








Fast Relaxation Imaging

Fast relaxation imaging (FReI; Figure 5.12) is a technique that can be used

to image fast dynamics of biomolecules in vivo [22]. It couples time-resolved

fluorescence imaging with fast temperature jump induced kinetics. It utilizes

FRET signaling to determine whether a protein is folded or unfolded Figure

5.13. ADSL is tagged on the N-terminus for both RFP and GFP tags. This

was quite fortunate because it the only two terminuses that come in close

enough contact for FRET to occur is two N-terminus of the A and D chains

(3.3 nm; Figure 5.14). Setting up this sort of experiment would be a big task

for either multiple undergraduates or new graduate student. It could also start

up collaboration with Dr. Mark Siemen’s optics lab if a FReI system need to

be “rigged up” as opposed to purchasing all new equipment.

Figure 5.12: Pictorial representation of an FReI experimental setup.
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Figure 5.13: Data you would expect to see from an FReI experiment

Figure 5.14: Approximate location for fluorescently labeled proteins. Tag
location is depicted by blue chains. Area is approximate because the first 15
amino acids do not have a specified location
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Appendix A

Materials and Methods

A.1 Materials

Chemicals, biochemicals, buffers, and solvents were purchased from Sigma-

Aldrich Chemical Co. (St. Louis, MO), Fisher Scientific Inc. (Pittsburgh,

PA), Fluka Chemical Corp. (Milwaukee, WI), or EM Science (Cincinnati, OH).

The Centricon and Ultrafree centrifugal filter devices were obtained from Mil-

lipore Co. (Billerica, MA). Nickel-nitrilotriacetic acid-agarose, a QIAspin kit,

and high throughput crystal condition screens were purchased from QIAGEN.

Additive HT Screen was purchased from Hampton Research. QuikChange

site directed mutagenesis kit was purchased from Stratagene. SAICAR was

prepared enzymatically from AICAR purchased from Sigma-Aldrich Chemi-

cal Co. as described by Zikanova, et al [97]. Enzymes and reagents used for

molecular biology procedures were obtained from New England Biolabs, Inc.

(Ipswich, MA).
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A.2 Methods

A.2.1 Site-Directed Mutagenesis, Enzyme Expression,

and Purification

The initial WT ADSL construct was obtained from Dr. Roberta F. Col-

man, Department of Chemistry and Biochemistry, University of Delaware,

Newark, DE. The full description of the initial ADSL WT construct is de-

scribed in Lee and Colman [47]. In short, the full length human ADSL gene

(1-484 residues) was constructed in pET-14b vector containing a 5’-end NdeI

restriction site and a 3’-end BlpI restriction site and a thrombin cleavable N-

terminal histidine tag. In order to overexpress the human enzyme in E. coli,

the vector was transformed into E. coli Rosetta 2(DE3)pLysS. Introduction of

point mutations in the human ADSL plasmid was done by the QuikChange

site-direction mutagenesis. The QIAspin kit was used for cDNA extraction

and purification. DNA sequencing performed at CU Cancer Center DNA Se-

quencing and Analysis Core confirmed mutations.

ADSL protein was then grown in LB broth at 37◦C until cell density

(OD600) reached 0.4-0.6. The cell culture was then cooled to 25◦C and in-

duced with 0.4 mM IPTG overnight. Cells were pelleted by centrifugation at

x2500 g. The cell pellet was resuspended in cell lysis buffer (50 mM potas-

sium phosphate buffer, pH 8.0, 300 mM KCl, and 10% glycerol) based on 10

mL lysis buffer per gram of cell pellet. DNase (1 mg/mL) and RNase (25

mg/mL) were added to the lysis buffer at 0.001 (w/v) and 0.01 (w/v) for

DNase and RNase respectively. The pellet was freeze-thawed three times to
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rupture the bacterial cell membrane. The soluble protein fraction (crude cell

lysate) was separated from cell debris by centrifugation at x32,000 g. The

crude cell lysate was then loaded onto a Qiagen Ni-NTA column equilibrated

with lysis buffer. After loading the crude cell lysate, the Ni-NTA column was

washed with 100 mL lysis buffer, followed by 100 mL lysis buffer with 20 mM

imidazole to remove any loosely bound protein. The histidine tagged ADSL

was eluted by a column gradient or 150 mL of lysis buffer containing 20 mM

imidazole and 250 mM imidazole. ADSL was collected in 4 mL fractions with

400 µL of enzyme storage buffer (50 mM potassium phosphate, pH. 7.0, 150

mM KCL, 1 mM DTT, 1 mM EDTA, 10% glycerol). Fractions were tested

for ADSL concentration by the Bio-Rad assay. Fractions with high ADSL

concentration were pooled and concentrated using Amicon Ultra-15 (MWCO

10,000). The concentrated enzyme was dialyzed against enzyme storage buffer

overnight. Purity was assessed by SDS-PAGE Gel Electrophoresis (data not

shown). Protein Concentration was calculated by absorbance at 280 nm using

E280
1% = 7.7 [29]. After purification, protein was stored at -80◦C.

A.2.2 Population Distribution by Static Light Scatter-

ing

Size Exclusion Chromatography-Multi-Angle Light Scattering measurements

were performed on a Wyatt miniDAWN TREOS connected to a Shimadzu

UFLC and a Wyatt WTC-030S5 size exclusion column. Samples were run in

duplicate of 350 µg of His-tagged ADSL diluted in Enzyme Storage buffer.

PBS was used as the mobile phase and flowed at .5 mL/min. Calibration
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was checked using 2 mg/mL bovine serum albumin. Data were analyzed with

ASTRA software. Values of .185 and 770 were used as the dn
dc

value and extinc-

tion coefficient ( mL
g∗cm) respectively. The extinction coefficient was calculated

by previously established methods [29].

A.2.3 Population Distribution by Analytical Ultracen-

trifugation

Sedimentation velocity (SV) experiments of the WT and mutant enzymes

were conducted using a Proteomelab XL-I analytical ultracentrifuges (Beck-

man Coulter, Fullerton, CA) analytical ultracentrifuge equipped with an An-

60Ti analytical rotor. Prior to each SV experiment, frozen samples were incu-

bated for ∼2 hours at 25◦C before measurements were taken. ADSL samples (

∼0.35 mg/mL) were centrifuged at 40,000 rpm at 25◦C. The number of scans

collected in each run was adequate to capture the entire sedimentation process.

Data were analyzed using the SEDPHAT program. The density of the buffer

at 25◦C was calculated using the SEDNTERP program. The partial specific

volume of human ASL at 25◦C is 0.7366.

A.2.4 Secondary Structure by Circular Dichroism

The secondary structure of the WT and mutant enzymes was assessed using

CD spectroscopy. Ellipticity was measured on a Jasco - J815 spectropolarime-

ter from 200 to 250 nm, in 0.2 nm increments using a 0.1 cm quartz cuvette.

The samples were scanned three times and averaged, and the background from

the buffer (50 mM KPO4 buffer, pH 7, containing 150 mM KCl, 1 mM EDTA,
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1 mM DTT, and 10% glycerol) was subtracted. The mean molar residue el-

lipticity [θ] (deg cm2 dmol−1) was calculated from the equation [θ]= θ
10∗n∗C∗` ,

where θ is the measured ellipticity in millidegrees, C is the molar concentration

of enzyme subunits, ` is the path length in centimeters, and n is the number

of residues per subunit (503 residues per monomer, including the His6 tag and

thrombin cleavage site). The WT and mutant enzyme samples were incubated

for ∼2 hours at 25◦C before measurements were taken. The ellipticity of the

samples was measured at 25◦.

A.2.5 Enzyme Kinetics by UV

Enzyme kinetics was performed on a UV-Vis Spectrophotometer Evolution

3000 from Thermo Scientific using 1 mL quartz cuvettes at 25◦C. ADSL with

the His-tag intact was used for enzyme assays, as it has been shown that the

His-tag does not affect enzyme activity [47]. Experiments were run with con-

centrations of 0.11 mg/mL and 0.19 mg/mL for WT and R303C respectively.

Frozen samples were incubated for ∼2 hours at 25◦C before measurements

were taken. SAMP enzyme assays of ADSL were measured at 25◦C in 40 mM

Tris-HCl (pH 7.4) with varying concentrations of SAMP (1 - 60 µM). Specific

activity was measured from the decrease in absorbance of SAMP at 282 nm

as it was converted to AMP and fumarate. The assay was monitored over 30

seconds in a 1 mL reaction volume. The difference extinction coefficient of

10000 M−1 cm−1 between SAMP and AMP was used to calculate the specific

activity. SAICAR enzyme assays of ADSL were measured at 25◦C in 40 mM

Tris-HCl (pH 7.4) with varying concentrations of SAICAR (1-60 µM). Specific

activity was measured from the decrease in absorbance of SAICAR at 269 nm
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as it was converted to AICAR and fumarate. The assay was monitored over 30

seconds in a 1 mL reaction volume. The difference extinction coefficient of 700

M−1 cm−1 between SAICAR and AICAR was used to calculate the specific

activity. The initial velocities (ν) and kinetic constants (Vmax, K0.5, and kcat
K0.5

)

were calculated by custom Mathematica templates. The initial velocity was

calculated by importing the absorbance vs. time graphs into Mathematica

where the linear portion of the graph was fit with a linear line. The change in

absorbance (∆A) was calculated for one minute from the linear fit. The initial

velocity was calculated by Beer’s Law, ∆C = ∆A
ε`

, where ∆C is the change in

concentration over time, ∆A is the change in absorbance over time, ε is the

difference extinction coefficient, and ` is the pathlength. The initial velocity

was put in terms of specific activity (µmol min−1 mg−1) by dividing ν by the

total enzyme injected into the reaction volume. To determine the kinetic con-

stants, the initial velocity data were fitted to the Hill equation, ν = Vmax∗[S]n

Kn
0.5+[S]n

.

The kcat value was calculated from Vmax and the enzyme concentration [E] via

the equation kcat = Vmax

[E]
.

A.2.6 Enzyme Kinetics by HPLC-EC

Enzyme activity was measured by HPLC-EC analysis of AMP and AICAR

formed from SAMP and SAICAR respectively. Assays were performed at

25◦C in 40 mM Tris-HCl (pH 7.4) with varying concentrations of SAMP and

SAICAR (0-500 µM). Experiments were run in duplicate with approximately

250-500 µg ADSL injected into 1 mL reaction volume at 100% SAMP, 100%

SAICAR, and different ratios of SAMP to SAICAR concentration: 3:1, 1:1,

and 1:3. Every minute, 100 µL of the reaction mixture was extracted into
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25 µL of 2.5 M perchloric acid on ice to stop the reaction. The solution was

neutralized by adding 25 µL of 2.5 M potassium hydroxide. Samples were

clarified by centrifugation in a Spectrafuge 16M at 14,000 rpm at -5◦C.

Separation of SAICAR, AICAR, SAMP, and AMP was achieved by HPLC-

EC analysis similar to our previously described method [21]. Briefly, separation

was obtained by a reverse phase HPLC-EC with a TSKgel ODS-80Tm C-18

column (250 mm x 4.6 mm ID, 5 µM) protected by Tosoh Bioscience TSKgel

guard cartridge. A column temperature of 35◦C was maintained throughout

the analysis. A mobile phase consisting of 50 mM lithium acetate, 2% ace-

tonitrile, and 5 mM tetrabutyl ammonium phosphate (TBAP) at pH 4.8 was

delivered isocratically at a flow rate of 0.8 mL/min. Sample extracts and

standards were kept at 10◦C until a 30 µL aliquot of each sample was injected

using an ESA autosampler (model 542). After injection and separation, an-

alytes were detected using a CoulArray HPLC system (model 5600A, ESA)

with three electrochemical detector modules. Each module contains four flow-

through coulometric detectors in series. Nine EC channels were set to a range

of potentials from 0 - 900 mV in 100 mV increments. Two channels were used

for a high potential boron-doped diamond (BDD) amperometric detector set

to 1700 mV and UV detector set at 265 nm.

