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1. Introduction

1.1 HIV/AIDS
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1.2 Microbicides Overview
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2. Dynamics of HIV Neutralization by an Entry Inhib itor
Microbicide Layer: Biophysical Fundamentals and

Transport Theory
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2.3.1 Governing Equations of Transport
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qc ﬂZCM OEXEL
gt PMage K GGt KL G

1 0
Variable Definitition Reference conditions
Cv virus concentration 1.66x10™° M
Cui virus with i CV-N bound
Cwm microbicide concentration 1000.0x10°M
Cn neutralized virus concentration
Dusemen diffusion coefficient of virus in semen 6.49x10° cm®sec™
Dvgel diffusion coefficient of virus in formulation 6.49x10™ cm? sec™
Dwisemen diffusion coefficient of microbicide in semen 1.72x107 cm?sec™
Dwgel diffusion coefficient of microbicide in formulation 1.72x10°® cm® sec™
Dcwn diffusion coefficient of CV-N in a medium
Driv diffusion coefficient of HIV in a medium
Kisemen forward kinetic constant in semen 4.72x10°M* s
Krsemen reverse kinetic constant in semen 4.7x10°s™
Kigel forward kinetic constant in formulation 4.57x10° M*s™
Krgel reverse kinetic constant in formulation 457x10* s
L formulation thickness 100 m
Na Avogadro's number 6.02x10%

VioM Semen/Formulation Partition Coefficient 1
Pepi epithelial permeability to microbicide 10°cm s*
Y radius of HIV 70 nm
Ririmer radius of gp120 trimer 7 nm
dimensions of CV-N 55 Ax 25 A
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2.3.2 Boundary and Initial Conditions
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Initially, all infectious virus is within the semgand all microbicide is in the formulation

layer (Eq. 7).
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2.3.3 Viral Neutralization Kinetics
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2.3.4 Complete Non-Dimensionalized Equations
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2.4 Results
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3. Measuring Macrodiffusion Coefficients in Microbi cide
Hydrogels via Postphotoactivation Scanning
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3.3 Materials and Methods
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4. Development of a Novel Bioassay to Measure the
Restriction of HIV in Microbicide Hydrogels.

4.1 Chapter Summary

A% # =11 $&+!+ %& "ol "% %S
I$% #4% + ,, 6+ 11 &' %E&& 1&+ 1" &" $
1,1% + & #%(! $!'& (S "% %S $&+!
% ! 6 , 6,$+& $ &%, &S #&($ +! =44
Caa>"2& | #'& $2( #, "( #+ I, ", ¢ &
& ! 6 &% '& (S "% %$ %& % &1 & &&(&, (&#  1'(1$?
6! ,$ $H(S ' #% & 1$(% +1& I, 1 CAN %)!'&& I,
61"l ##% + 1,1% '+1& 1, | % 1+$ M% +
"L HHI& % 68& %"+ +&( L HSE&+! + %&,
&1$% #+18&" & % 1$ "% %$ $&+!
+ %&, $(&1$ ":"1"% %$ ! % W' %

4.2 Introduction

B& !$ $3(0 & "% %$ !$(% $,! ( 1+$, 1
#($ #"6% S$#$', 1) y " & %(& !
1% , 6 "% %$ $ 6&&&! &S " HHEY% +

FE&



("% %% 1$%," "1 (&l 1%, 6 41 $

% + %" ($, "&S&+!" +&+ "I MG, "& SI(! &,

T %& &,,#"% %3 H!" % $.% $ 131$%),
VCH% O %!, "% %S #H %+, # $&+!+ & ! 15, +1&
L, &(" =B "% %$ !$(%, (!&1 +]( L(
+& $'1%,& ,&6$+!1&!, %!, &)& $#
('&1'" '% ,6 %+ %" (% $ +' &$#H,,;

#l, $#, 7 7 .,% ., &,, %+ 1% %" $
6 !,1%+ $&+! + %& 6(&S '+$ 'l % % +

1 &

6+! ,$ $ ,,66 ! "% %P $&+! + %&

% %(&& & ! 1,1 #  +1&" (, + (%%, #&& $" ,! $

& # %™ &'%& $'& N!+% &"(%( !','% P, #
+I1GT+IG, 18 ! %&, =8=4E 05l %% $!'&, + , 6 $!
SH##(, #,"&&"&%W(&, $=4) $:! , B, 1C? 6+!2( #%
# =1,1% "% %% $&+! B! &, , "SI HH

1, 1% $ ., ,$ ", 6(&F + %& &, #% %
"%! %% # & (! & , % # %& % && ##% + "%! %$ ! |
()6, (6 % ! (, #H#%% I %& $:!1" &
(&, $",! 1% $:& , + "&% L #!



1% + $&+!1 + %&,60@&P!+$ ,(,

+$!% "% %$

$+&" B H&( % % 1% !, %, ## ("% %$ 1$(%,
B$+& $ +&, $!" 6 I " % %$ $&+!
$1'&%(&$.&6 !, T 6(&$% ! ( +&$ #
C1+( ! %&1I$% , $1+$ "S&, #H(( $&+!
+ %&, , 6 , , $$ "$& % $ ,* %% &&
+ & & EF68& & ,6 ,( $$""! "68&& ,!, 6 $+& $
% 2( #! &% '=44C44>""' & & !, | R

'&& 1,6,%! %& ! &% %) LHC + &% & 1,74
744>"7 1, o7 $6 $HE!I B S &" (# % (1'%
$'& + (%, &% '&#! (" %& %&! & #"% %$
I$%, , &% '& 11, + # %! #" % %S
$&+1+ %&, 6!$,'$ +,"& Tl 1%+
"l %S %( 1!, (+ +1& % +  $ 1+$
N ##% ©D/&($&S 6, &%$+! ,'&& L, $ ( #
+I, "SI & " &$ +! "6,2( #S$( "
L&, % $+8&% $&G#!, IS . = g #( #
R Y S B S T & 1%&8&% " 1, ., , (
G, $1'&, 1,1 nmrnod %.% (! % #&( % &&
"g 1 =s=c

FE



4.3 Methods

4.3.1 Virus Stocks and Concentrations
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5. Creation of an MRI-Derived, Two-Dimensional, Mul ti-
Compartment Model of Vaginal Antiviral Delivery by a
Ring
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5.3 Materials and Methods
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5.3.2 Fluid Amount and Flow
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the wall velocity can be estimated using the apipnakons of vaginal fluid production
and volume.
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Parameter

Value

IVR dimensions
IVR cross section
Vaginal length
Vaginal width
Vaginal fluid volume
Vaginal fluid output
Fluid flow rate
Fluid thickness

IVR flux

Tissue thickness
Dapirivine MW
Dapirivine ICsq

Dapirivine Diffusion Coefficient

57mm x 50mm
4mm
105 mm
50 mm
0.75mL
6mL/day
9.72x10™cm/s
0.2 mm
50ug/day
1-3cm
329.4 g/mol
0.33 ng/ml

4.86x10° cm?/s
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5.4.1 2-D Model Transport Theory
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Appendix A: Experimental Protocols

A.1 Protocol to Determine Diffusion Coefficients (C
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A.2 Prepartation of Caged-Fluorescein Labeled Micro  spheres

(Chapter 3)
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A.3 Transport Assay Protocol (Chapter 4)

A.3.1 Setup

EF6&& ! 6 && &

1 2 3 4 5 6 7 8 9 10 11 12
A - NM NM MO MO GELL GEL1GEL1 GEL2 GEL2 GEL2 -
B -- NM NM MO MO GELL GEL1GELL1 GEL2 GEL2 GEL2 - | DUI156
C - NM NM MO MO GELl GEL1GEL1 GEL2 GEL2 GEL2 --
D - NM NM MO MO GEL1 GEL1GEL1 GEL2 GEL2 GEL2 --
E -~ NM NM MO MO GELL GEL1GEL1 GEL2 GEL2 GEL2 -
F - NM NM MO MO GELL GEL1GEL1 GEL2 GEL2 GEL2 - TRO
G - NM NM MO MO GELL GEL1GEL1 GEL2 GEL2 GEL2 -
H - NM NM MO MO GEL1 GEL1GEL1 GEL2 GEL2 GEL2 --

= *=TF

$I$EF6&& &

1 2 3 4 5 6 7 8 9 10 11 12

A CC VC TA3TA4TA5 TA6 TA7 TA8 TA9 TAL0 TALL TAIL2
B CC VC BA3 BA4 BA5 BA6 BA7 BAS8 BA9 BAIO0 BAIl BAI2
C CcC VC TB3TB4 TB5 TB6 TB7 TB8 TBY TB10 TB1l TBI2
D CC VC BB3BB4BB5 BB6 BB7 BB8 BBY BB1O0 BBIl BBI2
E CC VC TC3TC4TC5 TC6 TC7 TC8 TC9 TCI0 TCll TC12
F CC VC BC3BC4BC5 BC6 BC7 BC8 BC9 BCI10 BCIl BCI2
G CC VC TD3TD4TD5 TD6 TD7 TD8 TD9 TD10 TD1l TD12
H CC VC BD3BDABD5 BD6 BD7 BD8 BD9 BD10 BD1l B D12

Cl




$ISEF6&& &

1 2 3 4 5 6 7 8 9 10 11 12
CC VC TE3TE4 TE5 TE6 TE7 TE8 TE9 TE10 TE1l TEI12
CC VC BE3 BE4 BE5 BE6 BE7 BE8 BE9 BE10 BE1l BE12
CC VC TF3 TF4A TF5 TF6 TF7 TF8 TF9 TF10 TF11 TF12
CC VC BF3SBF4 BF5 BF6 BF7 BF8 BF9 BF10 BF11 BF12
CC VC TG3TG4TGS5 TG6 TG7 TG8 TGY9 TG10 TG11 TG12
CC VC BG3BG4BG5 BG6 BG7 BG8 BGY9 BG10 BG11 B G12
CC VC TH3 TH4 THS5 TH6 TH7 TH8 TH9 TH10 TH11 TH12
CC VC BH3BH4BH5 BH6 BH7 BH8 BH9 BH10 BH1l B H12

I O Mmoo w>

A.3.2 Protocol

= ' &
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Appendix B: MATLAB Code

B.1 HIV Transport and Neutralization Model

B.1.1 Papacode.m

% PapaCode.m

% Created by Anthony Geonnotti

% Last modified: March 16, 2008

% Papacode.m is just the main m.file to run all the
% It allows you to run the model several times with
% of potency (Kd) and Diffusion coefficients.

