluorescently labelled
component is located. Subsequently.the extent of any recovery of fluorescence intensity is quantified in the
region. This recovery of fluorescence intensity is a measure of mobility and turnover processes, which is used
to identify molecular transport parameters,such as diffusion and velocity coefficients,and kinetic parameters
of molecular binding and non binding events. FRAP is one of the main techniques to study anisotropic molec-
ular diffusion on the scale of less than micron
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Using the principle of non radiative energy transfer between a donor and an acceptor molecule,a donor in an
excited electron state can transfer its excitation energy to an acceptor through the electron resonance of mo-
lecular orbitals. FRET is one of the most commonly used technologies to study the interaction between adja-
cent molecules
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Combining wide field imaging and speckle imaging,two original images are processed by algorithm to remove
out of focus information. HILO is a technology that not only can provide optical slices,rapid imaging,but al-
so has the advantages of simple implementation and low cost. It is very useful in the single molecule research
of living cells
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The lens in the traditional optical instrument is replaced by a small optical probe. The laser excitation field
works within the length range less than the optical resolution limit,breaks through the resolution limit of the
far field,scans the image in the near field, and realizes the research of nano scale optical imaging and nano
scale spectrum
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Using the inherent characteristics of fluorescent dyes for imaging. In addition to the emission spectrum,each
fluorescent molecule has a unique lifetime, which reflects the time when the fluorescent group is in the excit-
ed state before emitting photons. FLIM is used to track the dynamic process of protein aggregation
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The far-field region is imaged. The center of Airy disk pattern is the best estimate for the spatial position of
the actual fluorescent emission dye molecules. The mathematical fitting method is used to determine the ac-
tual position of the fluorescent emission "center" for single particle tracking
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In the far-field method,the area of excitation at the focal waist is minimized by controlling the selective de-
excitation of the target fluorophore, which breaks the diffraction limit and can image below the diffraction
limit. There are many variants,all of which comprise light-induced transitions between at least two molecu-
lar states,one of which is fluorescence
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Without using a special fluorescent probe,the sample is illuminated with a spatially periodic,structured illu-
mination mode. Typically,a series of grid-like patterns are illuminated in different acquisitions at different o-
rientations relative to the sample. The images are then analyzed in so-called Fourier or frequency space, reali-
zing 3D super-resolution imaging and tracking
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The ultra-thin light sheet is made from two-dimensional optical lattice, which can significantly improve the
resolution of traditional optical microscope in the three spatial dimensions of x,y and z. Non-invasive four-
dimensional imaging can be carried out in three spatial dimensions plus time dimension in living cells. LLSM
has the advantages of low background,low phototoxicity and fast imaging speed,so as to realize the visual-
ization of intracellular dynamics
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Bimolecular Fluorescence Com-
plementation (BiFC)
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Adaptive Optics

The two proteins are labeled as truncated fluorescent proteins, which themselves do not fluoresce. If the two
proteins interact,the two complementary parts of the fluorescent protein combine together to restore an in-
tact fluorescent protein molecule that can be excited into fluorescence. BiFC is an effective method to detect
protein interaction
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The wave front error is compensated in real time by the optical correction system to correct the wave front
distortion in imaging processes caused by various factors,so as to further improve the performance of single
molecule imaging
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Table 2 Imaging mode of 5 single molecule microscopes
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Application of Single Molecule Imaging and Tracking Technolo-
gies in Industrial Microorganism Researches

YAN Shaomin, WU Guang

(National Engineering Research Center for Non-Food Biorefinery, State Key Laboratory of Non-Food Biomass and Enzyme Tech-
nology . Guangxi Biomass Engineering Technology Research Center.Guangxi Key Laboratory of Biorefinery,Guangxi Academy of

Sciences, Nanning, Guangxi,530007 , China)

Abstract ;: Single molecule tools and technologies have being developed rapidly,and among them single mole-
cule fluorescence microscope technology stands out, which can monitor the spatiotemporal behavior of fluo-
rescent labeled bio-molecules with high specificity, and has become a powerful tool for studying biological
systems. However, the application of single molecule imaging and tracking technology is still in its infancy in
industrial microbial research and enzyme engineering. With the rapid development of bioengineering technolo-
gy,synthetic biology and metabolic engineering,industrial microorganisms are widely used. However,it is of-
ten difficult for strains to maintain the maximum production capacity during the whole cultivation period,
which leads to the economic benefits that cannot meet the needs of industrialization,and becomes a bottleneck
problem restricting the development of microbial cell factory. Thus, new challenges have been posed to the
enzymatic research in the field of enzyme engineering. The technology of single molecule imaging and track-
ing has the advantages of direct,accurate and real-time monitoring, which can be directly studied on living or-
ganisms. It has successfully realized the real-time monitoring of the catalytic process of single molecular en-
zymes,and found new single molecular behaviors and reaction mechanisms of various enzymes. These tech-
nologies contribute to the development of various new enzymes,new characteristic enzymes and new modes of
action enzymes. The main characteristics of single molecule imaging and tracking technologies with fluores-
cence microscopes are briefly described in this article. The application of single molecule imaging technology
in microbial research and enzymology research in the field of enzyme engineering in recent years,as well as its
application status and challenges in industrial microbial research are summarized. The application of these
technologies will promote the development of nanobiology, promote the engineering transformation of en-
zymes and improve the production capacity of cell factories.

Key words: single molecule imaging,single molecule tracking,industrial microorganism,enzyme engineering,

fluorescence microscope
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