This HPLC-EC software allows for quantitative measurement of the amounts

of both substrates and products. Peak quantitation was done using the CoulAr-

ray software package with manual curation to assure appropriate peak calling

by the software. Standard curves of concentration versus peak area in units
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of coulombs were generated for AICAR, and AMP. For these experiments the

standard curves consisted of a concentration range of 2-150 µM for the prod-

ucts and fit with a linear trendline. Time points 0-5 minutes for each mixing

ratio were analyzed. AMP and AICAR concentrations were calculated from

the standard curve, plotted, and fit with a linear line. The activity was given

by the slope of the line in units of Molarity*min−1 and changed into units of

µmol*min−1*mg−1.

A.2.7 Resource Sharing Kinetics Model

We carried out an enzyme mixing kinetics analysis to predict the rate of

product formation when two substrates catalyzed by the same enzyme are

present in solution at different concentrations. The analysis is based on the

coupling of two independent enzymatic reactions via resource sharing. By

independent reactions, we mean two separate reactions for each substrate in

the absence of the other. However, resource sharing induces a coupling due

to the fact that if one enzyme molecule is occupied by substrate one, it is

not available for substrate two. Although the enzyme has multiple binding

sites, we assume on a given enzyme each site is occupied by substrates of the

same type thus avoiding any other possible sources of coupling that may alter

the equilibrium constant (Km). Thus competitive binding has been enforced

in the simplest form by conserving the total number of resources between

the two substrates. This is the only source of interaction between the two

reactions in our resource sharing model. Based on work by Ray, Deaton et

al, cooperativity may play a small role in substrate binding and catalysis [70].

Therefore, for simplicity, we disregard cooperativity in the present model.
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From these assumptions, the rate of product formation for each substrate in

mixing conditions can be predicted. The analysis starts with two independent

kinetics reactions:

[E] + [S1]
k1−−⇀↽−−
k−1

[E · S1]
kcat,1−−−→ [E] + [P1] (A.2.1)

[E] + [S2]
k2−−⇀↽−−
k−2

[E · S2]
kcat,2−−−→ [E] + [P2] (A.2.2)

where [E ] = ADSL, [S 1] = SAICAR, [P1] = AICAR, [S 2] = SAMP, and [P2]=

AMP. The two independent enzyme reactions indicate that a single enzyme

molecule binds [S 1] or [S 2]. Using our assumption no cooperativity, the rate of

product formation,d[P]
dt

, in mixing conditions can be predicted in the following

manner:

Applying the Law of Mass Action to [P1] and the [E · S 1] complex in

equation A.2.1

d[P1]

dt
= kcat,1 · [E · S1] (A.2.3)
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d[E · S1]

dt
= k1 · [E][S1]− k−1 · [E · S1]− kcat,1 · [E · S1] (A.2.4)

Assuming a steady-state approximation, d[E·S1]
dt

= 0, leads to

[E][S1]

[E · S1]
=
k−1 + kcat,1

k1

= Km,1 (A.2.5)

Applying the same to equation A.2.2

d[P2]

dt
= kcat,2 · [E · S2] (A.2.6)

[E][S2]

[E · S2]
=
k−2 + kcat,2

k2

= Km,2 (A.2.7)

If both substrates are present, the total enzyme concentration, [E total], can be

written as

[Etotal] = [E] + [E · S1] + [E · S2] (A.2.8)

Solving for [E ] from equation A.2.5 and equation A.2.7
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[E] =
[E · S1]Km,1

[S1]
=

[E · S2]Km,2

[S2]
(A.2.9)

Utilizing equation A.2.9 to write equation A.2.8 in terms of [E · S 1]

[Etotal] =
[E · S1]Km,1

[S1]
+ [E · S1] +

[E · S1] ·Km,1 · [S2]

[S1] ·Km,2

(A.2.10)

Solving for [E · S 1] from equation A.2.10

[E · S1] =
[Etotal]

Km,1

[S1]
+ Km,1[S2]

Km,2[S1]
+ 1

(A.2.11)

Substituting equation A.2.11 into equation A.2.3

d[P1]

dt
=

kcat,1[Etotal]
Km,1

[S1]
+ Km,1[S2]

Km,2[S1]
+ 1

=
Vmax,1

Km,1

[S1]
+ Km,1[S2]

Km,2[S1]
+ 1

(A.2.12)

Since our experiment was always in saturating conditions, Km,1 << S1

d[P1]

dt
=

Vmax,1
Km,1[S2]

Km,2[S1]
+ 1

(A.2.13)

Setting x = [S2]
[S1]
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d[P1]

dt
=

Vmax,1
Km,1

Km,2
· x+ 1

(A.2.14)

Utilizing equation A.2.9 to write equation A.2.8 in terms of [E · S 2], , solving

for [E · S 2], and substituting into equation A.2.6 results in the rate of formation

for [P2]

d[P2]

dt
=

Vmax,2
Km,2

Km,1
· 1
x

+ 1
(A.2.15)

Equations A.2.14 and A.2.15 are predictions for the rate of product formation,

d[P ]/dt, as a function of substrate ratio, x. Vmax and Km values are obtained

experimentally by enzyme kinetic assays on each substrate independently.

A.2.8 Two Site, Two Substrate Model

I did not have an opportunity to really delve into this model, and it seems

pretty moot at this point to continue. But it was fun to think about and was

good practice.

(*Initial concentrations for reaction*)

i0=4; (*ADSL*)

J0=50;(*SAMP*)

P0=0;(*AMP*)

s0=50;(*SAICAR*)
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A0=0;(*AICAR*)

(*complexes*)

iJ0=0;

is0=0;

Ji0=0;

si0=0;

JiJ0=0;

sis0=0; siJ0=0;

Jis0=0;

(*rate constants*)

k1=1;

k−1=0;

k2=1;

k−2=0;

k3=1;

k−3=0;

k4=1;

k−4=0;

(*catalytic constants*)

kstoA=7.4*0.43;

kJtoP=13.5*0.052;
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(*coop and catalytic rate constants*)

α=0.97; (*coop for after J binds for another J to bind*)

β=1; (*changes in catalytic rate with two active sites filled with J*)

γ=0.94; (*coop for after s binds for another s to bind*)

φ=1;(*changes in catalytic rate with two active sites filled with s*)

θ=1; (*coop for after s binds for another J to bind*)

ψ=1;(*changes in catalytic rate with two active sites filled with s and J*)

η=1; (*coop for after J binds for another s to bind*)

ε=1;(*changes in catalytic rate with two active sites filled with J and s*)

(*Time constants*)

NDSolveTime=2000;(*How far out to solve the differential equations*)

solution=NDSolve[ i’[t]==-k1 * i[t] * J[t] + k−1 * iJ[t] + kJtoP * iJ[t] - k3 *

i[t] * s[t] + k−3 * is[t] + kstoA * is[t] - k2 * i[t] * J[t] + k−2 * Ji[t] - k4 * i[t] *

s[t] + k−4 * si[t], ( * + kstoA * si[t] + kJtoP * Ji[t], * )

J’[t]==-k1 * i[t] * J[t] + k−1iJ[t] - α * k1 * Ji[t] * J[t] + α * k−1JiJ[t] - θ * k1

* si[t] * J[t] + θ * k−1siJ[t] - k2 * i[t] * J[t] + k−2Ji[t] - α * k2 * iJ[t] * J[t] +

α * k−2JiJ[t] - θ * k2 * is[t] * J[t] + θ * k−2 * Jis[t],
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iJ’[t]==k1 * J[t] * i[t] - k−1 * iJ[t] - kJtoP * iJ[t] - α * k2 * iJ[t] * J[t] + α *

k−2 * JiJ[t] - η * k4 * iJ[t] * s[t] + η * k−4 * siJ[t], ( * + β * kJtoP * JiJ[t] +

ε * kstoA * siJ[t], * )

P’[t]==kJtoP * iJ[t] + β * kJtoP * JiJ[t] + ψ * kJtoP * siJ[t], ( * + kJtoP * Ji[t]

+ β * kJtoP * JiJ[t] + ψ * kJtoP * Jis[t] * )

s’[t]==-k3 * i[t] * s[t] + k−3is[t] - γ * k3 * si[t] * s[t] + γ * k−3sis[t] - η * k3 *

Ji[t] * s[t] + η * k−3 * Jis[t] - k4 * i[t] * s[t] + k−4si[t] - γ * k4 * is[t] * s[t] +

γ * k−4sis[t] - η * k4 * iJ[t] * s[t] + η * k−4siJ[t],

is’[t]==k3 * s[t] * i[t] - k−3 * is[t] - kstoA * is[t] + k4 * s[t] * i[t] - k−4 * si[t] -

γ * k4 * is[t] * s[t] + γ * k−4 * sis[t] - θ * k2 * is[t] * J[t] + θ * k−2 * Jis[t], (

* + φ * kstoA * sis[t] - kstoA * si[t] + ψ * kJtoP * Jis[t], * )

A’[t]==kstoA * is[t] + φ * kstoA * sis[t] + ε * kstoA * Jis[t], ( * + kstoA * si[t]

+ φ * kstoA * sis[t] + ε * kstoA * siJ[t] * )

Ji’[t]==-α * k1 * Ji[t] * J[t] + α * k−1 * JiJ[t] + β * kJtoP * JiJ[t] - η * k3 *

Ji[t] * s[t] + η * k−3 * Jis[t] + ε * kstoA * Jis[t] + k2 * J[t] * i[t] - k−2 * Ji[t],

( * - kJtoP * Ji[t], * )

JiJ’[t]==α * k1 * J[t] * Ji[t] - α * k−1 * JiJ[t] - β * kJtoP * JiJ[t] + α * k2 *

J[t] * iJ[t] - α * k−2 * JiJ[t], ( * - β * kJtoP * JiJ[t], * )

172



si’[t]==-γ * k3 * si[t] * s[t] + γ * k−3 * sis[t] + φ * kstoA * sis[t] - θ * k1 * si[t]

* J[t] + θ * k−1 * siJ[t] + ψ * kJtoP * siJ[t],

sis’[t]==γ * k3 * s[t] * si[t] - γ * k−3 * sis[t] - φ * kstoA * sis[t] + γ * k4 * s[t]

* is[t] - γ * k−4 * sis[t], ( * - φ * kstoA * sis[t], * )

siJ’[t]==θ * k1 * J[t] * si[t] - θ * k−1 * siJ[t] - ψ * kJtoP * siJ[t] + η * k4 * s[t]

* iJ[t] - η * k−4 * siJ[t], ( * - ε * kstoA * siJ[t], * )

Jis’[t]==η * k3 * s[t] * Ji[t] - η * k−3 * Jis[t] - ε * kstoA * Jis[t] + θ * k2 * J[t]

* is[t] - θ * k−2 * Jis[t], ( * - ψ * kJtoP * Jis[t], * )

i[0]==i0,

J[0]==J0,

iJ[0]==iJ0,

P[0]==P0,

s[0]==s0,

is[0]==is0,

A[0]==A0,

Ji[0]==Ji0,

JiJ[0]==JiJ0,

si[0]==si0,

sis[0]==sis0,

siJ[0]==siJ0,
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Jis[0]==Jis0,

i[t],J[t],iJ[t],P[t],s[t],is[t],A[t],Ji[t],JiJ[t],si[t],sis[t],siJ[t],Jis[t], t,0,1200]

PlotTime=25;(*How far out to plot your solution*)

Plot[Evaluate[s[t],A[t],J[t],P[t]/.solution],t,0,PlotTime,

PlotRange → All,

(*PlotRange → 0,50,0,10,*)

Frame →True,

FrameStyle →Thick,

(*FrameTicks → 0,1,2,3,4,5,6,0,0.2,0.4,0.6,0.8,1.0,,,*)

FrameLabel → ”Concentration”,” ”,”Time”,”R303C Kinetic Parameters”,

LabelStyle → FontSize → 32,

PlotStyle → RGBColor[0,0,0], Thickness[0.005], RGBColor[1,0,0],

Thickness[0.005], RGBColor[0,1,0], Thickness[0.005], RGBColor[0,0,1], Thick-

ness[0.005]]

A.2.9 Purine Biosynthesis Pathway

This is another model I did not have time to develop further than just

starting. This model predicts the intermediate accumulation in the de novo

purine biosynthesis pathway using the principle of mass action.