% Solutions are saved internally within each model
% All constants used are input into a separate cons
% track6lconstants.m

% Since all constants are non-dimensionlized (MATLA
% small concentration values) you need to adjust th
% within each model m.file if you adjust Kd, D, or
% for doing this are within the m-file.

%

% START PROGRAM

%

clear all ;close all ; %initialize and clear
%set global varables
%ithis allows variables to be used between all funct

global Dvs Dmg Dms Dvg Cmo Cvo LB L Kd kgel

HIV model solvers

different inputs

(Track61HIVX.m)

tant m.file,

B hates really

e time vector

Cm. Instructions

ions



disp( 'code running.....please wait' ) % output to user

track6lconstants % calls m.file with constants

Kd=1le-7 % sets kd (potency) value for the next evaluation
Dvg(1)=Dvs; % adjust D values

Dmg(1)=Dms;

Track61HIV %run model code

disp( 'code finished.....thank you for using MATLAB'
clear all

track6lconstants

Dvg(1)=Dvs;

Kd=1e-9

Dmg(1)=Dms;

Track61HIV2

clear all
track6lconstants
Dvg(1)=Dvs;
Kd=1le-11
Dmg(1)=Dms;

Track61HIV3

clear all
track6lconstants
Dvg(1)=Dvs;
Kd=1e-13
Dmg(1)=Dms;

Track61HIV4
=D



disp( ‘'all done' )

%What they all mean
% Cmol = 1le-9

% Cmo2 = 10e-9

% Cmo3 = 100e-9

% Cmo4 = 1000e-9
% Dvgl = 5*Dvs

% Dvg2 = Dvs

% Dvg3 = 0.1Dvs

% Dvg4=0.01Dvs

B.1.2 track6lconstants.m

%track61constants

% created by Anthony Geonnotti

% Last modified: March 16, 2008

clear all

%Here is the listing of all variables used in the ¢

%of the diffusion of HIV through a gel layer
%%%%%%%%%Variables needed to calculate mesh size%%%
global D Vf A part Do Rgp Rs Pepi Cmo Dvs Dmg Dms Dvg LB

%0%%%%%%%Variables needed to calculate Diffusion Coe

Rs = 70e-7; %70nm radius HIV particle
Rgp = 7e-7; %7nm radius gp120;
k =1.3807e-16; %Bolzman constant in cgs

=Dl

alculation

%%%%%%% %%

L Kd

ff%%%%%%%% %% %%



T = 310; %Temperature in Kelvin

eta = 0.05; %Viscosity of semen in Poise

Pepi = 1e-6; %Permeability Coeff in cm/s

Rmicrol0 = le-7; %210 Angstrom small microbicide
Rmicro25 = 2.5e-7; %25 Angstrom radius protein microbicide
Do = (k*T)/(6*pi*eta*Rs); %Viral diffusion constant in semen

p = 55/25; %major axis/minor axis for CV-N

% Calculate diffusion coefficients of particles

Dmicrol0 = (k*T)/(6*pi*eta*Rmicro10);

Dmicro25 = (k*T)/((6*pi*eta*2.5e-7*(p"2-1)".5)/
(p*(1/3)*log(p+(p"2-1)".5)));

%%%%%%%%%%%%%%%%O0ther Variables%%%%%%%%%%%8%8%0% %% %% %%

Vi=1.5; %%%total fluid volume in ML

A=50; %%total gel/fluid surface area in CM

part = 1, %%part coefficient gel/fluid

B R e

%%%%----concentrations and matrices

Cvo = 1e6/6.02e23*1000; %Concentration of HIV in Semen (Molar)
Cmo = (1000e-9); %concentration of microbicide (Molar)

Kd = le-9;

% Kd=0;

Dvs =Do; %Viral Stokes Diffusion Coeff

Dms = Dmicro25 ; %Microbicide Stokes Diffusion Coeff

lengthscale = ones(12,1);
L = 100e-4; %length of compartment(cm)(100microns)

LB = lengthscale*L;



Dvg = [0.01*Dvs*ones(6,1);Dvs*ones(6,1)];

%Microbicide Diffusion in Gel

Dmg =[0.1;1;0.1;1;0.1;1;0.1;1;0.1;1;0.1;1]*Dms;

i=1;

ksemen = (2*pi*6.02e23*(Dms+Dvs)*Rgp”2)/(10*1000*Rs
kgel = (2*pi*6.02e23*(Dmg(i)+Dvg(i))*Rgp”2)/(10*100
%forward rate constants in semen(s) and gel(g)

kfs = (2*pi*6.02e23*(Dms+Dvs)*(Rgp”2))/(10*1000*Rs)
kfg = (2*pi*6.02e23*(Dmg+Dvg)*(Rgp”2))/(10*1000*Rs)
% bigconstsemen = kfs*Cmo(1)*L"2./Dvg

% bigconstgel = kfg.*Cmo(1).*L"2./Dvg

B.1.3 Track61HIV.m

%Track61HIV
% Created by Anthony Geonnotti

% Last modified , March 16, 2008

% This is the solver code

% It tracks the transport and neutralization of HIV

% layer. To do this, it accounts for 61 interconver

% HIV in two different compartment. Each of the 60
% account for virus with a different number of micr

% bound ...0 bound, 1 bound, 2 bound .... etc

% The equations are solved simulataneously and are
% The concentration of one virus population is used
% liklihood that that virus will convert into the n

% population.
=Dl

%Viral Diffusion in Gel

0*Rs)

in a microbicide
ting populations of
populations of HIV

obicide molecules

interdependent.
to calculate the

ext, or previous



% This code will take approximately 15-20 minutes t
% machine

%Must run this code through Papacode.m to ensure al
%loaded.

function  Track61HIV

% global Dvs Dmg Dms Dvg Cmo Cvo LB Rgp Rs i
global Dvgi

%

m = 0; %geometry of pde solver set to slab
% x vector is designed to have maximum number of po
% interfaces and less points where gradual changes
% result precision while minimizing solver time.
x = [linspace(-1,-.2, 35) linspace(-.19,-.001,20)

0 linspace(.001,.19,10) linspace(.2,1,20)] ;
% The time vector is only where timepoints are requ
% The pdepe solver automatically selects its own ti

% output solution times at the inputted t-vector.

%Time is non-dimensional--and so must be changed if
%the variables that were used to non-dimensionalize
%includes kd, D, and Cmo

t = logspace(2,6,50);

%Standard (using values from track61constants) =t
%Kd increase moves 1 left (i.e. t now goes from 1t
%power of 10

%Move 1 right if no hindered diffusion

%Cmo drop moves 1 left every power of 10
=Dt
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| constants are
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%No change on L

%--------- SOLVER LOOP--- e
fix(clock)

sol = zeros(length(t),length(x),62); %set solution vector

sol = pdepe(m,@pdexlpde,@pdexlic,@pdexlbc,x,t); %solver
fix(clock)

save diffsolstandardDfast %save file for later analysis

% - mmmmm——e e
%-------- Equations to be solved-----------=--=-----

% -

function  [c,f,s] = pdex1pde(x,t,u,DuDx)

global Dvs Dmg Dms Dvg Cmo Cvo LB Rgp Rsi L Kd kgel

i=1;

ksemen = (2*pi*6.02e23*(Dms+Dvs)*Rgp”2)/(10*1000*Rs );

kgel = (2*pi*6.02e23*(Dmg(i)+Dvg(i))*Rgp”2)/(10*100 0*Rs);
%-------- first set of equations is virus, second is microbicide

if x<=0 % equations for semen layer

L — Semen Layer -

¢ = ones(62,1); %61 virus conditions, one microbicide

fstart = (Dvg(i)./(L"2*kgel. *Cmo(i)));

f= fstart*[DuDx(1)
DuDx(2)
DuDx(3)
DuDXx(4)

DuDx(5)
=D!



