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ABSTRACT

A finite element model of novel immunoassay — the concentration gradient immunoassay (CGIA)* —
was developed. The governing equations, initial conditions, and boundary conditions for the model
which was solved in COMSOL® are presented in detail. The model solves the Poisson and steady-state
Navier-Stokes equations to describe the fluid flow in the microchannel. The convection-diffusion and
surface reaction equations were solved simultaneously and describe the transport of the antibody,
anayte, and antibody-analyte complex in solution and the binding reaction of the antibody to the
immobilized analyte. A pseudo-3d model describes the assay from the inlet to 22 mm downstream and
uses the Poisson equation to solve the velocity profile. A 3d model simulates the assay in the binding

area (see Figure 1 in the primary manuscript).
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Table S-1. List of variables.

Variable Description

Cs (moles m™®) surface concentration of bound antibody

Cap (M) concentration of antibody in solution

Cag (M) concentration of analytein solution

Cag-ab (M) concentration of antibody-analyte (complex) in solution

Cano (M) initial concentration of antibody in solution

Cago (M) initial concentration of analyte in solution

Cag-apo (M) initial concentration of antibody-analyte (complex) in solution
Co (Moles m™?) initial surface concentration of bound antibody

CAg 22 mm (M)

concentration of antigen 22 mm downstream of inlet

Cab_22mm (M)

concentration of analyte 22 mm downstream of inlet

Cag-ab 22mm (M)

concentration of antibody-analyte complex 22 mm downstream
of inlet

Kaas () binding rate of an antibody from solution to the surface
kees(M'sh dissociation rate of an antibody bound to the surface

6 (molesm’®) available antibody binding sites per unit area

& (moles m?) total number of initial antibody binding sites per unit area
p (kgm*s?) pressure

Xs (M) characteristic length (the depth of channel)

u(ms? velocity in x-dimension

us (ms?) characteristic velocity (average velocity)

Up (Ms?) parabolic inlet velocity for 3d model solved in pseudo-3d mode
v(ms?) velocity in y-dimension

w(ms? velocity in z-dimension

p (kgm?) density

w (kgm?*s?h viscosity

D (m°s? diffusion coefficient
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A) Poisson eguation

Solves the pseudo-3d velocity.

Egn(1)

—V-(Vu):[%j/,u

B) Navier -Stokes Equation?

Navier-Stokes equation* a_u Eqn(2)

P p +pueVu=-Vp+uVau

Reynolds number _ PUXs Ean(3)

Re=—
U

* At this size scale, gravitational effects are negligible and the gravity term drops out of the Navier-

Stokes equation.

Boundary conditions

wall Slip plane Inlet Outlet
u=0:; neu=0; uUu=uo; Normal outflow;
v=0, w=0;

C) Convection-diffusion equations governing reaction and transport in the solution

Reaction between antibody and analyte in solution

o Eqn(4)
Coo+ Chy <& Cw-ng
Kot

Convection-diffusion equations for each species®

O:]I—Ct‘“’+V ¢ (—DVCu+Cull ) = KerCog - 20— KenCuCog Ean)

dcs Eqn(6)

. +V ¢ (—DVCi +Cill ) = KCag - 1 — KnCroCag




dCAg - Ab
dt

+V ¢ (—=DVCu - +Cu - wl ) = KonCasCog — KorCog - mo

Ean(7)

Peclet number for each species’

Pa, = U Egn(8)
s E
Pe, — XU an(9)
D
s Egn(10
Pe, .U gn(10)
Ag - Ab

Initial conditions for pseudo-3d model (at inlet of the device)

Cwo=X7* CAgO:Y* CAg—AbD:O

*where X and Y are arbitrary concentrations.

Boundary conditions for pseudo-3d model

Wall/Plane of symmetry

Antibody ne(-DVc.+csu) =0
Analyte ne(-DVc.+c.u)=0
Antibody- Ne(—DVeCy »+Cy w»U)=0

Analyte complex

Initial conditions for the 3d modedl

Cwo=0 CAgo:O CAg—AbO:O

S 4



Boundary conditions for the 3d model

Wall/Slip plane Inlet Outlet Binding Surface

Antibody | ne(-DVc.+c.u)=0 Cao = Cavzzrm ne(-D.Vec.) =0 ne(—DVc.+cul) = No;

No = —KasCa(Bo — Cs) + KiesCs

Analyte ne(—DVcs+cuu) =0 Chg = Cagzzm ne(—DsVC,) =0 Ne(—DVCuy+Cul) =0

Antibody- | ne(-DVCs w+Cs »U) =0 | Cxg-n=Cux-mzm | N®(—Dx »VCi »)=0 | Ne(—DVCx- w+Cx-»U)=0
Analyte
complex

D) Surface reaction

Dimensional form of the reaction equation is described in the primary manuscript.

Initial conditions

I
o

6o =1 binding site every 25 nm’ Ceo
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