(*Package for Legend*)

needs[PlotLegends‘]

(*Initial concentrations for enzymes*)

T0=0.1;(*PPAT*)
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G0=0.1;(*GART*)

B0=0.1;(*FGAMS*)

d0=0.1;(*PAICS*)

i0=0.1; (*ADSL*)

F0=0.1; (*ATIC*)

H0=0.1; (*ADSS2*)

(*Initial concentrations for metabolites*)

p0=10;(*PRPP*)

w0=0;(*PRA*)

y0=0;(*GAR*)

z0=0;(*FGAR*)

g0=0;(*FGAM*)

a0=0;(*AIR*)

c0=0;(*CAIR*)

s0=0; (*SAICAR*)

A0=0; (*AICAR*)

r0=0;(*FAICAR*)

M0=0;(*IMP*)

J0=0;(*SAMP*)

P0=0;(*AMP*)

(*Initial concentrations for complexes*)

Tp0=0;

Gw0=0;
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Gy0=0;

Bz0=0;

Gg0=0;

da0=0;

dc0=0;

is0=0;

FA0=0;

Fr0=0;

HM0=0;

iJ0=0;

(*rate constants*)

k12=1;

k−12=0;

k11=1;

k−11=0;

k10=1;

k−10=0;

k9=1;

k−9=0;

k8=1;

k−8=0;

k7=1;

k−7=0;

k6=1;
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k−6=0;

k1=1;

k−1=0;

k2=1;

k−2=0;

k3=1;

k−3=0;

k4=1;

k−4=0;

k5=1;

k−5=0;

(*catalytic rate constants*)

kptow=10;

kwtoy=10;

kytoz=10;

kztog=10;

kgtoa=10;

katoc=10;

kctos=10;

kStoA=7.4*0.43;

kAtor=10;

krtoM=10;

kMtoJ=10;
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kJtoP=13.4*0.052;

(*Time constants*)

NDSolveTime=2000;(*How far out to solve the differential equations*)

PlotTime=300;(*How far out to plot your solution*)

solution=NDSolve[

T’[t]== - k12 * T[t] * p[t] + k−12 * Tp[t] + kptow * Tp[t],

p’[t]== - k12 * T[t] * p[t] + k−12Tp[t],

Tp’[t]==k12 * p[t] * T[t] - k−12 * Tp[t] - kptow * Tp[t],

G’[t]== - k8 * G[t] * g[t] + k−8 * Gg[t] + kgtoa * Gg[t] - k10 * G[t] * y[t] +

k−10 * Gy[t] + kytoz * Gy[t] - k11 * G[t] * w[t] + k−11 * Gw[t] + kwtoy * Gw[t],

w’[t]== - k11 * G[t] * w[t] + k−11Gw[t] + kptow * Tp[t],

Gw’[t]==k11 * w[t] * G[t] - k−11 * Gw[t] - kwtoy * Gw[t],

y’[t]== - k10 * G[t] * y[t] + k−10Gy[t] + kwtoy * Gw[t],

Gy’[t]==k10 * y[t] * G[t] - k−10 * Gy[t] - kytoz * Gy[t],

B’[t]== - k9 * B[t] * z[t] + k−9 * Bz[t] + kztog * Bz[t],

z’[t]== - k9 * B[t] * z[t] + k−9Bz[t] + kytoz * Gy[t],

Bz’[t]==k9 * z[t] * B[t] - k−9 * Bz[t] - kztog * Bz[t],

g’[t]== - k8 * G[t] * g[t] + k−8Gg[t] + kztog * Bz[t],

Gg’[t]==k8 * g[t] * G[t] - k−8 * Gg[t] - kgtoa * Gg[t],

d’[t]== - k6 * d[t] * c[t] + k−6 * dc[t] + kctos * dc[t] - k7 * d[t] * a[t] + k−7 *

da[t] + katoc * da[t],

a’[t]== - k7 * d[t] * a[t] + k−7da[t] + kgtoa * Gg[t],

da’[t]==k7 * a[t] * d[t] - k−7 * da[t] - katoc * da[t],
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c’[t]== - k6 * d[t] * c[t] + k−6dc[t] + katoc * da[t],

dc’[t]==k6 * c[t] * d[t] - k−6 * dc[t] - kctos * dc[t],

s’[t]== - k1 * i[t] * s[t] + k−1is[t] + kctos * dc[t],

i’[t]== - k1 * i[t] * s[t] + k−1 * is[t] + kStoA * is[t] - k5 * i[t] * J[t] + k−5 *

iJ[t] + kJtoP * iJ[t],

is’[t]==k1 * s[t] * i[t] - k−1 * is[t] - kStoA * is[t],

A’[t]==kStoA * is[t] - k2 * F[t] * A[t] + k−2FA[t],

F’[t]== - k2 * F[t] * A[t] + k−2 * FA[t] + kAtor * FA[t] - k3 * F[t] * r[t] + k−3

* Fr[t] + krtoM * Fr[t],

FA’[t]==k2 * A[t] * F[t] - k−2 * FA[t] - kAtor * FA[t],

r’[t]==kAtor * FA[t] - k3 * F[t] * r[t] + k−3Fr[t],

Fr’[t]==k3 * r[t] * F[t] - k−3 * Fr[t] - krtoM * Fr[t],

M’[t]==krtoM * Fr[t] - k4 * H[t] * M[t] + k−4HM[t],

H’[t]== - k4 * H[t] * M[t] + k−4 * HM[t] + kMtoJ * HM[t],

HM’[t]==k4 * M[t] * H[t] - k−4 * HM[t] - kMtoJ * HM[t],

J’[t]== - k5 * i[t] * J[t] + k−5iJ[t] + kMtoJ * HM[t], iJ’[t]==k5 * J[t] * i[t] -

k−5 * iJ[t] - kJtoP * iJ[t],

P’[t]==kJtoP * iJ[t],

T[0]==T0,

p[0]==p0,

Tp[0]==Tp0,

G[0]==G0,

w[0]==w0,

Gw[0]==Gw0,
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y[0]==y0,

Gy[0]==Gy0,

B[0]==B0,

z[0]==z0,

Bz[0]==Bz0,

g[0]==g0,

Gg[0]==Gg0,

d[0]==d0,

a[0]==a0,

da[0]==da0,

c[0]==c0,

dc[0]==dc0,

s[0]==s0,

i[0]==i0,

is[0]==is0,

A[0]==A0,

F[0]==F0,

FA[0]==FA0,

r[0]==r0,

Fr[0]==Fr0,

M[0]==M0,

H[0]==H0,

HM[0]==HM0,

J[0]==J0,

iJ[0]==iJ0,
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P[0]==P0,

T[t], p[t], Tp[t], G[t], w[t], Gw[t], y[t], Gy[t], B[t], z[t], Bz[t], g[t], Gg[t], d[t],

a[t], da[t], c[t], dc[t], i[t], s[t], is[t], A[t], F[t], FA[t], r[t], Fr[t], M[t], H[t], HM[t],

J[t], iJ[t], P[t], t,0,NDSolveTime]

Plot[Evaluate[s[t],A[t],J[t],P[t]/.solution],t,0,PlotTime,

PlotRange → All,

(*PlotRange → 0,50,0,10,*)

Frame → True,

FrameStyle → Thick,

FrameLabel→ ”Concentration (AU)”,” ”,”Time (AU)”,”R303C ADSL Metabo-

lite Accumulation”,

PlotStyle → RGBColor[0,0,0],,Thickness[0.005], RGBColor[1,0,0], Thickness

[0.005], RGBColor[0,1,0], Thickness[ 0.005],RGBColor[0,0,1], Thickness[0.005],

LabelStyle → FontSize → 32]

A.2.10 Modeling ADSL Tetramer Formation

This is as far as I went with my code before I found the Powers paper on

tetramer formation [65].

m0=10;

d0=0;

r0=0;

e0=0;
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k1=1;

k−1=0;

k2=1;

k−2=0;

k3=1;

k−3=0;

k4=1;

k−4=0;

k5=0;

k−5=0;

k6=0;

k−6=0;

solution=NDSolve[

m’[t]==-k1*m[t]*m[t]-k2d[t]*m[t]-k3r[t]*m[t]+k−1d[t]*m[t]+

k−2r[t]*m[t]-k6*m[t]*m[t]*m[t]*m[t],

d’[t]==k1*m[t]*m[t]-k−1d[t]*m[t]-k2d[t]*m[t]-k4*d[t]*d[t],

r’[t]==k2d[t]*m[t]-k3r[t]*m[t]-k−2r[t]*m[t],

e’[t]==k3r[t]*m[t]+k4*d[t]*d[t]+k6*m[t]*m[t]*m[t]*m[t],

m[0]==m0,

d[0]==d0,

r[0]==r0,

e[0]==e0,

m[t],d[t],r[t],e[t],

t,0,100];
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Plot[Evaluate[m[t],d[t],r[t],e[t]/.solution],t,0,3,

PlotRange→ All,

AxesLabel → ”Time (sec)”,”Concentration (M)”,

PlotStyle → RGBColor[0,0,0], Thickness[0.005], RGBColor[1,0,0],

Thickness[0.005], RGBColor[0,1,0], Thickness[0.005], RGBColor[0,0,1], Thick-

ness[0.005],

LabelStyle → FontSize → 22]

A.2.11 Thermal Denaturation

Fraction Folded by Circular Dichroism

Thermal denaturation was first tested on a Jasco-J815 spectropolarimeter

by moniroting the absorbance at 222 nm as temperature increased from 10 to

80 ◦C at a ramping speed of 1 ◦C/min. Samples were measured at 0.2 mg/mL

in a 0.1 cm pathlength quartz cuvette. The mean molar residue ellipticity

[θ] (deg cm2 dmol−1) was calculated from the equation [θ]= θ
10∗n∗C∗` , where

θ is the measured ellipticity in millidegrees, C is the molar concentration of

enzyme subunits, ` is the path length in centimeters, and n is the number of

residues per subunit (503 residues per monomer, including the His6 tag and

thrombin cleavage site). The WT and mutant enzyme samples were incubated

for ∼2 hours at 25◦C before measurements were taken. The unfolding data

obtained from CD measurements were treated by linear extrapolation of the

pre- post transitions states and converted to the form of fraction folded using

the equation
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Ff =
Iexp − Iu
If − Iu

(A.2.16)

where Iu and If are the baseline intensities of the unfolded and folded signal

respectively and Iexp is the signal from the protein.