DuDXx(6)

DuDX(7)

DuDXx(8)

DuDx(9)

DuDx(10)
DuDx(11)
DuDx(12)
DuDx(13)
DuDx(14)
DuDx(15)
DuDXx(16)
DuDx(17)
DuDx(18)
DuDx(19)
DuDx(20)
DuDx(21)
DuDx(22)
DuDx(23)
DuDx(24)
DuDx(25)
DuDx(26)
DuDx(27)
DuDx(28)
DuDx(29)
DuDx(30)
DuDx(31)

DuDx(32)



DuDx(33)
DuDx(34)
DuDx(35)
DuDx(36)
DuDx(37)
DuDx(38)
DuDx(39)
DuDx(40)
DuDx(41)
DuDx(42)
DuDx(43)
DuDx(44)
DuDx(45)
DuDx(46)
DuDx(47)
DuDx(48)
DuDx(49)
DuDx(40)
DuDx(51)
DuDx(52)
DuDx(53)
DuDx(54)
DuDx(55)
DuDx(56)
DuDx(57)
DuDx(58)

DuDx(59)

7L



DuDx(60)

DuDx(61)

(Dmg(i)/Dvg(i))

krsemen = ksemen*Kd;
kconst = (krsemen/(kgel*Cmo(i)));

ks = ksemen/kgel;

s = [-60*ks*u(62)*u(1)+kconst*u(2)
60*ks*u(62)*u(1)-1*kconst*u(2)-59*ks*u(62)*u(2)+
59*ks*u(62)*u(2)-2*kconst*u(3)-58*ks*u(62)*u(3)+
58*ks*u(62)*u(3)-3*kconst*u(4)-57*ks*u(62)*u(4)+
57*ks*u(62)*u(4)-4*kconst*u(5)-56*ks*u(62)*u(5)+
56*ks*u(62)*u(5)-5*kconst*u(6)-55*ks*u(62)*u(6)+
55*ks*u(62)*u(6)-6*kconst*u(7)-54*ks*u(62)*u(7)+
54*ks*u(62)*u(7)-7*kconst*u(8)-53*ks*u(62)*u(8)+
53*ks*u(62)*u(8)-8*kconst*u(9)-52*ks*u(62)*u(9)+
52*ks*u(62)*u(9)-9*kconst*u(10)-51*ks*u(62)*u(10
51*ks*u(62)*u(10)-10*kconst*u(11)-50*ks*u(62)*u(
50*ks*u(62)*u(11)-11*kconst*u(12)-49*ks*u(62)*u(
49*ks*u(62)*u(12)-12*kconst*u(13)-48*ks*u(62)*u(
48*ks*u(62)*u(13)-13*kconst*u(14)-47*ks*u(62)*u(
47*ks*u(62)*u(14)-14*kconst*u(15)-46*ks*u(62)*u(
46*ks*u(62)*u(15)-15*kconst*u(16)-45*ks*u(62)*u(
45*ks*u(62)*u(16)-16*kconst*u(17)-44*ks*u(62)*u(

44*ks*u(62)*u(17)-17*kconst*u(18)-43*ks*u(62)*u(

=7=

*DuDx(62)];

2*kconst*u(3)
3*kconst*u(4)
4*kconst*u(5)
5*kconst*u(6)
6*kconst*u(7)
7*kconst*u(8)
8*kconst*u(9)
9*kconst*u(10)
)+10*kconst*u(11)
11)+11*kconst*u(12)
12)+12*kconst*u(13)
13)+13*kconst*u(14)
14)+14*kconst*u(15)
15)+15*kconst*u(16)
16)+16*kconst*u(17)
17)+17*kconst*u(18)

18)+18*kconst*u(19)



43*ks*u(62)*u(18)-18*kconst*u(19)-42*ks*u(62)*u(
42*ks*u(62)*u(19)-19*kconst*u(20)-41*ks*u(62)*u(
41*ks*u(62)*u(20)-20*kconst*u(21)-40*ks*u(62)*u(
40*ks*u(62)*u(21)-21*kconst*u(22)-39*ks*u(62)*u(
39*ks*u(62)*u(22)-22*kconst*u(23)-38*ks*u(62)*u(
38*ks*u(62)*u(23)-23*kconst*u(24)-37*ks*u(62)*u(
37*ks*u(62)*u(24)-24*kconst*u(25)-36*ks*u(62)*u(
36*ks*u(62)*u(25)-25*kconst*u(26)-35*ks*u(62)*u(
35*ks*u(62)*u(26)-26*kconst*u(27)-34*ks*u(62)*u(
34*ks*u(62)*u(27)-27*kconst*u(28)-33*ks*u(62)*u(
33*ks*u(62)*u(28)-28*kconst*u(29)-32*ks*u(62)*u(
32*ks*u(62)*u(29)-29*kconst*u(30)-31*ks*u(62)*u(
31*ks*u(62)*u(30)-30*kconst*u(31)-30*ks*u(62)*u(
30*ks*u(62)*u(31)-31*kconst*u(32)-29*ks*u(62)*u(
29*ks*u(62)*u(32)-32*kconst*u(33)-28*ks*u(62)*u(
28*ks*u(62)*u(33)-33*kconst*u(34)-27*ks*u(62)*u(
27*ks*u(62)*u(34)-34*kconst*u(35)-26*ks*u(62)*u(
26*ks*u(62)*u(35)-35*kconst*u(36)-25*ks*u(62)*u(
25*ks*u(62)*u(36)-36*kconst*u(37)-24*ks*u(62)*u(
24*ks*u(62)*u(37)-37*kconst*u(38)-23*ks*u(62)*u(
23*ks*u(62)*u(38)-38*kconst*u(39)-22*ks*u(62)*u(
22*ks*u(62)*u(39)-39*kconst*u(40)-21*ks*u(62)*u(
21*ks*u(62)*u(40)-40*kconst*u(41)-20*ks*u(62)*u(
20*ks*u(62)*u(41)-41*kconst*u(42)-19*ks*u(62)*u(
19*ks*u(62)*u(42)-42*kconst*u(43)-18*ks*u(62)*u(
18*ks*u(62)*u(43)-43*kconst*u(44)-17*ks*u(62)*u(

17*ks*u(62)*u(44)-44*kconst*u(45)-16*ks*u(62)*u(

=7¢

19)+19*kconst*u(20)
20)+20*kconst*u(21)
21)+21*kconst*u(22)
22)+22*kconst*u(23)
23)+23*kconst*u(24)
24)+24*kconst*u(25)
25)+25*kconst*u(26)
26)+26*kconst*u(27)
27)+27*kconst*u(28)
28)+28*kconst*u(29)
29)+29*kconst*u(30)
30)+30*kconst*u(31)
31)+31*kconst*u(32)
32)+32*kconst*u(33)
33)+33*kconst*u(34)
34)+34*kconst*u(35)
35)+35*kconst*u(36)
36)+36*kconst*u(37)
37)+37*kconst*u(38)
38)+38*kconst*u(39)
39)+39*kconst*u(40)
40)+40*kconst*u(41)
41)+41*kconst*u(42)
42)+42*kconst*u(43)
43)+43*kconst*u(44)
44)+44*kconst*u(45)

45)+45*kconst*u(46)



16*ks*u(62)*u(45)-45*kconst*u(46)-15*ks*u(62)*u( 46)+46*kconst*u(47)
15*ks*u(62)*u(46)-46*kconst*u(47)-14*ks*u(62)*u( 47)+47*kconst*u(48)
14*ks*u(62)*u(47)-47*kconst*u(48)-13*ks*u(62)*u( 48)+48*kconst*u(49)
13*ks*u(62)*u(48)-48*kconst*u(49)-12*ks*u(62)*u( 49)+49*kconst*u(50)
12*ks*u(62)*u(49)-49*kconst*u(50)-11*ks*u(62)*u( 50)+50*kconst*u(51)
11*ks*u(62)*u(50)-50*kconst*u(51)-10*ks*u(62)*u( 51)+51*kconst*u(52)
10*ks*u(62)*u(51)-51*kconst*u(52)-9*ks*u(62)*u(5 2)+52*kconst*u(53)
9*ks*u(62)*u(52)-52*kconst*u(53)-8*ks*u(62)*u(5 3)+53*kconst*u(54)
8*ks*u(62)*u(53)-53*kconst*u(54)-7*ks*u(62)*u(5 4)+54*kconst*u(55)
7*ks*u(62)*u(54)-54*kconst*u(55)-6*ks*u(62)*u(5 5)+55*kconst*u(56)
6*ks*u(62)*u(55)-55*kconst*u(56)-5*ks*u(62)*u(5 6)+56*kconst*u(57)
5*ks*u(62)*u(56)-56*kconst*u(57)-4*ks*u(62)*u(5 7)+57*kconst*u(58)
4*ks*u(62)*u(57)-57*kconst*u(58)-3*ks*u(62)*u(5 8)+58*kconst*u(59)
3*ks*u(62)*u(58)-58*kconst*u(59)-2*ks*u(62)*u(5 9)+59*kconst*u(60)
2*ks*u(62)*u(59)-59*kconst*u(60)-1*ks*u(62)*u(6 0)+60*kconst*u(61)
1*ks*u(62)*u(60)-60*kconst*u(61)
0l;
else
%------ Microbicide Gel Layer -
¢ = ones(62,1); %61 virus conditions, one microbicide

f = (Dvg(i)/(L"2*kgel*Cmof(i)))*[DuDx(1)
DuDXx(2)
DuDx(3)
DuDXx(4)
DuDx(5)
DuDXx(6)

DuDx(7)

7(



DuDXx(8)

DuDXx(9)

DuDx(10)
DuDx(11)
DuDx(12)
DuDx(13)
DuDx(14)
DuDx(15)
DuDx(16)
DuDx(17)
DuDx(18)
DuDx(19)
DuDx(20)
DuDx(21)
DuDx(22)
DuDx(23)
DuDx(24)
DuDx(25)
DuDX(26)
DuDx(27)
DuDx(28)
DuDx(29)
DuDx(30)
DuDx(31)
DuDx(32)
DuDx(33)

DuDx(34)

7L



DuDx(35)
DuDx(36)
DuDx(37)
DuDx(38)
DuDx(39)
DuDx(40)
DuDx(41)
DuDx(42)
DuDx(43)
DuDx(44)
DuDx(45)
DuDx(46)
DuDx(47)
DuDx(48)
DuDx(49)
DuDx(40)
DuDx(51)
DuDx(52)
DuDx(53)
DuDx(54)
DuDx(55)
DuDx(56)
DuDx(57)
DuDx(58)
DuDx(59)
DuDx(60)

