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SUPPLEMENTARY METHODS
Cell Culture
Three human breast cancer cell lines MDA-MB-231, MCF-7 and BT-549 were cultured in Dulbecco’s Modified Eagle’s Medium supplemented with 10% FBS, respectively. The cells were cultured at 37°C, 95% relative humidity and 5% CO2, which were then trypsinized (Trypsin-EDTA 1X, Sigma) and mixed with 1:1 media for use.
Microfluidic Chip Fabrication
The microfluidic chip was made using microfabrication and soft lithography techniques. Due to the high aspect ratio of the microfluidic channels, the mold for PDMS casting was made in silicon. A cleaned 4-inch silicon wafer was spin coated with positive photoresist AZ4562 (MicroChemicals GmbH) at 4000 rpm for 40 s to get a thickness of ~6 µm. After a soft bake at 110C for 1 min, the wafer was UV-exposed using Heidelberg µPG 501 to directly write the pattern on the photoresist. This was followed by development of the exposed photoresist using MF26A. The prepared wafer was then hard baked at 110C for 4-5 mins followed by etching in deep reactive ion etching in DRIE (SPTS LPX Pegasus). Remaining photoresist was removed using oxygen plasma ashing processes in the DRIE tool. The height of the pattern was verified using Dektak XT surface profiler. The prepared wafer was then spin coated with Teflon® (AF-2400) solution (DuPont) at 4000rpm for 40s to get a thickness of ~170nm. Spin coated Teflon was hard bake at 180°C to evaporate the solvents. Teflon coating allows easy separation by reducing adhesion between the casted PDMS and the silicon mold.
PDMS (Sylgard 184, Dow Corning) mixed in a cross-linker to polymer ratio of 1:10 was cast on to the prepared mold and degassed in a vacuum desiccator. After curing at 60C for 4-5 hours, the PDMS devices were peeled off the wafer. Inlet and outlet holes were made using a biopsy punch. The punched PDMS device along with a cleaned glass slide was treated with oxygen plasma (Harrick Plasma). The two activated surfaces were placed against each other to get PDMS-glass bonded microfluidic chips, which were then baked at 110C for 1 h to get permanently bonded devices that do not leak at high pressures.


SUPPLEMENTARY FIGURES
[image: ]Figure S1

Figure S1: A. The dimensions of a non-linear vortex device. Shown here is a ‘4D’ device. The inlet and outlet channels are 1000µm40µm80µm and 500µm40µm80µm respectively, while the reservoir is 720µm480µm80µm. B. The experimental setup. Microparticle/cell samples are injected into the device from a plastic syringe using a syringe pump. Imaging is carried out using CCD or High-speed cameras coupled to microscope with 3X or 10X magnification lenses. C. Device Fabrication.
Figure S2
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Figure S2: COMSOL Multiphysics boundary conditions.


Figure S3
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Figure S3: (A) Certain designs exhibited highly irregular and unsteady trapping, where the particles either get trapped temporarily, or particles enter the vortex area and escape without getting trapped.  Such designs were deemed unoptimal. The arched trajectory shows that the particles don’t follow the shortest path. A schematic representation of rturn is also shown. (B) A map showing chosen designs with stable trapping, and rejected designs with unstable or no trapping.

Figure S4
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Figure S4: Vortex entrapment of 20µm beads in various designs. i. 3E ii. 3D iii. 4E iv. 4D v. 4B vi. 5B vii. 5E viii. 5D. There is an interplay between the flow-rate at which vortex-trapping is initiated, and the number of beads that are trapped (viz. the area of the trapping orbital or the ‘attractor-ring’). For instance, 5E traps beads at the lowest flow-velocity, but it’s attractor-ring is small in size. Scale bar represents 100µm. Arrows indicate inlet and outlet flow direction. Flows are at U = 0.4-2m/s.


Figure S5
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Figure S5: COMSOL simulation streamlines showing distinct vortex profiles in planes at different depths (-35, -25, -15 and -5 µm) in the reservoir. (Central-plane is at Z=0.)


Figure S6
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Figure S6: Shear rate distribution in 3D device at U=1.2m/s. Using COMSOL simulations, multiple slices were taken along the curvilinear trajectory to analyze the variation of shear rate values. The shear rate distribution is minimum towards the center of the vortex, indicating that the shear-gradient lift force which acts in the direction of decaying shear gradient would always push the particle towards the center of the vortex.


Figure S7
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Figure S7: (A-C) Various regimes of the flow. A. At Re<10, flow is entirely laminar and creeping. Stlarger<<0.1 and Strbc<<0.1, consequently both larger particles and smaller RBCs enter and exit the reservoir along the flow stream. Particle trajectories are observed making a spindle. B. At 10<Re<40, vortex formation takes place. Stlarger<0.1 and Strbc<0.1, hence both larger particles and smaller RBCs still continue to move along the flow stream and no entrapment is observed. C.  At Re>40, Stlarger>0.1 while Strbc<0.1. Hence, larger particles bearing larger inertia shoot through the flow-steam at the sudden orthogonal turn and transiting straight ahead get trapped in the steady trapping orbital close to the core of the vortex. Smaller particles, on the other hand, continue flowing along the stream or circulate in the unsteady outer region of the vortex and pass-by without trapping. An enclosed recirculating trajectory is observed for the larger particles.


Figure S8P < 0.05

Figure S8: A. Percent viability of MDA-MB-231 cells flowed at 1.3 m/s and 4 m/s. Statistics computed using an unpaired t-test. B. Leak vs Inlet Pressure in a device with 18 (parallel) X 8 (series) reservoirs.



SUPPLEMENTARY MOVIES
Movie M1: In few high speed camera studies (i.) beads are observed to be trapped in different focal planes, indicating that the captured beads are recirculating in planes at different depths (ii.) A bead enters the reservoir and exits after traversing through the outer orbital without getting trapped. This confirms that the outer orbitals of the vortex do not enable stable trapping. (iii.) A new bead gets trapped with the already trapped beads when it enters the reservoir (iv.) A trapped bead gets knocked out of the attractor zone.
Movie M2: Size based vortex separation in a heterogenous mixture solution of RBCs and 20 µm beads. RBCs pass by undisturbed or follow about the unsteady orbits in the outermost zone of the vortex, while 20 µm beads get trapped in the steady trapping orbital close to the core of the vortex.
Movie M3-M5: Size-selective isolation of cancer cells from a heterogenous mixture with RBCs in PBS, for: (M3) MDA MB-231, (M4) MCF7, (M5) BT549.
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Figure 4: Leak vs Inlet Pressure in the device with 18 (parallel) X 8 (series) reservoirs.
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