Determining ∆G, ∆H, and ∆Cp by Differential Scanning Calorimetry

Differential Scanning Calorimetry (DSC) scans for measuring the change

in excess heat capacity as a function of temperature were performed on a VP-

DSC by MicroCal located at the Biophysics Core facility at Anschutz Medical

Campus. DSC scans were carried out with 1 mg/mL protein, 1 mL total

volume at a scan rate of 1◦C/min. The temperature range for thermal denat-

uration was 15-90◦C. Data were analyzed with a two state, one peak model

using the ORIGIN DSC software provided by MicroCal. Testing for reversibil-

ity was not performed.

A collaboration was attempted with Colette Quinn, PhD, located at TA

Instruments. Samples were prepared and shipped to her to measure the ex-

cess heat capacity on their Nano DSC. The capillary cell design on the Nano

DSC was thought to provide better baseline, more accurate data, and better

potential for reversibility. One eppendorf tube of 0.5 mg/ mL adenylosucci-

nate lyase (ADSL) and one tube of 15 mL of buffer, were received on ice an

immediately stored at -20 ◦C. The buffer and protein were thawed previous

to their use at 10 C in a controlled block heat and cooler. Initially, 600 µL of
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buffer was loaded into the sample and reference cell. The buffer was scanned

several times, with the second scan serving as the background as the first scan

is a considered a conditioning scan, which is standard practice. The buffer was

removed from the sample cell and 600 µL of ADSL was loaded into the cell.

All of the data was fit with the NanoAnalyze Software package. The con-

centration used in the analysis of was 0.5 mg/mL. The enthalpy and scaling

factor (Aw) are dependent on both the molecular weight and the concentration

of the samples. The scaling factor is an integer value that is used to better fit

the data when the concentration or molecular weight might be slightly inaccu-

rate. It is also necessary when fitting multiple unfolding events simultaneously

as in this case.

A.3 Thermal Denaturation Modeling

The math of thermal denaturation is as follows:

∆G(T ) = ∆H(TR) +

∫ T

TR

∆CpdT− T∆S(TR)− T
∫ T

TR

∆CpdlnT (A.3.1)

If ∆Cp is temperature independent;

∆G(T ) = ∆H(TR) + ∆Cp(T − TR)− T∆S(TR)− T∆Cpln
T

TR
(A.3.2)

185



Simplifying and setting TR is equal to the melting temperature, Tm;

∆G(T ) = ∆H(Tm)− T∆S(Tm) + ∆Cp(T − Tm − T ln[
T

Tm
]) (A.3.3)

When T = Tm, ∆G = 0. This allows ∆S(Tm) to be solved in terms of ∆H(Tm)

and Tm

0 = ∆H(Tm)− Tm∆S(Tm) + ∆Cp(Tm − Tm − T ln[
Tm
Tm

]) (A.3.4)

∆S(Tm) =
∆H(Tm)

Tm
(A.3.5)

Substituting back into Equation A.3.3

∆G(T ) = ∆H(1− T

Tm
) + ∆Cp(T − Tm − T ln[

T

Tm
]) (A.3.6)

Theoretical Values Based on Chain Length

These equations use a different reference temperature so it is not an “apples

to apples” comparison. But it is interesting to see how close they may be and

can give us a general idea of what to expect for thermodynamic parameters.
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Table A.1: Thermodynamic Parameters from DSC and Predictions

Thermodynamic Experimental Tetramer Monomer
Parameter Value Prediction Prediction

∆Cp (kJ/K - mol) 30 99 25
∆H1 (kJ/mol) 535 6500 1710
∆H2 (kJ/mol) 1157 6500 1710

∆Htotal (kJ/mol) 1692 6500 1710
∆S (J/K - mol) - 21 5.6

Comparison of experimentally measured thermodynamic pa-
rameters from Differential Scanning Calorimetry and pre-
dicted thermodynamic values based on chain length

Theoretical predictions of ∆H, ∆S, and ∆Cp based on chain length:

∆H(373.5) = (3.3N + 112)kJ/mol (A.3.7a)

∆S(385) = (10.9N + 291)J/K −mol (A.3.7b)

∆Cp = (0.051N + 0.26)kJ/K −mol (A.3.7c)

A.3.1 Chemical Denaturation

Unfolding and Refolding of ADSL by Guanidine Hydrochloride

For the unfolding of ADSL, a stock solution was prepared of 1 mg/mL

protein in ESB with 0 M denaturant. The stock solution was then diluted

with ESB with denaturant concentrations, ranging from 0 to 6 M in 0.25 M

increments, for a final concentration of 0.2 mg/mL (0.9 µM). For the refolding

of ADSL, a stock solution was prepared of 1 mg/mL protein that was dialyzed

in 1 L of ESB with 6 M denaturant. The stock solution was then diluted to
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0.2 mg/mL with ESB with lower concentrations of denaturant. Samples were

allowed to equilibrate overnight before measurements were taken.

Fraction Folded by Circular Dichroism

To monitor the fraction folded, circular dichroism (CD) was used to moni-

tor α-helical secondary structure of ADSL. CD measurements were performed

on a Jasco J-815 CD spectrometer equipped with a Peltier temperature con-

trol device that maintained the sample at 25◦C. Changes in conformational

secondary structure of ADSL were monitored in the region between 210 and

230 nm of a 200 µL of the sample loaded in a 1 mm pathlength quartz cuvette.

The scanning speed, bandwidth, and data pitch were set to default values. Six

scans were taken and averaged for complete spectra. Samples containing no

ADSL protein were scanned identically and subtracted. Absorbance at 222 nm

was recorded in mdeg and changed to ME by equation [θ]= θ
10∗n∗C∗` for each con-

centration of denaturant. Baselines for completely folded and unfolded were

characterized by a linear trendline. Fraction folded curves were then produced

by

Ff =
Iexp − Iu
If − Iu

(A.3.8)

where Iu and If are the baseline intensities of the unfolded and folded signal

respectively and Iexp is the signal from the protein.
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Determining Protein State by Sedimentation Velocity

Analytical ultracentrifugation sedimentation velocity (AUC-SV) experi-

ments were conducted in a Beckman Coulter XL-I equipped with an An-Ti 50

8-place titanium rotor. Cells were filled with 440 µL of prepared samples were

placed in the rotor and equilibrated at 25 ◦C for approximately 30 min before

data acquisition. Data were recorded at 20 krpm and 25 ◦C using absorbance

optics at 280 nm scanning was performed between the radial positions of 5.8

and 7.2 cm until the sample was completely sedimented. AUC-SV runs were

performed singly.

The data were analyzed using the c(s) method of SEDFIT. For the analy-

sis, the meniscus and bottom were allowed to float with a fixed frictional ratio.

The meniscus was allow to float in a location in the vicinity of the maximum

absorbance spike. Then, the bottom and meniscus were fixed with the fric-

tional ratio allowed to float. The sedimentation coefficient range was 1-15 or

1-30 S so no partial peaks were present at the edge. A resolution was chosen

to correspond to a step size of 0.1 S. Initial fixed frictional ratios ranged from

1.2 to 2. A regularization of 0.68 was used. The buffer density and viscosity

changed with increasing denaturant concentration and ranged from 1.01648 to

1.13316 g/ml and 0.0091562 to 0.012564 cP respectively. The partial specific

volume was changed to 0.7366 cm3/g. Buffer density and viscosity as well as

the partial specific volume were calculated using SEDNTERP. Goodness of fit

was determined by the rmsd value, as well as no visible diagonal lines were

present on the residuals bitmap. To estimate the relative amount of different

states present in the samples, integration of the c(s) distributions was per-
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formed. The percentage of ADSL monomer, tetramer, and aggregation were

calculated by dividing the corresponding peak area by the sum of all peak

areas.

Figure A.1: Sedimentation Velocity graphs from analytical ultracentrifugation

Figure A.2: Sedimentation Velocity graphs from analytical ultracentrifugation
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A.3.2 Stability Modeling

Stability models were built in Mathematica.

Two State Model - No Dissociation

Clear[ChemMelt, model, bestfit, G, m, t];

SetDirectory[ ”/Users/Stephen/Documents/research/DU/

ADSLProject/Stability/ChemicalDenature”];

ChemMelt = Take[Import[”WT25ChemDenature.csv”]];

t = 298.15; (*Temperature in kelvin*)

model = (1/(1 + eG−m∗x));

bestfit = NonlinearModelFit[ChemMelt, model, G, m, x];

bestfit[”ParameterTable”, ”RSquared”]

G = 3.4;

m = 1.6;

fit = (1/(1 + eG−m∗x));

Show[ Plot[fit, x, 0, 10, PlotStyle → Black, Thickness[0.005]],

ListPlot[ChemMelt, PlotStyle → PointSize[0.012], Red],

Frame → True,

FrameStyle → Thick,

FrameTicks → 0, 1, 2, 3, 4, 5, 6, 0, 0.2, 0.4, 0.6, 0.8,1.0, , ,

FrameLabel → ”Fraction Folded”, ” ”, ”GdnHCl (M)”, ”WT M4 → 4U”,

LabelStyle → FontSize → 32,

PlotRange → 0, 6, 0, 1,

AxesOrigin → Automatic]
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Two State Model - Folded Tetramer to Unfolded Monomer

For models that require an iterative process, I was unable to figure out

how to use an iterative process without equal step size in the data, which is

the case for the raw data. Therefore, the data file WTRaw.csv, has extrapo-

lated points to fill in the spots that do not have data at certain concentrations.

SetDirectory[ ”/Users/Stephen/Documents/research/DU/

ADSLProject/Stability/ChemicalDenature”];

(*import the raw data*)

ChemMelt = Take[Import[”WTRaw.csv”]];

(*min and max values for ∆F and m value fit parameters*)

F1min = 0;

F1max = 100;

M1min = 0;

M1max = 10;

(*step size between the min and max values*)

F1incriment = 1;

M1incriment = 1;
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(*Creates an array of range of the fit parameters*)

F1 = Range[F1min, F1max, F1incriment];

M1 = Range[M1min, M1max, M1incriment];

(*calculates the number of iterations in the For loops*)

F1stop = (F1max - F1min)/F1incriment;

M1stop = (M1max - M1min)/M1incriment;

(*monomer concentration calculation*)

Subunits = 4;(*number of

monomers in the native structure*)

MonomerMolecularWeight = 228000/Subunits;(*native molecular weight in

Daltons*)

mgmL = 0.2;(*concentration of protein in mg/ml*)

Concentration = mgmL/MonomerMolecularWeight;(*sample concentration in

M

(*Concentration=1.3*10−6;(*If protein concentration was already in Molarity,

comment out the previous and just use this*)*)

(*min, max, and step size for denaturant concentration*)

dmin = 0;

dmax = 5.2;
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dincriment = 0.2;

dstop = (dmax - dmin)/dincriment + 1;

(*starting value for if statement to keep track of variance values*)

o = 0;

Γ = 20;

For[i = 0, i ≤ F1stop,

For[j = 0, j ≤ M1stop,

Do[If[o ≤ dstop - 1, o++, o = 1],

t = NSolve[Concentration == 4*mon4*E(F1[[i]]−M1[[j]]∗d) + mon && mon > 0,

mon, Reals],

p = (4*(mon /. t)4*E(F1[[i]]−M1[[j]]∗d))/(Concentration),

Subscript[v, o] = (ChemMelt[[o, 2]] - p)2 ,

d, dmin, dmax, dincriment],

χ = Sum[Subscript[v, q], q, 1, dstop],

If[χ[[1]] ¡ Γ, Γ = χ[[1]], Print[Γ, F1[[i]], M1[[j]], ”best”], Γ]

, j++],

i++]

TimeUsed[]
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Three State Model - Folded Tetramer to Folded Monomer to Un-

folded Monomer

SetDirectory[”/Users/Stephen/Documents/research/DU/

ADSLProject/Stability/ChemicalDenature”];

(*import the raw data*)