DuDx(61)



TF

(Dmg(i)/Dvg(i)) *DuDx(62)];

krgel = kgel*Kd ;

kconst = (krgel/(kgel*Cmao(i)));

s = [-60*u(62)*u(1)+kconst*u(2)
60*u(62)*u(1)-1*kconst*u(2)-59*u(62)*u(2)+2 *kconst*u(3)
59*u(62)*u(2)-2*kconst*u(3)-58*u(62)*u(3)+3 *kconst*u(4)
58*u(62)*u(3)-3*kconst*u(4)-57*u(62)*u(4)+4 *kconst*u(5)
57*u(62)*u(4)-4*kconst*u(5)-56*u(62)*u(5)+5 *kconst*u(6)
56*u(62)*u(5)-5*kconst*u(6)-55*u(62)*u(6)+6 *kconst*u(7)
55*u(62)*u(6)-6*kconst*u(7)-54*u(62)*u(7)+7 *kconst*u(8)
54*u(62)*u(7)-7*kconst*u(8)-53*u(62)*u(8)+8 *kconst*u(9)
53*u(62)*u(8)-8*kconst*u(9)-52*u(62)*u(9)+9 *kconst*u(10)
52*u(62)*u(9)-9*kconst*u(10)-51*u(62)*u(10) +10*kconst*u(11)
51*u(62)*u(10)-10*kconst*u(11)-50*u(62)*u(1 1)+11*kconst*u(12)
50*u(62)*u(11)-11*kconst*u(12)-49*u(62)*u(1 2)+12*kconst*u(13)
49*u(62)*u(12)-12*kconst*u(13)-48*u(62)*u(1 3)+13*kconst*u(14)
48*u(62)*u(13)-13*kconst*u(14)-47*u(62)*u(1 4)+14*kconst*u(15)
47*u(62)*u(14)-14*kconst*u(15)-46*u(62)*u(1 5)+15*kconst*u(16)
46*u(62)*u(15)-15*kconst*u(16)-45*u(62)*u(1 6)+16*kconst*u(17)
45*u(62)*u(16)-16*kconst*u(17)-44*u(62)*u(1 7)+17*kconst*u(18)
44*u(62)*u(17)-17*kconst*u(18)-43*u(62)*u(1 8)+18*kconst*u(19)
43*u(62)*u(18)-18*kconst*u(19)-42*u(62)*u(1 9)+19*kconst*u(20)
42*u(62)*u(19)-19*kconst*u(20)-41*u(62)*u(2 0)+20*kconst*u(21)
41*u(62)*u(20)-20*kconst*u(21)-40*u(62)*u(2 1)+21*kconst*u(22)



40*u(62)*u(21)-21*kconst*u(22)-39*u(62)*u(2
39*u(62)*u(22)-22*kconst*u(23)-38*u(62)*u(2
38*u(62)*u(23)-23*kconst*u(24)-37*u(62)*u(2
37*u(62)*u(24)-24*kconst*u(25)-36*u(62)*u(2
36*u(62)*u(25)-25*kconst*u(26)-35*u(62)*u(2
35*u(62)*u(26)-26*kconst*u(27)-34*u(62)*u(2
34*u(62)*u(27)-27*kconst*u(28)-33*u(62)*u(2
33*u(62)*u(28)-28*kconst*u(29)-32*u(62)*u(2
32*u(62)*u(29)-29*kconst*u(30)-31*u(62)*u(3
31*u(62)*u(30)-30*kconst*u(31)-30*u(62)*u(3
30*u(62)*u(31)-31*kconst*u(32)-29*u(62)*u(3
29*u(62)*u(32)-32*kconst*u(33)-28*u(62)*u(3
28*u(62)*u(33)-33*kconst*u(34)-27*u(62)*u(3
27*u(62)*u(34)-34*kconst*u(35)-26*u(62)*u(3
26*u(62)*u(35)-35*kconst*u(36)-25*u(62)*u(3
25*u(62)*u(36)-36*kconst*u(37)-24*u(62)*u(3
24*u(62)*u(37)-37*kconst*u(38)-23*u(62)*u(3
23*u(62)*u(38)-38*kconst*u(39)-22*u(62)*u(3
22*u(62)*u(39)-39*kconst*u(40)-21*u(62)*u(4
21*u(62)*u(40)-40*kconst*u(41)-20*u(62)*u(4
20*u(62)*u(41)-41*kconst*u(42)-19*u(62)*u(4
19*u(62)*u(42)-42*kconst*u(43)-18*u(62)*u(4
18*u(62)*u(43)-43*kconst*u(44)-17*u(62)*u(4
17*u(62)*u(44)-44*kconst*u(45)-16*u(62)*u(4
16*u(62)*u(45)-45*kconst*u(46)-15*u(62)*u(4
15*u(62)*u(46)-46*kconst*u(47)-14*u(62)*u(4

14*u(62)*u(47)-47*kconst*u(48)-13*u(62)*u(4

7€

2)+22*kconst*u(23)
3)+23*kconst*u(24)
4)+24*kconst*u(25)
5)+25*kconst*u(26)
6)+26*kconst*u(27)
7)+27*kconst*u(28)
8)+28*kconst*u(29)
9)+29*kconst*u(30)
0)+30*kconst*u(31)
1)+31*kconst*u(32)
2)+32*kconst*u(33)
3)+33*kconst*u(34)
4)+34*kconst*u(35)
5)+35*kconst*u(36)
6)+36*kconst*u(37)
7)+37*kconst*u(38)
8)+38*kconst*u(39)
9)+39*kconst*u(40)
0)+40*kconst*u(41)
1)+41*kconst*u(42)
2)+42*kconst*u(43)
3)+43*kconst*u(44)
4)+44*kconst*u(45)
5)+45*kconst*u(46)
6)+46*kconst*u(47)
7)+47*kconst*u(48)

8)+48*kconst*u(49)



13*u(62)*u(48)-48*kconst*u(49)-12*u(62)*u(4
12*u(62)*u(49)-49*kconst*u(50)-11*u(62)*u(5
11*u(62)*u(50)-50*kconst*u(51)-10*u(62)*u(5
10*u(62)*u(51)-51*kconst*u(52)-9*u(62)*u(52
9*u(62)*u(52)-52*kconst*u(53)-8*u(62)*u(53
8*u(62)*u(53)-53*kconst*u(54)-7*u(62)*u(54
7*u(62)*u(54)-54*kconst*u(55)-6*u(62)*u(55
6*u(62)*u(55)-55*kconst*u(56)-5*u(62)*u(56
5*u(62)*u(56)-56*kconst*u(57)-4*u(62)*u(57
4*u(62)*u(57)-57*kconst*u(58)-3*u(62)*u(58
3*u(62)*u(58)-58*kconst*u(59)-2*u(62)*u(59
2*u(62)*u(59)-59*kconst*u(60)-1*u(62)*u(60
1*u(62)*u(60)-60*kconst*u(61)

0l;

9)+49*kconst*u(50)
0)+50*kconst*u(51)
1)+51*kconst*u(52)
)+52*kconst*u(53)
)+53*kconst*u(54)
)+54*kconst*u(55)
)+55*kconst*u(56)
)+56*kconst*u(57)
)+57*kconst*u(58)
)+58*kconst*u(59)
)+59*kconst*u(60)

)+60*kconst*u(61)

end

%------ Initial Conditions
function  u0 = pdexlic(x)
initial = zeros(61,1);

if x<=0

u0 = [1;initial] ;

else
u0 = [initial;1];

end

%lIntial virus has nothing bound --

%no microbicide

%No Virus, All microbicide in Gel



S — Boundary conditions

function  [pl,ql,pr,qr] = pdex1bc(xl,ul,xr,ur,t1)
global Pepi LB Dvg Dmg i L kgel Cmo

i=1;

initial = zeros(61,1);

zro = zeros(62,1);

ons = ones(62,1);

onsinit = ones(61,1);

pl = [zro]; %No flux boundary condition for bo th Virus
gl = [ons]; %and microbicide on left boundary
pr = [initial;Pepi*LB(i)/Dmg(i)*ur(62)]; %No flux boundary for virus,

%Permeability coeff const flux for microbic

gr = [onsinit;(L"2*kgel*Cmo(i))/Dmg(i)];

B.1.4 pptplots.m

%pptplots

%Created by Anthony Geonnotti

%Last modified March 16, 2008

% This m.file just provides a brief example of how to plot results of

% the outputs from Track61HIV.m

close all

track61constants %need to load constants again
load diffsolstandardDfast %Iload in MAT file of choice
% Kd=1e-7

% Cmo=10e-9
Dvg(1)=Dvs;

Dmg(1)=Dms;
=7E



vwl = [55 70]; %good 3d angle
vw2=[90 90]; %good overhead angle
i=1;

kgel =(2*pi*6.02e23*(Dmg(i)+Dvg(i))*Rgp”2)/(10*1000

%find infectious virus -- first 50 are still infect
%less than 50 CV-N bound)

totalconclV = 0;

for i=1:50

totalconclV = totalconclV + sol(:,:,i);

end

%find neutralized virus (Virus with >50 CV-N bound)
totalconcNV = 0;

for i=51:61

totalconcNV = totalconcNV + sol(:,:,i);

end

%make plot dimensional

xreal = X*L*10"4;

treal = t/(kgel*Cmo);

