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Abstract: We propose and demonstrate a new strategy for high-throughput, biochemical-specific, single-cell imaging cytometry, 
based on integration of a high-speed spinning planar platform (900-3600 rpm) and ultrafast optical time-stretch imaging (at a 
line-scan rate of 11 MHz).  
 
As the workhorse in modern biological research and clinical diagnosis, imaging cytometry allows multiparametric 
investigation of cellular features ranging from the morphological to the molecular signatures. However, classical 
approaches still run short of sufficiently high throughput to analyze cell-to-cell variability in a large and 
heterogeneous population from which complex cellular physiology can be unveiled [1]. The challenge primarily 
originates from that all standard optical microscopes compromises the static field-of-view (FOV), i.e. the number of 
the cells to be imaged and analyzed, with the image resolution. A prevalent remedy is to incorporate a high-speed 
camera with automated sample scanning in a microscope system, such that the large FOV and thus cell population 
can be sequentially scanned without sacrificing image resolution. However, the throughput of such automated 
microscopy is still limited by speed of the mechanical raster scanning and the inherent speed-versus-sensitivity 
trade-off of the camera technologies. There are also emerging computational imaging approaches achieving large 
FOV (~ 10 cm2) with cellular resolution, at the cost of increased image processing complexity [2]. Without resorting 
to intensive computation, we here report a new type of imaging cellular assay to address the speed challenge in 
automated microscopy. The central concept of this assay is to enable ultrafast imaging scan on a high-speed 
unidirectional-motion platform on which the cells are prepared or captured. We implement it by leveraging high-
speed spinning motion brought by the commercial digital versatile disc (DVD) platform on which is known to be 
compatible with a myriad of cellular assays [3]. Individual cells on the spinning DVD can be imaged at high-
resolution ultrafast time-stretch imaging that offers an imaging line-scan rate of tens of MHz [4]. So far, time-stretch 
imaging has primarily been limited to intrinsic single-cell imaging and phenotyping (e.g. size, morphology) in the 
format of flow suspension assay [5]. The scope of its applications can be greatly expanded by incorporating the 
spinning planar platform. For instances, biochemical phenotyping can be made possible with time-stretch imaging 
when the spinning platform is functionalized for ligand binding assay (e.g. assay based on cell surface markers). The 
solid spinning platform also favors multiplexed cellular assays in an array format – leading to high-degree of 
parallelization. More intriguingly, the planar platform is also compatible with large-scale adherent cell assays, in 
which individual cells in a culture medium can be monitored in real-time – an important biological research 
application yet to be explored with time-stretch imaging.  

Figure 1. (a) The schematic of time-stretch imaging cellular assay based on a spinning platform. The light source is a broadband pulsed laser centered at 1060nm. The 
use of the single-pixel detector for ultrahigh-speed image acquisition is made possible by a 30-km single-mode fiber, which performs wavelength-time mapping of the 
pulses, and a diffraction grating, which performs spectral-encoding of the image [4]. (b) The schematic of the DVD-based spinning assay. Only the transparent 
polycarbonate layer of a commercial DVD is extracted, cleaned and treated with streptavidin coating in four predefined areas (wells). Micro-particles or cells are 
loaded, incubated and rinsed directly in the wells. Another identical but streptavidin-free polycarbonate layer is aligned to cover the well, which is filled with fluidic 
medium, through UV-curing adhesive. This step is important for maintaining the viability of the captured cells during the imaging procedures. 
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The time-stretch imaging operation is based on an all-optical, ultrahigh-speed one-dimensional (1-D) scanning beam, 
enabled by the combined effect of spectral-encoding and group velocity dispersion [4], illuminating onto the 
spinning DVD and single-pixel photodetection (Fig. 1(a)). As the linear motion of the DVD is configured to be 
orthogonal to the scanning beam, a two-dimensional (2-D) image can be reconstructed by digitally stacking the line-
scans, similar to the prior work based on optofluidic flow imaging [6]. Note that the scan-rate is entirely governed 
by the repetition rate of the broadband pulsed laser source (i.e. 11 MHz). To demonstrate the capability of the 
biochemical-specific cell-based assay, we functionalized four predefined areas (or wells) on polycarbonate substrate, 
which is extracted from an ordinary DVD, with streptavidin coating, for further biochemical-specific micro-
particle/cell captures. The substrate structure and methodology are detailed in Fig. 1(b). We also modified a 
commercial DVD drive with a custom-made controller such that stable spinning motion of the functionalized 
double-layer DVD can be arbitrarily controlled within the range of  900-3600rpm. 

Figure 2. (a) Polystyrene microspheres tagged with different surface markers: ((i) biotin (Target) (ii) streptavidin (Control)) were incubated on the streptavidin-coated 
polycarbonate substrate respectively in different wells for 30 minutes. Followed by rinsing for 5 times with 1x phosphate-buffered saline (PBS), the substrate was 
covered with another DVD polycarbonate layer (as described in Fig. 1(b)). Static images in both the target and control wells were then acquired by a conventional 
light microscope. (b) Optical time-stretch images of microspheres taken at the target well. The substrate was rotating at 2400 rpm or 12.5 m/s equivalent. (c) 
Biotinylated horse anti-goat antibody and goat anti-Epithelial cell adhesion molecule (EpCAM) antibodies are pre-coated in the target wells and only original 
streptavidin layer exists in control wells. Human breast cancer cells (MCF-7) are incubated in all the wells for 30 minutes, followed by rinsing for 5 times with 1x 
PBS. Static images of the human breast cancer cells MCF-7 in (i) the target well (ii) the control well were acquired by a light microscope. (d) Optical time-stretch 
images taken in target well. The substrate was rotating at 2000 rpm or 10 m/s equivalent. 
 

We have performed two experiments to demonstrate the capabilities of specific microparticle-/cell-capture and high-
speed imaging of the system. First, the streptavidin-coated substrate was incubated with biotin- and streptavidin-
conjugated polystyrene microspheres respectively. The high biotin-streptavidin binding specificity is clearly 
illustrated from that the target well populated with the biotin-coated microspheres (Fig. 2(a)(i)) whereas the 
microspheres are virtually absent in the control well (Fig. 2(a)(ii)). Using time-stretch imaging, we are able to image 
the microspheres on the high-speed spinning platform, which rotated at 2400rpm (or equivalent to 12.5m/s). In the 
context of circulating tumor cells (CTCs) detection for cancer diagnosis, we employed the system to image human 
breast cancer cells (MCF-7) which are captured specifically on the DVD platform through conjugation with the 
surface antigen of MCF-7, epithelial cell adhesion molecule (EpCAM). With a proper anti-EpCAM antibody coating 
we were able to achieve high MCF-7 capture rate (>85%) and performed ultrahigh-speed imaging right after the 
capturing process (see the image comparison between the target and control areas, shown in Fig. 2(c)(i)-(ii)). To 
demonstrate the ability to perform ultrafast large FOV imaging that favors ultrahigh-throughput assays, we captured 
multiple time-stretch images on the same target area at different radial shifts (2000 rpm or 10m/s equivalent) and 
digitally stitched them together to reconstruct the final larger-FOV image (Fig. 2(d)). The significance of this 
platform could be further substantiated by leveraging the ability of time-stretch imaging to perform quantitative 
biophysical single-cell image, e.g. cell size, morphology, dry mass density, stiffness. These biophysical parameters 
utilized in conjunction with the multiplexed biochemical-specific cell-capture on the DVD platform could create 
new opportunities for large-scale single-cell characterization. 
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