ChemMelt = Take[Import[”WTRaw.csv”]];

(*min and max values for ∆F and m value fit parameters*)

F1min = 45;

F1max = 60;

M1min = 7;

M1max = 17;

F2min = 3.1;

F2max = 3.1;

M2min = 1.5;

M2max = 1.5;

(*step size between the min and max values*)

F1incriment = 0.1;
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M1incriment = 0.1;

F2incriment = 0.1;

M2incriment = 0.1;

(*Creates an array of range of the fit parameters*)

F1 = Range[F1min, F1max, F1incriment];

M1 = Range[M1min, M1max, M1incriment];

F2 = Range[F2min, F2max, F2incriment];

M2 = Range[M2min, M2max, M2incriment];

(*calculates the number of iterations in the For loops*)

F1stop = (F1max - F1min)/F1incriment;

M1stop = (M1max - M1min)/M1incriment;

F2stop = (F2max - F2min)/F2incriment;
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M2stop = (M2max - M2min)/M2incriment;

(*monomer concentration calculation*)

Subunits = 4;(*number of monomers in the native structure*)

MonomerMolecularWeight =228000/Subunits;(*native molecular weight in Dal-

tons*)

mgmL = 0.2;(*concentration of protein in mg/ml*)

Concentration = mgmL/MonomerMolecularWeight;(*sample concentration in

M*)

(*Concentration=1.3*10−6;(*If protein concentration was already in Molarity,

comment out the previous and just use this*)*)

(*min, max, and step size for denaturant concentration*)

dmin = 0;

dmax = 5.2;

dincriment = 0.2;

dstop = (dmax - dmin)/dincriment + 1;

(*starting value for if statement to keep track of variance values*)

o = 0;

Γ = 20;

197



For[i = 0, i ≤ F1stop,

For[j = 0, j ≤ M1stop,

For[k = 0, k ≤ F2stop,

For[l = 0, l ≤ M2stop,

Do[If[o ≤ dstop - 1, o++, o = 1],

t = NSolve[Concentration == (4*mon4*E(F1[[i]]−M1[[j]]∗d)) + mon

+ (mon*E−(F2[[k]]−M2[[l]]∗d)) && mon > 0, mon, Reals],

p = (4*(mon /. t)4*E(F1[[i]]−M1[[j]]∗d) + (mon /. t))/(Concentration),

Subscript[v, o] = (ChemMelt[[o, 2]] - p)2,

d, dmin, dmax, dincriment],(*end Do loop*)

χ =Sum[Subscript[v, q], q, 1, dstop],

If[χ[[1]] ¡ Γ, Γ = χ[[1]],

Print[Γ, F1[[i]], M1[[j]], F2[[k]],

M2[[l]]], Γ]

, l++](*end M2 (l) For loop*),

k++](*end F2 (k) For loop*)

, j++],(*end M1 (j) For loop*)

i++](*end F1 (i) For loop*)

TimeUsed[]

Three State Best Fit

After running the brute force code, I would use this one to see what the fit

looked like using the actual data file.
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SetDirectory[”/Users/Stephen/Documents/research/DU/

ADSLProject/Stability/ChemicalDenature”];

ChemMelt = Take[Import[”WTRaw1.csv”]];

(*monomer concentration calculation*)

Subunits = 4;(*number of monomers in the native structure*)

MonomerMolecularWeight = 228000/ Subunits;(*native molecular weight in

Daltons*)

mgmL = 0.2;(*concentration of protein in mg/ml*)

Concentration = mgmL/MonomerMolecularWeight;(*sample concentration in

M*)

F1 = 65;

M1 = 23;

F2 = 3.1;

M2 = 1.5;

dmin = 0;

dmax = 6;
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dincriment = 0.05;

dstop = (dmax - dmin)/dincriment + 1;

o = 0;

Do[If[o ≤ dstop - 1, o++, o = 1],

t = NSolve[ Concentration == 4*mon4*E(F1−M1∗d) + mon + mon*E−(F2−M2∗d)

&& mon > 0, mon, Reals],

p = (4*(mon /. t)4*E(F1−M1∗d) + (mon /. t))/(Concentration),

Subscript[a, o] = Flatten[d, p],

d, dmin, dmax, dincriment]

Show[ListPlot[ChemMelt, PlotStyle → PointSize[0.012], Red],

ListLinePlot[Table[Subscript[a, z], z, dstop],

PlotStyle → Black, Thickness[0.005]],

Frame → True,

FrameStyle → Thick,

FrameTicks → 0, 1, 2, 3, 4, 5, 6, 0, 0.2, 0.4, 0.6, 0.8, 1.0, , ,

FrameLabel → ”Fraction Folded”, ” ”, ”GdnHCl (M)”, ”WT M4 → 4M →

4U”,

LabelStyle → FontSize → 32,

PlotRange → 0, 6, 0, 1,

AxesOrigin → Automatic]

200



Prediction Fraction of Tetramer and Monomer for Three State Model

(*monomer concentration calculation*)

Subunits = 4;(*number of monomers in the native structure*)

MonomerMolecularWeight = 228000/Subunits;(*native molecular weight in

Daltons*)

mgmL = 0.2;(*concentration of protein in mg/ml*)

Concentration = mgmL/MonomerMolecularWeight;(*sample concentration in

M*)

F1 = 50.8;

M1 = 12;

F2 = 3.1;

M2 = 1.5;

d = 0;

t = NSolve[ Concentration == 4*mon4*E(F1−M1∗d) + mon + mon*E−(F2−M2∗d)

&& mon > 0, mon, Reals];

tetfrac = (4*(mon /. t)4*E(F1−M1∗d))/(Concentration) monfrac = ((mon /. t)

+ ((mon /. t)*E−(F2−M2∗d)))/(Concentration)
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Hydrodynamic Radius Prediction for Three State Model

r = 2.8; (*Wilkins hyd. radius for folded*)

R = 6.02; (*Experimental hyd. radius for unfolded*)

SetDirectory[”/Users/Stephen/Documents/research/DU/

ADSLProject/Stability/ChemicalDenature”];

Radius = Take[Import[”HydRadiusAUC.csv”]];

(*monomer concentration calculation*)

Subunits = 4;(*number of monomers in the native structure*)

MonomerMolecularWeight = 228000/ Subunits;(*native molecular weight in

Daltons*)

mgmL = 0.2;(*concentration of protein in mg/ml*)

Concentration = mgmL/MonomerMolecularWeight;(*sample concentration in

M*)

F1 = 50.8;

M1 = 12;

F2 = 3.1;
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M2 = 1.5;

dmin = 0.9;

dmax = 6;

dincriment = 0.05;

dstop = (dmax - dmin)/dincriment + 1;

o = 0;

Do[If[o ≤ dstop - 1, o++, o = 1],

t = NSolve[ Concentration == 4*mon4*E(F1−M1∗d) + mon + mon*E−(F2−M2∗d)

&& mon > 0, mon, Reals],

p = ((mon /. t))/((mon /. t) + (mon /. t)*E−(F2−M2∗d)),

P = ((mon /. t)* E−(F2−M2∗d))/((mon /. t) + (mon /. t)*E−(F2−M2∗d)),

Subscript[R, avg] = ((r*p) + (R*P))/(P + p),

Subscript[a, o] = Flatten[d, Subscript[R, avg]] ,

d, dmin, dmax, dincriment]

Show[

ListLinePlot[Table[Subscript[a, z], z, dstop],

PlotStyle → Black, Thickness[0.005]],

ListPlot[Radius, PlotStyle → PointSize[0.02], Red],

Frame → True,

FrameStyle → Thick,
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FrameTicks → 0, 1, 2, 3, 4, 5, 6, 0, 2, 3, 4, 5, 6, 7, , ,

FrameLabel → ”Rh (nm)”, ” ”, ”GdnHCl (M)”, ”WT M4 → 4M → 4U”,

LabelStyle → FontSize → 32,

PlotRange → 1, 5, 2, 6.5,

AxesOrigin → Automatic]

A.3.3 Isothermal Titration Calorimetry

ITC experiments were conducted using a NANO-ITC system (TA Instru-

ments, Utah, USA). Thrombin cleaved WT ADSL was dialyzed overnight

against a solution of 25 mM HEPES pH 7.0, 150 mM KCl, and 2 mM DTT.

AMP was brought to a concentration of 2.5 mM using the buffer in which WT

ADSL was dialyzed. ITC runs of WT ADSL with AMP were performed in

duplicate and comprised of one 1 µl injection followed by 24, 2 µl injections

for a total of 25 injections of 2.5 mM AMP into 0.250 mM WT ADSL. Each

injection was spaced 250 seconds apart. ITC experiments were performed in

an identical method, injecting AICAR instead of AMP into 0.225 mM WT

ADSL. In addition, AMP and AICAR were titrated in an equal manner into

0.280 mM R303C ADSL. Data sets were analyzed with NanoAnalyze software

and fit to an independent model concurrently with a blank constant model to

adjust for heat of dilution.
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Appendix B

Detailed Lab Protocol

B.1 Fabricating and Purifying Proteins

B.1.1 Day to Day Details

Day 1 - Estimated Time = 4 hours

1) Checks amount of buffer solution. If not enough see buffer page on how to

make more. Will need 1 L Lysis Buffer, ∼2 L Enzyme Storage Buffer, 1 M

Imidazole stock.

2) Make 1.5 L of LB per mutation to grow cultures in, see solutions page for

recipe.

3) Autoclave LB to sterilize using L8 cycle. Make sure to cover flasks with Al

foil and mark with autoclave tape. Autoclave takes 1.5 hours.

4) Once cycle is finished, load in incubator at 37oC. If incubator is being used,

cool LB first so you will not to kill cultures in incubator. Make 5 - 10 mL

fresh 34Cm and 100Ap during autoclave or take some from the - 50 C freezer
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to thaw. Best to make fresh.

5) Make 2 overnight cultures in 13 mL falcon tube.

Label with date, WT or mutation, initials.

Fill test tube with 5 mL LB and 5 µL of 34Cm and 100Ap. Aloquot and freeze

34Cm and 100Ap to use tomorrow

Find desired ADSL clone in -80oC freezer. See chart below.

Use yellow pipet tip to scoop out ADSL and place in test tube. It is also

optional to streak colonies of the mutant a day or two in advance.

Put into shaker @ 37oC for overnight.

6) Check Ni purifying column. If it does not look ok or if purifying a new

mutant, proceed to step 7.

7) To make a new column...

Cut off the top of 25 mL pipet, and put glass wool in the pipet to support

the resin (just add enough to where the resin won’t leak through). Ni-NTA

His bind resin from deli fridge. Suspend Ni resin gently and add ∼24 mL to

the pipet. Let it settle. Run about 50 mL Lysis buffer through column, label

with date and mutant it will be used for, and store in deli fridge. To store the

column, plug tip and leave 3 mL buffer on top of the resin.
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ADSL Type Location

WT A-9

R426H B-8

E80D C-8

D87E C-9

A291V B-7

R303C B-6

M225T Not Made

Day 2 - Estimated Time = 6 hours

1) Thaw 34Cm and 100Ap, make sure you have enough for .5 mL per flask.

Check temp of both incubators, they should be 37oC.

2) Label each flask as Control, A, B, C

Add .5 mL 34Cm and 100Ap, then 2 mL of overnight culture for 1:250 dilution

to each flask.

3) Put into shaker @ 37oC, 250 rpm, and record time or start timer

4) Measure OD @ λ = 600 using UV-VIS with 1 mL samples from each flask

(this measures the bacteria growth rate).

Use OD print out sheet to record data

5) Make 5 mL fresh IPTG.