%plot figures

figure(1)

surf(xreal,treal,totalconclV(;,:))

set(gca, 'Yscale' ,'log" , 'Fontsize' ,14)

caxis([0 1])

=F¢

*Rs);

ious. (they have



view(vw1l)
axis tight

% title('Standard Conditions')

xlabel(  'Microns' , 'Fontsize' ,30)
ylabel( 'Seconds' , ‘fontsize' ,30)
zlabel( 'Concentration' , 'fontsize'
hold on

% shading faceted
shading flat
% colormap(winter)

colormap(jet)

figure(2)

surf(xreal treal,totalconclV(:,:))

set(gca, 'Yscale' ,'log" , 'Fontsize'

caxis([0 1])
colorbar
view(vw2)
axis tight

% title('Standard Conditions')

xlabel(  'Microns' , 'Fontsize' ,18)
ylabel( 'Seconds' , ‘fontsize' ,18)
zlabel( 'Concentration’ , 'fontsize'
hold on

% shading faceted
shading flat

% colormap(winter)

20)

14)

14)



colormap(jet)

%PIlot microbicide concentraions

figure(3)

surf(xreal treal,sol(:,:,62))
set(gca, 'Yscale' , 'log'
caxis([0 1])

colorbar

view(vw1l)

axis tight

% title('Standard Conditions")

, 'Fontsize'

xlabel( 'Microns' , 'Fontsize' ,18)

ylabel( 'Seconds' , 'fontsize’ ,18)

zlabel( 'Concentration’
hold on
% shading faceted

shading flat

figure(4)
surf(xreal,treal,sol(:,:,62))
set(gca, 'Yscale' , 'log'
caxis([0 1])

colorbar

view(vw2)

axis tight

% title('Standard Conditions')

, 'fontsize'

, 'Fontsize'

14)

14)

18)

,
=<



xlabel( 'Microns' , 'Fontsize' ,18)

ylabel( 'Seconds' , 'fontsize’ ,18)
zlabel( 'Concentration' , 'fontsize' ,14)
hold on

% shading faceted
shading flat

colormap(cool)

B.2 Code to Analyze Scanned Images of Particle Diff

B.2.1 ScanAnalyzeAll.m

% ScanAnalyzeAll.m
% created by Anthony Geonnotti
% last modified: February 21, 2008

% This is the master program to analyze scanned ima ges

% from the Genepix Scanner and output diffusion coe fficients

% requires MATLAB + Image Processing Toolbox
% necessary sub-m.files (in order of appearance)
% questions.m

% displayall.m

% Xcorrelation.m

% regioncrop.m

% trimintensityvector.m

% avgcontrols.m

% pdediff.m

% pdediffcalc.m

% rsquare.m

=F(

usion.



% PDEresultsplot.m

% All images must be stored in same local folder as m.files. Images to
% process must be labeled in sequential numbers fro m 1,(0001.tif,

% 0002.tif,etc). Background image is labeled bg.tif . Positive controls
% (pbg.tif, p1.tif, p2.tif...), Negative(nbg.tif, n 1.tif, n2.tif....)

% To use postive/negative control images, # of posi tive/negative

% controls must be greater than or equal to the num ber of images to

% process.

clear all ;close all ;home %reset MATLAB variables
fig =1, %initialize figure counter
parameter = struct([]); %opens a structure variable
%% Import image names from image folder

%get necessary inputs from user and get image names
[parameter] = questions(parameter);

%% Import background image

checkbg = input( 'is there a background image? (y/n): " , s
if checkbg== 'y
bg_info = imfinfo( 'bg.tif' ); %outputs number of layers in image
% TIFF files can be saved by the scanner as multila yer images
% the program wants the last image in the stack -- it is the most
% recent

[nada, layerdepth_bg] = size(bg_info);

bg_image = imread( 'bg.tif' Jlayerdepth_bg); %imports top BG image
else
bg_image = 0; % if there is no BG image, 0 is entered so that

% all the image subtraction can still occur.
=FI



end

%% Set up vectors that will be populated during the analysis process.
time = zeros(parameter(1).num_image,1);

max_intensity = zeros(parameter(1).num_image,1);

min_intensity= zeros(parameter(1).num_image,1);

rsq = zeros(parameter(1).num_image,1) ;

offset = zeros(parameter(1).num_image,2);

%% Import and evaluate images one at a time

displayall %figure out the subplot size for plotting

% For the program to run correctly, it must correct for any

% image-to-image translational shift due to slide p lacement within the
% scanner. This is accomplished by using the patter n formed by the

% fibrous spacer that forms the diffusion chamber. The pattern on the

% background scan is compared to the pattern on eac h image scan using
% a MATLAB cross-correlation algorithm. Images are shifted accordingly

% to match with the background image.

% Display background image and determine if the fib rous spacer
% is visible in the upper left hand corner.
imagesc(bg_image)

askcorrelation=input( 'does image have spacer on left corner? ' , 'S

% Image processing

=F



for i=1l:parameter(1l).num_image % set up loop to cycle through images

% get info to ensure using the right image layer
image_info = imfinfo(parameter(i).im_name);
[nada, layerdepth] = size(image_info);

%read in image as TIF

imageX = imread(parameter(i).im_name,layerdepth

% run cross-correlation to register image on backgr
% slide position did not change in scanner

if askcorrelation == y'
%run correlation and ensure images all overlay on b
[imageX, offset(i,:)] = Xcorrelation(imageX
end
% subtracts background image from now registered im

imageX = imsubtract(imageX,bg_image);

ound and ensure

ackground

,bg_image);

age

%%9%%%%%%%%%%%%%% %% FIRST IMAGE ONLY %%% %% %%%%%%%%%%%%

% For first image -- need to get crop box for analy
% a user-selected region on which the program will

% values for the diffusion coefficient analysis.

sis -- this is

take intensity

if i== % first image
figure(1); imagesc(imageX) %show first image
title( 'initial background subtracted but unfiltered image ")

% image will most likely have salt-and-pepper noise
% Ask if user wants to use a median filter to remov

askfilter = input

=FF

e it.



( 'do you want to apply a 5x5 median filter? (y/n): '

if askfilter == y
filtersize = [5 5];
testfilter = medfilt2(imageXfiltersize
figure(2); imagesc(testfilter); title(
%find max intensity of uncaged fluorphor; set to im
[cscale] = imagescale(testfilter); caxi
title( 'Filtered image with intensity scaling’
%find crop boxes to calculate diffusion
%this also calcuates the time shift due to location
%crop box and scan duration
[rect,timeshift]=regioncrop(testfilter,
else filtersize =[0 0];
[cscale] = imagescale(imageX); caxis(cs
title( 'Filtered image with intensity scaling’
%find crop boxes to calculate diffusion
%this also calcuates the time shift due to location
%crop box and scan duration
[rect, timeshift] = regioncrop(imageX,p
end

end

%%09%%%%%%% %% %% %% % %% %% % %% %% %% % %% %% % %09

% Following applies to all images -- uses inputs fr
% and applies to all
%crop image using crop box

cropX =imageX

(rect(2):(rect(2)+rect(4)-1),rect(1):(rect(

);  %median filter

'Filtered Image' )
age max
s(cscale)
)
of

parameter,cscale);

cale)

of

arameter, cscale);

om first image

1)+rect(3)-1));



% filter cropped image (entire image is not filtere
% computationally intensive)
if askfilter== y'
cropX = medfilt2(cropX, filtersize);
end
%displays all full images
figure(5)
subplot(subplotrow,subplotcol,i)
imagesc(imageX)
caxis(cscale)
axis equal tight

title(parameter(i).im_name)

% displays all cropped images
figure(6)
subplot(subplotrow,subplotcol,i)
imagesc(cropX)
caxis(cscale)
axis square tight

title(parameter(i).im_name)

% Obtain intensity profile from cropped images

d because it is

cropX = double(cropX);

avgcropX(i,:) = mean(cropX);

%sets crop to double so "gradient" works

%averages cropped image along y-axis

=F¢



%the filtering messes up the end points on each sid

%of each side of the intensity profile are removed
avgintens(i,:) = avgcropX(i,(11:end-10));
max_intensity(i) = max(avgintens(i,:));
min_intensity(i) = min(avgintens(i,:));
avgintens(i,:) = avgintens(i,:)-min_intensity(i

% set the first max to 1 and normalize others to fi
avgintens(i,:) = avgintens(i,:)/(max_intensity(

min_intensity(i));

%Save time vector
time(i)=parameter(i).time_sec+timeshift;

end

%% Cut intensity vector to include only necessary p
% Gets rid of excess zeros at the ends of the inten
% helps the curve fitting because then the R"2 valu
% the zeros and focus only on the diffusion curves.
% find total length of diffusion

[avgintens, peakleftedge, peakrightedge, initialwid

trimintensityvector(avgintens);

%% Find average values for positive and negative co

[pcontrolmean,ncontrolmean,pimage,nimage]=avgcontro

%% set x vector

%pixel size (in microns) from user via GENEPIX

e so 10 points

%finds max of image
%finds min of image
);  %set floorto 0
rst intensity

1)-

oints
sity vectors. This
es do not factor in

also gets info to

th, endwidth] =

ntrols

Is(parameter,rect);



pixel = parameter(1).pixelsize;

%makes xvector (5um resolution per pixel)
x = (0:pixel:(length(avgintens)-1)*pixel)

X = X - median(x); %set x symmetric around 0
%% Try PDE solution
shifttime = time - time(1); %set first image as time=0;
%9%%%%%%%%%%%%

pdeD = 300; %guess initial value of D(um”2/sec).
%9%%6%6%%%%%%%
%PDE options
options = optimset( Tolx' ,1e-3, 'MaxFunEvals' , 2000,
%"shorten" reduces the # of data points so the solv

% it uses less points on the intensity profile to g

shorten = round(linspace(1,length(x),round(length(x

disp( ‘'analyzing...' )

%uses fminsearch -- MATLAB core program

%heres how this works. The program generates a set
%the equation in pdediff, the x,y,and t vectors, an
%of pdeD that was specified. It then compares the g
%curves to the actual intensity profiles by compari
%square of the residuals. The program then changes
%error is minimized. All images are fit simultaneou
%is the number that best fits ALL the intensity pro

[pdeD,fval,exitflag,output] = fminsearch(@pdediff,p
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x(shorten),avgintens(1:end,(shorten)),shifttime (1:end));

disp( 'done' )

%plot the final solution with the found D

[sol]=pdediffcalc(pdeD,x,avgintens(1:end,:),shiftti me(1:end));

pdeD = pdeD*1e-8; % converts from um”2/sec to cm”2/sec

%% Find R-squared values for diffusion fit
for i=1:length(shifttime)
rsq(i) = rsquare(sol(i,:),avgintens(i,:));
end
%%
PDEresultsplot % m file that plots all results and asks if

% user wants to print

B.2.2 questions.m

% questions.m
% created by Anthony Geonnotti
% last modified: February 21, 2008

% questions.m prompts the user for inputs critical to run the program.

function  [parameter]=questions(parameter)
parameter(1).exp_name = input( 'please input experiment label: ' ,'s' ),

parameter.num_image =



input( 'now many images? (NOT including background): ' );
imagelist = dir; %gets listing of all files in directory
for i=1l:parameter.num_image %Creates a parameter with image names
parameter(i).im_name = imagelist(i+2).name;

%starts at imagelist(3)because the 1st and 2nd entr ies are . and

end

% User inputs......

parameter(1).pixelsize = input( 'please input pixel size: ' );
parameter(1).sol_name = input( 'please input solution name: ' , s
parameter(1).particle = input( 'what type of particle? ,'s' ),
parameter(1).gel = input( 'what type of gel? ' , s
parameter(1).bleach = input( 'now long was UV bleach (sec): ' );
parameter(1).scantime = input( 'now long was scan time?: ' );

home %resets screen for user

% following for loop asks the user for the recorded times of each image

for i=1:parameter(1).num_image
parameter(i).time_sec =input([
'please input start scan time (in seconds) of image R
num2str(i), D
tvector(i) = parameter(i).time_sec;
end
% user check to see if times are right

tvector

~
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timeright = input( ‘are the displayed times correct? (y/n):'

% loop until times are correct

while timeright == n'
wrongtime = input( '‘which number is wrong? ' );
righttime = input( 'please input the correct time? ' );

parameter(wrongtime).time_sec = righttime;

tvector(wrongtime) = righttime;

tvector'

timeright = input( 'are times correct now? (y/n) ' ,'s' ),

end

% Determine if positive and negative controls exist

% Program will run either way, as long as has the ¢ orrect input
parameter(1).pcontrol = input( 'is there a positive control? (y/n):
LS,
parameter(1).ncontrol = input( 'is there a negative control? (y/n):

st )
end

B.2.3 displayall.m

% displayall.m
% created by Anthony Geonnotti

% last modified: February 21, 2008

% Displays all images to be processed by ScanAnalyz eAll.m
% Figures out the total number of images (up to 16 images)
% Then sets the subplot parameters to fit all those images.
) S— START PROGRAM---------nnnnnx

g



if parameter(1).num_image<4 %for 1-3 images

subplotrow = 1; subplotcol = 3;

elseif  parameter(1).num_image<7 %4-6 images

subplotrow = 2; subplotcol = 3;

elseif ~ parameter(1).num_image<10 %7-9 images

subplotrow = 3; subplotcol = 3;

elseif  parameter(1).num_image<13 %10-12 images

subplotrow = 3; subplotcol = 4;

elseif  parameter(1).num_image<=16 %13-16 images

subplotrow = 4; subplotcol = 4;

end

B.2.4 Xcorrelation.m

% Xcorrelation.m

% created by Anthony Geonnotti

% last modified: February 21, 2008

% Make sure that all images are registered to the s
% background.

function  [l, offset] = Xcorrelation(l,bg)

%% Do cross correlation -- run test image over back
% make test image smaller than background

% crop both to make code run faster

% just use top left corner

[r,c] = size(l); % gets size of image
Icrop = [(10:round(r/4) , 10:round(c/4));

bgsmall = bg(1:round(r/3),1:round(c/3));

8L
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%% 2Dcorrelation

C = normxcorr2(lcrop, bgsmall);

%% Display cross-correlation matrix

% surf(C), shading flat;

%% Find max of cross correlation matrix and find wh ere both images

%% overlay

% returns peak and index of max of correlation

[max_C,imax] = max(abs(C(:)));

%takes matrix index number of max and converts to x /ly coordinates
[ypeak,xpeak] = ind2sub(size(C),imax(1));

%finds the amount the images are actually offset

corr_offset=[(xpeak-size(Icrop,2)) (ypeak-size(lcro p.)I;
%amount images are supposed to be offset based on t he crop boxes
rect_offset = [(1-10) (1-10)];

% finds the true offset

offset = corr_offset+rect_offset;

xoffset = offset(1);

yoffset = offset(2);

%% fix issues and create new image

[r,c] = size(l);

%if xoffset is negative (images is shifted left fro m background) add

=81



%pxoffset*column of zeros to left side of image and
%xoffset*columns from right
if xoffset<0

| = [zeros(r,abs(xoffset)), I(;, 1:end-abs(xoff

end

%if xoffset is postive (image is shifted right from
%one column of zeros to right side of image and del
Y%left
if xoffset>0

I = [I(:,1+abs(xoffset):end), zeros(r, abs(xoff

end

%if yoffset is negative (image is shifted down from

%add one row of zeros to bottom of image and delete

if yoffset<0
| = [I(1+abs(yoffset):end, :); zeros(abs(yoffse

end

%if yoffset is postive (image is shifted up from ba
%add one row of zeros to top of image and delete fr
if yoffset>0

| = [zeros(abs(yoffset),c); I(1:end-abs(yoffset

end
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B.2.5 regioncrop.m

% regioncrop.m

% created by Anthony Geonnotti

% last modified February 21, 2008

% program creates a crop box and modifies image tim
% true time of analysis. This time shift is due the

% start time of the image is recorded, but the crop

% in the middle of the image, and therefore was mea

e to reflect the
fact that the
ped region may be

sured some time

% later. Total scan times usually are between 30-60 seconds.
% ---mmmmmmmmme- START PROGRAM -------------
function  [rect, timeshift] = regioncrop(image, parameter, ¢ scale)
%get crop box
ji= 'n" %initialize switch variable
home
while j== 'n'
disp( 'please select crop region using the mouse' )
rect = getrect(figure(2)); %gets rectangle from mouse
rect = round(rect); %rounds because mouse gives decimal location

%crop image to newly specified values
crop = image(rect(2):(rect(2)+rect(4)-1),

rect(1):(rect(1)+rect(3)-1));

figure(3);
imagesc(crop) %plot new image
title( 'cropped image' )



axis equal tight
%check with user -- break loop if y
j = input( 'is this ok? (y/n):"

end

%(display first crop box on image
figure(4)

title(  'Filtered image with first crop box'
hold on

%first crop box

plot(rect(1):(rect(1)+rect(3)), rect(2),

plot(rect(1):(rect(1)+rect(3)), (rect(2)+rect(4)),

plot(rect(1), rect(2):(rect(2)+rect(4)),

plot((rect(1)+rect(3)), rect(2):(rect(2)+rect(4)),

%change scaling so image is clearer

caxis(cscale)

%figure out time shift due to crop box location and

[imageheight,imagewidth] = size(image);

cropmidline = rect(2)+rect(4)/2;

%take proportion of image that is midline -- propor

%scan adds to actual time.

timeshift = round(parameter(1).scantime*(cropmidlin

8¢

scan duration

tion of time

el/imageheight));



B.2.6 trimintensityvector.m

% trimintensityvector.m

% created by Anthony Geonnotti

% last modified February 21, 2008

% cuts the diffusion intensity profiles to remove e

% zeros at the edges. Increases the fidelity of the

function  [avgintens,peakleftedge,peakrightedge,initialwidth

endwidth] = trimintensityvector(avgintens)

%gets the max and index(l) of the final intensity v

[maxlast, I] = max(avgintens(end,:));

% find the index (F) of all intensity values that a
% cutoff(0.05)

[F] = find(avgintens(end,:)< 0.05);

% There should be a long string of indices, then a
% values are larger than 0.05, then another long st
% The gap in F should be where all the diffusion da
[gapsizeF,gapstartF] = max(diff(F));

%correlate that to the intensity profile and cut th
%profile to include 50 points after the minimum is

%check if 50 points exists first

%this is the index of avgintens where the peak star

peakleftedge = F(gapstartF);
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%the next values of F which should be the other sid

peakrightedge = F(gapstartF+1);

%make sure there are 50 points to the left of the c
if peakleftedge >= 50
if (length(avgintens)-peakrightedge)>=50
%cut out the peak of the intensity profile and incl
%zero level on each side
avgintens = avgintens(:, (peakleftedge-50):(pea
disp( '‘Both sides of intensity vector trimmed'
else

avgintens = avgintens(:, peakleftedge-50:end

disp( 'Only left side of intensity vector trimmed'

end
else
if (length(avgintens)-peakrightedge)>=50

avgintens = avgintens(:, 1:peakrightedge+5

disp( 'Only right side of intensity vector trimmed'
else

disp( 'Intensity vector was not trimmed'
end

end

%find initial width and final width of bleached lin
endwidth = peakrightedge-peakleftedge;