6) Once OD is between .4 and .6 (aim for .5), induce 2 of the 3 flasks with 2

mL 100 mM IPTG.

Immediately turn off the shaker incubator and grow overnight
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Best to take a reading at 2 and 3 hours to get an idea of how fast the protein

is growing.

Day 3 - Estimated Time = 5 hours

1) Get water bath of 37 - 50 oC ready for Freeze-Thaw cycle. Get out DNase

and RNase from freezer to thaw.

2) Take 1 mL sample of each ADSL type and put in labeled eppie.

Will need to eventually spin down in mini-centrifuge in deli fridge, discard

supe, and freeze.

3) Get out 2 nalgene bottles per flask to pour remaining culture in.

Use wet pellet table to record empty bottle weights, then pour about 250 mL

in each bottle. Make sure the weights are within one gram of each other for

centrifugation.

4) Spin remaining culture down @ 4000 rpm in GSA rotor in the Sorvall RC-5

for 10-15 min. to pellet cells.

Colman reported a wet cell pellet of ∼ 3.7 g per 2 L cell culture

Decontaminate flasks with 10% bleach.

5) Save 200 µL supe in eppie, store in -50 C freezer and discard rest

Record weight of bottle and pellet to get pellet weight

6) Add 10 times the weight of the pellet of Lysis buffer (mL). Add 1 µg DNase

and 10 µg RNase per mL Lysis buffer added. If needed add 45 - 60 KU

lysozyme per gram wet pellet. Easy way to do this is to add the total amount

of Lysis Buffer to one bottle, resuspend pellet, and pour solution into the next

bottle of the same type of ADSL until done. DO NOT MIX DIFFERENT
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MUTANTS OR WT if purifying more than one ADSL.

7) Begin Freeze-Thaw cycle of 1 hour in -80oC freezer folowed by 10 - 15 min

in 37 - 50oC water bath.

Repeat cycle 3 times.

Leave in -80oC freezer over night. This is a potentially good break point if get

busy and can’t continue the next few days.

8) During Freeze-Thaw, make SDS-PAGE gels for diagnotic tests.

Expect ADSL monomer band at 55 kDa

See SDS-PAGE gel protocol for making gels.

9) Prep the fraction collector by loading with glass tubes. Number the tubes

with permanent marker and put 400 µL (10% total volume of fraction) of

ADSL Storage buffer with 10 mM DTT in each test tube, cover with seran

wrap and leave on counter overnight.
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Day 4 - Estimated Time = 14 - 16 hours. Bring Reading Material

1) Set water bath to 37oC if it is not already there.

Thaw lysate in -80oC freezer in 37oC water bath once it is up to temp.

2) Start washing column with Lysis Buffer

Want to flow ∼ 100 mL through before loading ADSL.

3) Once Lysate is thawed, spin for 30 min @ 12,000 (23,500 x g) rpm in GSA

rotor in Sorvall RC-5. Make sure to use the “hard” plastic nalgene bottles

because the other ones cave in from the high rpms.

4) Make 20 and 250 mM Imidazole solutions of 400 and 160 mL total volume

respectively.

5) Retrieve Lysate, pour supe into 50 mL conical tube(s). Weigh the bottles

containing cell debris and calculate percent lysis.

May want to filter ADSL supe using 4 x 4 gauze by PAGE Gel solutions.

6) Start loading column with ADSL

Once you start loading the column, IT CANNOT RUN DRY!

Save at least 200 µL of Flow through in 50 mL conical. Probably want to do

this sometime after half of ADSL has been loaded on the column.

7) Flow 200 mL Lysis Buffer though the column.

Catch at least 200 µL of flow through in 50 mL conical tube labeled Wash

Buffer 1. Catching flow through is optional, but it is always good practice just

in case purification does not work so you can trace back to where you “lost”

the protein.

8) Flow 200 mL Lysis Buffer with 20 mM Imidazole though the column.

Catch at least 200 µL of flow through in 50 mL conical tube labeled Wash
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Buffer 2.

9) Once the last 20 mL is put into the pipet, prepare column gradient.

• stirring plate

• smallest stirring rod

• large column gradient

• Lysis Buffer, Lysis Buffer with 20 mM Imidazole, Lysis Buffer with 250 mM

Imidazole

• fraction collector

Make sure the out-take tube is pinched shut and the valve connecting the inner

and outer cylinders is open.

Place the smallest stir bar in the inner cylinder and pour 150 mL 20 mM Im-

idazole into the inner cylinder and 150 mL 250 mM Imidazole into the outer

cylinder.

Once there is enough room to start the column gradient, open the out-put

tube slowly. Adjust the input into the pipet so it is equals the output. Put on

the connecting tube from the pipet to the fraction collector.

10) Once the column gradient is started, put the start the fraction collector

and start collecting 4 mL fractions. You will need to time out 4 mL for the

fraction collector timing.

11) Speed of output usually increases with time. May need to check on it every

half hour to hour. Once fraction 45 or 50 has been collected, equilibrate the

flow and you should be ok to leave because unless you started at 6 am, it is

going to be late.
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Day 5 - Estimated Time = 6 hours

1) Run bulk Bio-Rad without the standard to find peak of ADSL (see concen-

tration protocol).

2) Get out resin column and run 200 mL Lysis buffer with 250 mM Imidazole

to elute any proteins left on the Ni.

Then run 200 mL of plain Lysis buffer through the resin and store in deli

fridge.

3) Run SDS-Page Gel.

See SDS-PAGE Gel protocol.

4) Stain SDS-Page Gel overnight with Commassie Blue Staining solution.

Day 6 - Estimated Time = 4 hours

1) Destain gel and take photo.

2) If data looks good, take the fractions and start filter/buffer swap sequence

All spins are for 15 min at 4,000 rpm at room temp.

Get 2 out 10,000 kDa Amni-con filters per ADSL type and spin with 3 mL

Storage Buffer

Load ADSL fractions 10 mL at a time. This may require more than one spin.

Keep retentate, dump filtrate.

Add 10 mL of Storage Buffer and spin. Do this 3 times.

Extract ADSL via pipet into 15 mL conical tube. Rinse membrane with 3 mL

Storage Buffer and place in respective conical tube.

If protein is not quite soluble, add about 1 mL Storage Buffer
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3) Soak ∼6 in of 6-8 kDa dialysing membrane per conical tube in dH2O for 30

min.

4) After soaking, load ADSL in membrane and dialyze in 1 L of Storage Buffer

overnight.

Day 7 - Estimated Time = 5 hours

1) Put dialyzed ADSL into 15 mL conical tubes. Put 1 mL into eppie to

check concentration.

2) Check concentration with E 1% (see concentration protocol).

3) Check linearity (see kinetics protocol).

4) Protein is good for ∼3 weeks on the counter. Best to do all experiments as

soon as possible. Freeze leftover for experiments down the line.

5) ALL DONE WITH PROCESS!.
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B.1.3 Culture Solutions

LB

pH to 7.0

Volume (mL) yeast (g) peptone (g) NaCl (g)

500 2.5 5 5

1000 5 10 10

1500 7.5 15 15

100 mM IPTG - Isopropl β-D-1-thiogalactopyranoside

Stuff that begins the over-expression of protein

IPTG (mg) dH2O (mL)

238 10

Antibiotics

34Cm - Chloramphenicol

34 mg/mL solution in 70% ethanol

Store in eppies in -50 C freezer

Cm (mg) 70% Ethanol (mL)

170 5

340 10
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100Amp - Ampicillin Sodium Salt

100 mg/mL solution in dH2O

Store in eppies in -50 C freezer

Ap (g) dH2O (mL)

.5 5

1 10

B.1.4 Extra Solutions

DNase I

Dilute to 1 mg/mL with ADSL lysis buffer in bottle it came in. Store in -50

C freezer.

RNase A

Dilute to 10 mg/mL with ADSL lysis buffer in bottle it came in. Store in -50

C freezer.

0.5 M EDTA

Tricky to make. Dissolve given amount of EDTA with dH2O (half total vol-

ume) first. Then add about 20 g NaOH per liter solution. Top off with dH2O

and adjust pH, aim for 8.0.
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Volume (mL) EDTA (g) NaOH (g)

500 93.05 10

1000 186.1 20

1 M DTT - Dithiothreitol

DTT (g) dH2O (mL)

1.54 10

B.2 Fabricating and Running SDS-Page Gels

B.2.1 Step by Step Instructions

Wear gloves while making and pouring gels and will need a camera

to take a photo of the resulting gel.

1) Compose gel molding device

Need

• large glass slide (check for previous gel residues)

• two spacers

• white divider

• white comb

• two large paper clamps

Make sure the mold is flush with the table!

2) Seal bottom of mold with agarose by pouring a straight line of agarose and
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placing the mold on top. Continue to seal with more agarose. Make sure the

white divider is on the right side when placing the mold on agarose.

3) Get out 10% Ammonium Persulfate to thaw or make fresh.

Mark glass with permanent marker at the same height as the top of the black

paper clamp.

4) Start mixing 12% resolving gel.

Using a transfer pipet, carefully run the resolving gel down one side of the

mold. Continue adding until the gel has reached the mark at the top of the

paper clamp. You may need to refill once or twice up to the mark.

Once completed, top off with .1% SDS of dH2O to prevent oxidation. Let gel

polymerize for 30 min. Save excess gel in designated flask.

Note: The max amount you want to make at one time is 15 mL for two gels.

Otherwise the gel polymerizes before you can pour a third.

5) As the resolving gel cures, start making mixing the 5% stacking gel without

TEMED.

6) After 30 min. gently rinse out the gel mold with dH2O. Will need to use

filter paper to soak up the excess water.

7) Place comb partially in one corner of the mold, leaving one side to pour

stacking gel.

8) Mix in TEMED, swirl around the solution and top off the gel mold. Smoothly

place comb into gel. If you do this carelessly, bubbles will form in the lanes.

The stacking gel takes 20 minutes to cure.

9) If do not need until gels until later: Wrap each mold in paper towels soaked

in 1 x Tris Glycine, then in seran wrap, and store in deli fridge overnight. On

day you need the gels, bring up to room temp before moving on.
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10) Get out SDS-Page Gel contraption and partially fill with 1 x Tris Glycine

Electrophoresis Buffer.

11) Place gels in the contraption securing it with the red clamps and mark the

center of the wells. It is easiest to do this with the comb still in. Then gently

take the comb out. Fill in wells with 1 x Tris Glycine Electrophoresis Buffer.

12) Start heating up the incubator and take out protein standards to thaw.

Fill eppies with 25 µL of SDS Buffer and 5 µL of the sample. Boil in water

bath for 3 min. Afterwards spin them down for 20 sec. May need to add 1 M

DTT (about 50 µL to SDS buffer.

13) Load outer wells with 10 µL of denatured standard. Load rest of lanes

with 10 µL of sample. Be sure to label in note book what sample goes in what

lane.

14) Let gel sit for ∼5 min after loading lanes. Then put on cover and attached

to voltage supply. Set voltage to 45 Volts. It takes ∼50 min for protein to run

through the stacking gel.

15) When protein has reached resolving gel, top off buffer in inner cavity if

needed. Crank voltage up to 80 Volts. It takes ∼1.5 hours to run through the

resolving gel. Make sure the protein runs all the way off the gel.

16) Carefully dismantle the gel apparatus, pry open the gel plates with a razor,

discard the stacking gel, cut the corner off of the top left and/or bottom left of

the resolving gel, remove the gel and place it in commassie blue stain solution.

Cover with seran wrap and place on teter-table set @ 3-4 overnight.

Note: Commassie blue staining solution is reusable up to 5 times.

Note: If do not want to wait overnight, stain for minimum of 2 hours.

17) Save what stain you can by pouring it into the beaker and mark that it
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has been used. Use a kimwipe to soak up extra stain. Set kimwipes in corners

to soak up destainer, put in enough destainer to cover the gel(s), recover with

seran wrap and put back on teter-table. Process takes ∼1.5 hours. You do

not want to destain to go too far, otherwise, you will not see any bands and

will have to restain. Check every 30 min.

18) Set on projector and take a picture.

19) Wrap in seran wrap, label with tape, and store in the deli fridge.
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B.2.2 Buffers & Gel Solutions

6% Resolving Gel

Component Volumes (mL)

Solution Components 5 mL 10 mL 15 mL 20 mL

dH2O 2.6 5.3 7.9 10.6

30% Acrylamide Mix 1.0 2.0 3.0 4.0

1.5 M Tris (pH 8.8) 1.3 2.5 3.8 5.0

10% SDS 0.05 0.1 0.15 0.2

10% Ammonium Persulfate 0.05 0.1 0.15 0.2

TEMED 0.004 0.008 0.012 0.016

8% Resolving Gel

Component Volumes (mL)

Solution Components 5 mL 10 mL 15 mL 20 mL

dH2O 2.3 4.6 6.9 9.3

30% Acrylamide Mix 1.3 2.7 4.0 5.3

1.5 M Tris (pH 8.8) 1.3 2.5 3.8 5.0

10% SDS 0.05 0.1 0.15 0.2

10% Ammonium Persulfate 0.05 0.1 0.15 0.2

TEMED 0.003 0.006 0.009 0.012
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10% Resolving Gel

Component Volumes (mL)

Solution Components 5 mL 10 mL 15 mL 20 mL

dH2O 1.9 4.0 5.9 7.9

30% Acrylamide Mix 1.7 3.3 5.0 6.7

1.5 M Tris (pH 8.8) 1.3 2.5 3.8 5.0

10% SDS 0.05 0.1 0.15 0.2

10% Ammonium Persulfate 0.05 0.1 0.15 0.2

TEMED 0.002 0.004 0.006 0.008

12% Resolving Gel - used for hADSL Gels

Component Volumes (mL)

Solution Components 5 mL 10 mL 15 mL 20 mL

dH2O 1.6 3.3 4.9 6.6

30% Acrylamide Mix 2.0 4.0 6.0 8.0

1.5 M Tris (pH 8.8) 1.3 2.5 3.8 5.0

10% SDS 0.05 0.1 0.15 0.2

10% Ammonium Persulfate 0.05 0.1 0.15 0.2

TEMED 0.002 0.004 0.006 0.008
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15% Resolving Gel

Component Volumes (mL)

Solution Components 5 mL 10 mL 15 mL 20 mL

dH2O 1.1 2.3 3.4 4.6

30% Acrylamide Mix 2.5 5.0 7.5 10.0

1.5 M Tris (pH 8.8) 1.3 2.5 3.8 5.0

10% SDS 0.05 0.1 0.15 0.2

10% Ammonium Persulfate 0.05 0.1 0.15 0.2

TEMED 0.002 0.004 0.006 0.008

5% Stacking Gel

Component Volumes (mL)

Solution Components 1 mL 2 mL 3 mL 4 mL

dH2O 0.68 1.4 2.1 2.7

30% Acrylamide Mix 0.17 0.33 0.5 0.67

1.0 M Tris (pH 6.8) 0.13 0.25 0.38 0.5

10% SDS 0.01 .02 0.03 0.04

10% Ammonium Persulfate 0.01 .02 0.03 0.04

TEMED 0.001 .002 0.003 0.004
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Destaining Solution

MetOH:dH2O (1:1 v/v) (mL) Glacial Acetic Acid (mL)

90 10

180 20

10% Ammonium Persulfate

dH2O (mL) Ammonium Persulfate (g)

10 1

Agarose Bed (2% Gel)

Bed for making SDS page gels

dH2O Agarose (g)

50 1

100 2

B.3 Enzyme Kinetics

B.3.1 Linearity

Need

• 200 µL and 10 µL pipets and tips
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• 200 µL quartz cuvettes

• Range of .1, .2, .3, .4, .5 µg /mL ADSL

• 60 µM S-AMP, best to make fresh solution from 600 µM stock.

• 50 mM HEPES

• notebook and writing utensil

To check the linearity of the protein, run kinetics for 2 to 3 samples of each

ADSL dilution (see protocol below). Record change in absorbance over 1 min

period and in your lab notebook. Then transcribe the numbers into the ADSL

Characterization excel spread sheet for that mutant under the tab “Linearity”.

You should end up with a linear line. Print out graph and place in binder.

1) Make sure you have enough 60 µM S-AMP for at least 10 runs. Gather all

the needed materials and go to room 254 (Margittai and Pegan’s Lab or Dr.

Verl’s lab to use the Thermo UV Spec) and use the Varian UV/Vis Spec.

2) Turn on the Spec.

3) Open up software “kinetics” located in Cary folder on desktop.

4) Open up the method in Patterson folder for bulk runs.

5) Wash cuvettes 20 times prior to using.

6) Blank the spec with 50 mM HEPES. Keep for quality check run at beginning

and end of experiment.

8) Start run, save data in Patterson Lab folder, name data set (date, type,

linearity, ie: 042510 WT Linearity), press start until 2 min countdown starts.

9) Fill cuvette with 200 µL substrate.

10) Inject 2 µL of ADSL into the cuvette, pump once or twice, shake cuvette
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3 - 5 times to mix and place in the UV spec (cell #1 if using the cell changer),

make sure you press the cuvette all the way down. Close the chamber and

press enter for the reading to start.

11) While the sample is reading, wash any previously used cuvette.

12) Linear regression data should show up. Record the slope in notebook.

13) Remove sample (may have to use cuvette remover if cell changer platform

is in spec).

14) The next sample run will pop up on the screen.

15) Repeat steps 9 - 13 until finished.

B.3.2 Running Enzyme Kinetics

• 200 µL and 10 µL pipets and tips

• 200 µL quartz cuvettes

• ∼250 µg /mL ADSL

• 1 mL of 1, 2, 3, 4, 6, 7.5, and 10 µM S-AMP and/or SAICAR in 50 mM

HEPES

• 50 mM HEPES

• parafilm

• notebook and writing utensil

• USB

To check the kinetic behavior (cooperativity, K0.5) of ADSL toward either S-

AMP or SAICAR, run 3 samples of each S-AMP or SAICAR dilution (see

protocol below). Because the graph will not be linear over one minute, the

analysis of Vo is more complicated. Raw data will need to be saved individually

232



as a .csv file and uploaded on Mathematica “Hill Plot Template”. Instructions

for uploading data onto the template are written in the mathematica file.

1) Make sure you have enough substrate for at least 3 runs each. Gather all

the needed materials and go to room 254 (Margittai and Pegan’s Lab or Dr.

Verl’s lab to use the Thermo UV Spec) and use the Varian UV/Vis Spec.

2) Turn on the Spec. If doing thermal stability, make sure cell changer is in

place and turn on temp control.

3) Open up software “kinetics” located in Cary folder on Desktop.

4) Open up the method in Patterson folder for single runs. This automatically

saves data in .csv form.

5) Wash cuvettes 20 times prior to running an experiment.

6) Blank the spec with 50 mM HEPES.

8) Start run, save data in Patterson Lab folder, name sample (date, type,

substrate, concentration, run ie:122510WTSAMP1i), press start until 2 min

countdown starts.

9) Fill cuvette with 200 µL substrate.

10) Inject 2 µL of ADSL into the cuvette, pump once or twice, shake cuvette

3 - 5 times to mix and place in the UV spec (cell #1 if using the cell changer),

make sure you press the cuvette all the way down. Close the chamber and

press enter for the reading to start.

11) While the sample is reading, wash any previously used cuvette.

12) Remove sample (may have to use cuvette remover if cell changer platform

is in spec).

13) Repeat steps 8 - 12 until finished.

233



14) Save data on USB drive and then start transferring data to mathematica

template.

B.3.3 Mathematica Templates

Calculating Vo

(*User input, sets the directory*)

SetDirectory[”/Users/Stephen/Documents/research/DU/ADSLProject/

ADSLkineticsdata/012512/SAMP”];

(*User input*)

concentration = 0.15;(*concentration of enzyme used in experiment in mg/mL.*)

injvol = .01;(*Volume of injected enzyme for .2 and 1 mL substrate volumes.*)

mg = concentration*injvol;(*Amount of milligrams enzyme used during ex-

periment for .2 and 1 mL substrate volumes.*)

mL = 1;(*Substrate volume used for 60 micromolar concentraion to preserve

sample. This produces data identical to 1 mL samples*)

[Epsilon] = 10000;(*Extinction coefficient (ε) in M−1 cm−1*)
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start = 9;(*the cell in the csv file that the data starts in*)

freq = 460; (*number of data points taken in 1 minute - 60 divided by time

interval in seconds*)

n = 3; (*Number of trials per concentration*)

1 µM SAMP

Trial 1

Clear[data,datum,a,b,∆A,lastpoint,V1,V2,V3]

data=Take[Import[”012512RHSAMP1i.csv”],start,.5*freq];

ListPlot[data]

lastpoint=.1;

datum= Take[data,1,lastpoint*freq];

a=LinearModelFit[datum,x,x];

a[”ParameterTable”,”RSquared”]

b=Plot[a[x],x,0,lastpoint];

Show[ListPlot[datum],b]

∆A=(a[0]-a[lastpoint])*(1/lastpoint);
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V1=(∆A*mL)/(ε*1000*mg)

Trial 2

data=Take[Import[”012512RHSAMP1ii.csv”],start,.5*freq];

ListPlot[data]

lastpoint=.1;

datum= Take[data,1,lastpoint*freq];

a=LinearModelFit[datum,x,x];

a[”ParameterTable”,”RSquared”]

b=Plot[a[x],x,0,lastpoint];

Show[ListPlot[datum],b]

∆A=(a[0]-a[lastpoint])*(1/lastpoint);

V2=(∆A*mL)/(ε*1000*mg)

Trial 3

data=Take[Import[”012512RHSAMP1iii.csv”],start,.5*freq];

ListPlot[data]

lastpoint=.1;

datum= Take[data,1,lastpoint*freq];

a=LinearModelFit[datum,x,x];

a[”ParameterTable”,”RSquared”]
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b=Plot[a[x],x,0,lastpoint];

Show[ListPlot[datum],b]

∆A=(a[0]-a[lastpoint])*(1/lastpoint);

V3=(∆A*mL)/(ε*1000*mg)

Average Subscript[V, 0]

Mean[V1,V2,V3]

StandardDeviation[V1,V2,V3]

SE= %/
√
n

B.3.4 Creating the Hill Plot

Clear[activity,model,bestfit,Hill,V,k,n];

(*Add on package that the fit needs*)

Needs[”PlotLegends‘”]

Needs[”ErrorBarPlots‘”]

(*User input; put in data from KineticsVoTemplate.nb*)

activity=1,1.49,2,4.26,3,4.73,4,5.60,6,6.23,7.5,6.49,10,5.61,60,6.52;

(*Model to fit Hill Plot*)

model=((V*xn)/(kn+xn));
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(*User input; The fit is sensitive to to the max hill coefficient. If it is too high,

it won’t fit properly. So you will need to adjust the number accordingly*)

Hill=8;

(*Creates a best fit*)

bestfit=NonlinearModelFit[activity,model,V≥0,k≥0,Hill≥n≥0,V,k,n,x];

(*Creates a table of V, k, and n with standard error*)

bestfit[”ParameterTable”,”RSquared”]

(*User input; put in numbers from the above tables, V is max activity in

µmol/min/mg, k is suppose to be K0.5 in units of micromols, but it doesn’t

work out that way so have to solve for that seperately, n is the Hill Coefficient.