%find initial

e of the peak

ut area

%50 points to the right?

ude 50 points of

krightedge+50));

);  %dont trim right

)

0);



[maxlast, I] = max(avgintens(1,:));

[F] = find(avgintens(1,:)< 0.05);
[gapsizeF,gapstartF] = max(diff(F));

%this is the index of avgintens where the peak star
peakleftedge_init = F(gapstartF);

%next values of F which should be the other side of
peakrightedge_init = F(gapstartF+1);

initialwidth = peakrightedge_init-peakleftedge_init

B.2.7 avgcontrols.m

% avgcontrols.m

% created by Anthony Geonnotti

% last modified: February 21, 2008

% function finds the average values within the imag
% of the postive and negative control images. These
% plotted at the end of the program as a data quali
% control checks that the fluorophor was totally un
% entire chamber was exposed to UV light and there
% gain or loss of intensity over time or with repea

% negative control consists of scans of a chamber u
% light. This control is to ensure that the chamber

% due to time or laser exposure.

function  [pcontrolmean,ncontrolmean,pimage,nimage] =

avgcontrols(parameter,rect)

ts

the peak

e crop box for each
values are then

ty check. Positive
caged when the

is no significant
ted scans. The
nexposed to UV

is not uncaging

if parameter(1).pcontrol == y' %if user previously specified there

%was a positive control
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disp( ‘analyzing positive control.....' )
pbg_info = imfinfo( 'pbg.tif' ); %ensure using correct (last) layer

[nada, layerdepth_pbg] = size(pbg_info);

p_bg = imread( 'pbg.tif' Jlayerdepth_pbg);
for i=1l:parameter(1l).num_image % for each positive control image
p_info = imfinfo([ 'p' ,numa2str(i), " tif' D;
[nada, layerdepth_p] = size(p_info); %check layer of image
pimage = imread([ 'p' ,numa2str(i), " tif' ].layerdepth_p);
pimage = imsubtract(pimage,p_bg); %subtract background

% crop same as diffusion images

cropimage = pimage(rect(2):

(rect(2)+rect(4)-1),rect(1):(rect(1)+re ct(3)-1));
pcontrolmean(i) = mean(mean(cropimage)); %find mean of crop box
% Is not an exact mean, its an average of averages, but it's

% close enough for its purpose
end
else % if user said no positive control

pcontrolmean = zeros(1, parameter(1).num_image)

pimage=0;
end
if parameter(l).ncontrol == y' % repeat positive control protocol
clear image cropimage
disp( ‘analyzing negative control.....' )
nbg_info = imfinfo( 'nbg.tif' );

[nada, layerdepth_nbg] = size(nbg_info);

n_bg = imread( 'nbg.tif' Jlayerdepth_nbg);
=52



for i=1l:parameter(1l).num_image
n_info = imfinfo([ n" ,numa2str(i), " tif' DB
[nada, layerdepth_n] = size(n_info);

nimage = imread([ n' ,numa2str(i), "tif' ],layerdepth_n);
nimage = imsubtract(nimage,n_bg);
cropimage = nimage(rect(2):
(rect(2)+rect(4)-1),rect(1):(rect(1)+rect(3 )-1));
ncontrolmean(i) = mean(mean(cropimage));
end
else
ncontrolmean = zeros(1, parameter(1).num_image) ;
nimage=0;

end

B.2.8 pdediff.m

% pdediff.m
% created by Anthony Geonnotti
% based on code by Sarah Kieweg

% last modified: February 21, 2008

% function creates a set of solutions to the diffus ion equation given
% inputs of x,y,t, and D and then compares them to actual intensity
% profiles. The function generates an error by comp aring the sum of the

% squared residuals and then minimizes that error.
function  [err]=pdediff(pdeD,x,y,t)

global  xbig ybig D

m=0;

xbig = x;
=5(C



ybig=y;
D = pdeD; %uncomment if you want D to display every interatio

sol = zeros(length(t),length(x));

%generates solutions based on an IC, BCs, and equat ions found below/

sol = pdepe(m,@pdexlpde,@pdexlic,@pdexlbc,x,t);

% calculate error by the sum of squares

err = sum(sum((y-sol).”2));

% diffusion equation

function  [c,f,s] = pdex1pde(x,t,u,DuDx)

global D
c=1;

f = D*DuDx;
s=0;

% intial condition -- first intensity profile
function  u0 = pdexlic(x)

global  xbig ybig

ix = find(xbig == x);

u0 = yhig(1,ix);

% boundary conditions: C=0 at the edges
function  [pl,ql,pr,qr] = pdex1lbc(xl,ul,xr,ur,t)

pl = ul;



ql =0;
pr = ur;

gr=0;

B.2.9 pdediffcalc.m

% pdediffcalc.m

% created by Anthony Geonnotti

% based on code by Sarah Kieweg

% last modified: February 21, 2008
%plots the solution of the diffusion PDE based on t
% calculated D value.

function  [sol]=pdediffcalc(pdeD,x,y,t)
global  xbig ybig D

m=0;

xbig = x;

ybig=y;

D = pdeD;

sol = zeros(length(t),length(x));

sol = pdepe(m,@pdexlpde,@pdexlic,@pdexlbc,x,t);

% diffusion equation

function  [c,f,s] = pdex1pde(x,t,u,DuDx)

global D
c=1;
f = D*DuDx;

s=0;

he final



% intial condition -- first intensity profile
function  u0 = pdexlic(x)

global xbig ybig

ix = find(xbig == x);

u0 = yhig(1,ix);

% boundary conditions: C=0 at the edges
function  [pl,ql,pr,qr] = pdex1bc(xl,ul,xr,ur,t)

pl = ul;

B.2.10 rsquare.m

% rsquare.m
% created by Anthony Geonnotti
% last modified: February 21, 2008
% Finds r-squared values between intensity profiles and
% calculated profiles
% goes with ScanAnalyze.m
function  rsq = rsquare(ycalc, yactual)
err = sum((yactual-ycalc).”2); %least-squared error
%AKA Residual sum of squares
tss = sum((yactual-mean(yactual)).”2); %total sum of squares

rsq = l-err/tss;
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B.2.11 PDEresultsplot.m

% PDEresultsplot.m

% created by Anthony Geonnotti

% last modified: February 21, 2008

timelabel = time/60; %get time vector into minutes

D = pdeD;

%plots the results from ScanAnalyzeAll.m

figure(7)

subplot(331)

imagesc(imageX)

caxis(cscale)

title([ 'last scanned image (' , parameter(end).im_name, D
'interpreter’ , 'none' )

hold on

% crop box

plot(rect(1):(rect(1)+rect(3)), rect(2), 'w')
plot(rect(1):(rect(1)+rect(3)), (rect(2)+rect(4)), W' )
plot(rect(1), rect(2):(rect(2)+rect(4)), 'w')
plot((rect(1)+rect(3)), rect(2):(rect(2)+rect(4)), w' )

% corrected crop box
plot((rect(1)+peakleftedge-20):

((rect(1)+peakleftedge-20)+length(avgintens)), rect(2), 'r-.'
plot((rect(1)+peakleftedge-20):

((rect(1)+peakleftedge-20)+length(avgintens)),

(rect(2)+rect(4)), =)



plot((rect(1)+peakleftedge-20), rect(2):(rect(2)+re ct(4)),
plot(((rect(1)+peakleftedge-20)+length(avgintens)),

rect(2):(rect(2)+rect(4)), - )

%'interpreter' turns off TEX so no subscript "1"

% colormap(gray)

subplot(332)

imagesc(cropX)

title([ 'cropped last image (white) (' , parameter(end).im_name,
'interpreter’ , 'none' )

%'interpreter' turns off TEX so no subscript "1"

% colormap(gray)

%
subplot(336)
hold on

for i=1:parameter(1l).num_image

plot(x,avgintens(i,:), 'b" )  %plots whole intensity values
end
axis tight
titte(  ‘'averaged intensity profiles' )

xlabel(  'pixel" )

ylabel( 'normalized intensity' )
subplot(339)
plot(timelabel, rsq, -ob" )



titte(  'R”2 of diffusion fit' )

xlabel( 'time of measurement (min)' )

axis([timelabel(1)-1 timelabel(end)+1 rsqg(end)-.01 1.01))

subplot(3,3, [4 5 7 8])

plot(x,avgintens(1,:), 'g."  ,xs0l(1,), k')
hold on
plot(x,avgintens(end,:), 'b."  ,x,sol(end,:), m' )

% plot(x2,avgintens2(1,:),'g.",x2,s0l12(1,:),'k")
text(x(end)*.95, max(avgintens(1,:))-.1,
[ 'D=" num2str(D), 'cm™2/sec’ ], ‘fontsize' -
12, 'horizontalalignment' , 'right’ )
text(x(end)*.95, max(avgintens(1,:))-.35,
[ 'R*"2=" | num2str(mean(rsq))], 'horizontalalignment'
titte(  'Intensity profiles and fits' )

xlabel(  'microns' )

ylabel( 'normalized intensity' )
legend( ‘first data’ , Cfirstfit' , 'last data' , 'last fit'
axis tight
subplot(333)
axis([0 300 0 300])
text(15, 300, 'PARAMETERS))
text(15, 250, [ 'File: ' , parameter(1).exp_name],
'interpreter' , 'none" , ‘fontweight' , 'bold" , ‘'fontsize'
text(15,210, [ 'Solution name: ' , parameter(1).sol_name],
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'interpreter’ , 'none’ )

text(15, 170, [ 'particle: , parameter(1).particle])
text(15, 130, [ ‘gel:’ , parameter(1).gel])
text(15,90, [ filter size ' , hum2str(filtersize(1)),

X' ,num2str(filtersize(2)) 1)

text(15,50, [ 'UV exposure: ' , hum2str(parameter(1).bleach),

text(15,10, [ "Time of image: ' -
num2str(parameter(1).time_sec/60), "min' )

axis off

%%%%%% %% %% %% %% %% %% % %% %% %%

figure(8)

subplot(233)

plot(timelabel,pcontrolmean/pcontrolmean(1), b-x" )
hold on

plot(timelabel,ncontrolmean/ncontrolmean(1), -x' )
titte(  'Control mean changes' )

xlabel(  'time of measurement (min)' )

ylabel( 'Normalized intensity (compared to initial image)'

legend( ‘postive control’ , 'negative control' , 'location’

subplot(236)
if askcorrelation ==
bar(offset)

barlimit = max(max(abs(offset)));

=F:
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axis([0 parameter(1).num_image+1 -barlimit-1 ba rlimit+1])
title( 'image offset from background' )
xlabel( 'image number' )
ylabel( 'Amount to offset (pixels)' )
legend( 'xoffset’ , 'yoffset' )
else
disp( 'no correlation run’ )

end

subplot(231)
plot(timelabel,max_intensity,
titte(  'maximum intensity of profile' )

xlabel( 'time of measurement (min)' )

subplot(234)
plot(timelabel,min_intensity, X' )
title(  'minimum intensity of profile' )

xlabel( 'time of measurement (min)' )

subplot(232)
if pimage == %return if there is no nimage
axis([0 300 0 300])
text(150, 150, '‘No Positive Control' )
else
imagesc(pimage)

title( 'Last positive control image' )



hold on
%first crop box
plot(rect(1):(rect(1)+rect(3)), rect(2),
plot(rect(1):(rect(1)+rect(3)), (rect(2)+rect(4
plot(rect(1), rect(2):(rect(2)+rect(4)),
plot((rect(1)+rect(3)), rect(2):(rect(2)+rect(4
% corrected crop box
plot((rect(1)+peakleftedge-20):
((rect(1)+peakleftedge-20)+length(avgintens
plot((rect(1)+peakleftedge-20):
((rect(1)+peakleftedge-20)+length(avgintens
(rect(2)+rect(4)), =)
plot((rect(1)+peakleftedge-20), rect(2):(rect(2
plot(((rect(1)+peakleftedge-20)+length(avginten

rect(2):(rect(2)+rect(4)), -

end

subplot(235)

if nimage==0 %return if there is no nimage

axis([0 300 0 300])

text(150,150, 'No Negative Control'

else %if exist ==1

imagesc(nimage)
title( 'Last negative control image'

hold on

), W)
), W)
), rect(2),
),
)+rect(4)),
s)),

, 'horizontalalignment'
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%first crop box
plot(rect(1):(rect(1)+rect(3)), rect(2),
plot(rect(1):(rect(1)+rect(3)), (rect(2)+rect(4
plot(rect(1), rect(2):(rect(2)+rect(4)),
plot((rect(1)+rect(3)), rect(2):(rect(2)+rect(4

% corrected crop box
plot((rect(1)+peakleftedge-20):

((rect(1)+peakleftedge-20)+length(avgintens
plot((rect(1)+peakleftedge-20):

((rect(1)+peakleftedge-20)+length(avgintens

(rect(2)+rect(4)), - )
plot((rect(1)+peakleftedge-20), rect(2):(rect(2
plot(((rect(1)+peakleftedge-20)+length(avginten

rect(2):(rect(2)+rect(4)), r-.'

end

%% ask if want to print figures
home

if path== '

askprint=input(
if askprint == y'
figure(7)
colormap(gray)
print
figure(8)
print

figure(5)

'Print the figures? (y/n): '

E(

), W)
), W)
), rect(2),
),
)+rect(4)),
s)),

);

T



colormap(gray)
print
end

end

B.3 Code Used for Analysis of the Transport Assay

B.3.1 transport_1thickness.m

% transport.m

% Created by Anthony Geonnotti

% Last modified March 16, 2008

% This code is a 4-compartment model used to compar e experimental
% results from the Transwell experiment to theoreti cal results.
function  transport

close all ;clear all ;

m = 0; %slab geometry

% X vector has different spacing for each of the 4 compartments. The
% compartments represent, in order, the bottom tran swell chamber,

% membrane, gel layer, and top transwell chamber. T heir lengths are

% the compartment heights in microns. these heights are representative

% of the actual heights in the transwell experiment

x = [linspace(0,16419, 1000) linspace(16420,16429,1 0) ...
linspace(16430,16559, 130) linspace(16560, 2177 9, 500)];

t = (JO 3600*12 3600*24]); %every 6 hours to 24hrs

7 — SOLVER LOOP--ss-mmmmmmmmmmmnscmmmme e

sol = pdepe(m,@pdex1pde,@pdexlic,@pdexlbc,x,t); %solver

=El



save solutionllayer
display( 'done' )

%

%

function  [c,f,s] = pdex1lpde(x,t,u,DuDx)

Dw = 6.49e-9*5*1e8; %diffusion of 70nm sphere in 1cP fluid
Factor = .5
Dg = factor*Dw; % guess of Diffusion coefficient for gel

%layer to match with experimental results

%calculate sedimentation velocity

radius = 70e-7; %cm
gravity = 980; %cm/s”2
visc = .008; %P (g/cm s)
dens=1.2;

v = ((2*(radius”™2)*gravity)/(9*visc))*(dens-1);
v_sed = -v*le4; %cm to micron
vg_sed = factor*v_sed;

peclet = -v_sed*5240/Dw;

% the equations are two independent equations--they
%on each other. The first set solves the system as
%layer and the second one has a gel layer. The resu
% of equations is compared to determine the amount
% would slow viral transport to the bottom chamber

% transport experiment.
=E:
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if x<16420;

c=[1;1]; %Bottom well

f = [Dw*DuDx(1)-v_sed;Dw*DuDx(2)-v_sed]; %all diffusion is in
water

s = [0;0]; % no reaction term in any chamber

elseif x>16419 && x<16430

c=[1;1]; %membrane
f = [Dw*DuDx(1)-v_sed;Dw*DuDx(2)-v_sed]; %all diffusion in water
s =[0;0];

elseif x>16429 && x<16560

c=[1;1]; %130um layer
f = [Dw*DuDx(1)=v_sed;Dg*DuDx(2)-vg_sed]; % no gel all water
diffusion in

% first system. Gel diffusion

% in second system

s = [0;0];
else
c=[1;1]; % top layer
f = [Dw*DuDx(1)-v_sed;Dw*DuDx(2)-v_sed]; %all water diffusion
s = [0;0];
end
end
% I
%------ Initial Conditions

=E}l



% the inital conditions reflect that there is no ge [ in the first
% system, and therefore virus exists up to the memb rane at start. the
% gel layer moves back the starting position of vir us
function  u0 = pdexlic(x)
if x<16420;
u0 = [0;0]; % no virus at start in bottom layer

elseif x>16419 && x<16430

u0 = [0;0]; % no virus at start in membrane
elseif x>16429 && x<16560

u0 =[1,0]; % virus in 'gel layer" in first system.

% no virus in second system

else

uo =[1;1]; %virus in top compartment in both systems

end

end

function  [pl,ql,pr,qr] = pdex1bc(xl,ul,xr,ur,t)

pl = [0;0]; % both systems have a no flux
gl =[1;1]; %boundary condition at both
pr = [0;0]; %edges. Continuity is between
gr = [1;1]; Y%layers

end

end

B.3.2 transport_1thickness_analysis.m

% transport analysis.m

% Created by Anthony Geonnotti
=E¢



% Last modified March 16, 2008

clear all ;

load solutionllayer %load saved MAT file

MO = sol(:,:,1); % the first system is the membrane only solution
ONE = sol(:,:,2); % the second system has a gel layer

%% plot to ensure code was right
figure (1)

hold on

plot(x, MO(1,:))

plot(x, ONE(3,:), ™)

%% figure out amount in bottom for each case
%Total virus is all in top of 0 timepoint. Integrat
%to find total amount of virus.

MOallvirus = trapz(MO(1,1140:1640))*((21779-16560)/

%Integrate bottom compartment at each timepoint (12
MObottomvirus12 = trapz(M0O(2,1:1000))*(16419/1000);

MObottomvirus24 = trapz(MO(3,1:1000))*(16419/1000);

%find fraction bottom virus/all virus
MOfraction12 = MObottomvirus12/MOQallvirus;

MOfraction24 = MObottomvirus24/MOallvirus;

=E!
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%Repeat for gel layer system

ONEallvirus = trapz(ONE(1,1140:1640))*((21779-16560
ONEDbottomvirus12 = trapz(ONE(2,1:1000))*(16419/1000
ONEbottomvirus24 = trapz(ONE(3,1:1000))*(16419/1000
ONEfraction12 = ONEbottomvirus12/ONEallvirus;

ONEfraction24 = ONEbottomvirus24/ONEallvirus;

%Figure out the amount that the gel layer slows dow

Responsecurve = [ONEfraction12/MOfraction12 ONEfrac

=El

)/500);

n virus.

tion24/MOfraction24]
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