*)

Vmax=6.31158;

k=1.59736;

n=2.28658;

(*Defines the Hill equation with the above numbers*)

fit=((Vmax*Sn)/(kn+Sn));

(*Solves for K0.5, concentration where half the Vmax is reached, which is de-

fined as S in the above equation b/c K0.5 wouldn’t work as a parameter*)

sol=Solve[fit==Vmax/2,S];
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(*Renames the answer to previous equation, the 10−6 explicitly puts answer

in micromols*)

K0.5=(S/.sol[[1]])*10−6;

(*Gives all the parameters from the Hill Equation*)

Vmax,K0.5,n

(*Standard Deviations of average Subscript[v, 0]*)

error1=ErrorBar[0.07];

error2=ErrorBar[0.13];

error3=ErrorBar[0.04];

error4=ErrorBar[0.25];

error6=ErrorBar[0.11];

error8=ErrorBar[0.09];

error10=ErrorBar[0.05];

error60=ErrorBar[0.05];

(*Creates a list plot from the activity data. Will have to input Subscript[V,

0] again*)

data=ErrorListPlot[1,1.49,error1,

2,4.26,error2,

3,4.73,error3,

4,5.60,error4,

6,6.23,error6,

7.5,6.49,error8,

10,5.61,error10,
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60,6.52,error60,

PlotStyle-¿Thickness[0.005],PointSize[0.012],Orange];

(*Plots the activity data and the best Hill fit together*)

Show[

Plot[fit,S,0,10,PlotStyle→Black,Thickness[0.005]],

Plot[fit,S,0,60,PlotStyle→Black,Thickness[0.005]],

data,

ListPlot[activity,PlotStyle→PointSize[0.012],Red],

Frame→True,

FrameStyle→Thick,

FrameTicks→0,10,20,30,40,50,60,0,1,3,5,7,,,

FrameLabel→”Specific Activity (µmol/min/mg)”,” ”,”SAICAR (µM)”,” ”,

LabelStyle→FontSize-¿32,

PlotRange→0,60,0,7,

AxesOrigin→Automatic]

Show[

Plot[fit,S,0,10,PlotStyle→Black,Thickness[0.005]],

data,

ListPlot[activity,PlotStyle→PointSize[0.012],Red],

Frame→True,

FrameStyle→Thick,

FrameTicks→0,10,20,30,40,50,60,0,1,3,5,7,,,

FrameLabel→”Specific Activity (µmol/min/mg)”,” ”,”SAICAR (µM)”,” ”,
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LabelStyle→FontSize→32,

PlotRange→0,10,0,7,

AxesOrigin→Automatic]

Calculating kcat and enzyme efficiency

(*User input; concentration of enzyme used in mg/mL*)

conc=.15;

B.3.5 Calculating kcat

(*User input; volume of enzyme used in the reaction in liters*)

L=2*10−6;

(*Tetramer weight in Daltons*)

Da=228000;

(*Seconds in a minute*)

sec=60;

(*Amount of enzyme used in mg*)

mg=(conc*L)/1000;

(*Calculates kcat in sec−1*)

kcat=(Vmax*Da*mg)/(conc*L*sec)
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(*Calculates the Efficiency in M−1 sec−1. 108-109 are the diffusion limit.*)

Efficiency=kcat/K0.5
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B.4 Fabricating and Purifying SAICAR

B.4.1 Day to Day Details

Day 1

1) Day prior to starting process, turn on water bath to 37 C.

2) Remove purified ADSL from -80 C freezer and allow to warm up to room

temp (∼30 min)

3) Turn on Hot Plate, set temp to 100 C.

4) Set up reaction mixture by dilution AICAR 1:5 in SAICAR Synthesis Buffer

5) Place unmixed aliquots of ADSL enzyme and reagents in 37 C incubator

for 30 min prior to addition of ADSL to reaction mixture.

6) Add 12 µg of purified ADSL to reaction mixture and invert tube 3-4 times

to mix.

7) Immediately take a sample for the analysis by Bratton-Marshall reaction

and place tube in 37 C water bath. Start Time.

8) Get out TLC plates and pre-develop them with dH2O. You will see a

yellowish line close to the solvent front. When they’re done, Store standing

up on the counter over night.

9) At 4 hr, Pre-run Amicon Ultra with 10,000 MWCO and spin for 30 min at

3,000 g with 10 mM Tris.

10) At 5 hr, take a sample for analysis by Bratton-Marshall reaction.

11) Add reaction mixture to Amicon Ultra and spin for 10-20 min at 3,000 g

to remove enzyme (keep the filtrate, discard the retentate). Note the volume

of retentate and filtrate as these will influence the final yield. Use either our
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centrifuge or the one in room 254 (Margittai and Pegan Lab).

12) Spin filtrate in speed vac with heater “off” to reduce total volume to about

400 µL. This takes a fair amount of time.

13) Once total volume is reduced, store in -80 C freezer for tomorrow.

Day 2

1) Set up spotting station with TLC plates, hairdryer, seran wrap, tape, and

25 µL capillary tubes.

2) Prior to spotting, draw a straight line with a pencil ∼3 cm from the bottom

of a plate to mark the start of the chromatographic separation for calculation

of RF values.

3) Spot 200 µL of reaction onto the TLC plates.

4) Fill developing tank with 200 mL 1 M ammonium acetate or 0.8 M lithium

chloride.

5) Load plates into developing tank and develop until they are 1 in from the

previous developing front.

6) Remove plates from tank and allow them to dry vertically.

7) Visualize spots onTLC plates using hand-held UV lamp located in same

drawer as tube holders. Mark location of the solvent front, SAICAR, AICAR,

and fumarate with a small tick mark on the side of the TLC plates.

8) Using the distance from the starting line to the locations, calculate RF val-

ues using the ratio of the distance traveled by the substrates and the solvent

front.

9) Using a clean razor blade, scrape SAICAR from the TLC plates into

OakRidge tubes (located on top of the incubator).
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10) Elute SAICAR from the cellulose with a total volume of 10 mL 1 N NH4OH.

11) Remove cellulose by centrifugation in SS34 rotor in Sorvall for 30 min at

16,000 rpm (30,000 g) at 4 C.

12) Remove supernatant from cellulose pellet and discard pellet. Prepare 1

mL aliquots in 1.7 ml eppies.

13) Reduce volume by 5 - 10 fold in speed vac with heater “off”. Combine

remaining liquid in 1 or 2 eppies.

14) Remove samples for HPLC or Bratton-Marshall and store SAICAR at -80

C.

B.5 Determining Protein Concentration

B.5.1 E 1% = 7.7

This is what Roberta Colman uses for her reserach

1) Take .5 mL from stock protein and put in eppie.

2) Make serial dilutions up to 1:16 in enzyme storage buffer.

3) Find ABS at λ = 280 nm.

4) A solution of 1 mg/mL has an ABS of 0.77. Use ratio

1(mg/mL)
0.77

= unknownconcentration(mg/mL)
measuredABS∗dilutionfactor to find concentration of protein.
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B.5.2 Bio-Rad Assay

1) Make needed amount of 1 x Bio-Rad Dye. Will need 1 mL per sample plus

the blank.

2) Check if have 0.2 to 1.0 mg/mL dilutions of BSA to use as standards. If

not, see below for recipe.

3) Dilute ADSL to be in the range 0.2 to 1.0 mg/mL. If concentration is un-

known, make serial dilutions from 1:2 to 1:8.

4) Add 980 µL of 1 x Dye to acrylic cuvettes.

5) Add 20 µL of standard or unknown ADSL, invert cuvette 3 times and in-

cubate at room temp for 5 - 10 min.

6) Record Abs at λ= 595 nm for each sample. Blank with 1 mL 1 x Dye.

7) Record the data in Bio-Rad template in excel to make the standard curve

and calculate ADSL concentration.

BSA Standards

Dilute 100 mg BSA in 10 mL dH2O

Final Concentration BSA (mg/mL) BSA @ 10 mg/mL (µL) dH2O (µL)

0.2 20 980

0.4 40 960

0.6 60 940

0.8 80 920

1.0 100 900
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B.5.3 260-280 nm Concentration Formula

1) Fill cuvette with 2 mL Enzyme Storage buffer and place in position 1 of

UV-Vis to use as blank.

2) Make dilution of ADSL to ∼.5 mg/mL in cuvette. If unsure of concen-

tration, or just purified ADSL, dilutions of 1:20 to 1:40 will work. Reocrd

Dilution Factor (D.F.) in printed out template.

3) Fill Positions 2 - 6 with ADSL protein as needed.

4) Blank UV-Vis at λ= 280 nm and record ADSL Abs in template.

5) Repeat for λ= 260 nm.

6) Using formula, calculate protein concentration.

Formula

ADSL [ ] (mg/mL) = (1.55×Abs280 - 0.76×Abs260)×Dilution

B.6 How to Use the Static Light Scattering

Instrument

B.6.1 Setting Up and Running Experiments

What you need to know about your sample and mobile phase

Sample

1) Concentration in g mL−1.

2) UV Extinction Coefficient in mol g−1 cm−1.

3) dn/dc value. For proteins, the default value is .185.

250



Mobile Phase

1) Refractive Index. If you don’t know this, there is a way to experimentally

find it. See section below that describes how to do it.

Setting up Instrument for SEC-MALS

1) Turn on the HPLC and Static Light Scattering (SLS) instruments

2) Open the HPLC and SLS software (EZStart 7.4 SP3 and ASTRA)

3) In the HPLC software, open the method “PattersonLabSECMALS” by File

→ Method → Open → PattersonLabSECMALS.

4) Change the flow rate to 0 mL/min and push “download method”. Check

to make sure the HPLC now reads 0 mL/min.

5) Connect the size injector loop you will use. Typically the 100 µL loop is

used, but smaller loops can be used. Push the injector knob down.

6) Connect the SLS to the HPLC by the two tubes located on the right side

of the HPLC. The tube with the blue stripe goes to the “Out” and the other

tube goes to the “In”. The “In” and “Out” ports of the SLS are located on

the left side of the instrument behind a door. You will need to remove two

screws before attaching the tubes.

7) Attach the column you will use to the HPLC. There are two ways to do this:

i) If you do not need to use the oven, attached the column on the left side of

the HPLC using valves 1 ii) if you do need to use the oven, attach the column

inside the oven using valves 3. The default for the method is valves 1, if you

use ii) you will have to change the valves on the software under the “Oven”

tab. When attaching the tubes to the column, make sure the mobile phase

flows in the correct direction. The left main valve is where the flow originates.
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8) Equilibrate the column by following these steps...

• Note, when changing the flowrate on the column, always to it gradually

by increasing the flowrate through the column in increments of 0.25 mL/min

using the method “outlined” in 4). This is to prevent disturbing the resin at

the top of the column by suddenly increasing the flowrate.

• First wash the column with 5 column volumes of dH2O at 1 mL/min.

• Before switching mobile phase, check for leaks.

• Equilibrate the column with the mobile phase for the experiment. It is best

to use 15 - 20 column volumes to equilibrate the column.

• Things to keep in mind when equilibrating the column.

i) Flowrate and pressure limitation of the column.

ii) If it is ok to use your mobile phase on the column.

iii) Molecular weight range of the column.

iv) Since it takes a long time to equilibrate the column, it is best to do it

overnight.

v) Make sure you have enough buffer to equilibrate and run experiments. If

the column runs dry, you will be held responsible.

• After the column in equilibrated, you are ready to run a sample.

9) If you are using the oven, set the temperature in the HPLC software. Do

this by going to the “Oven” tab, clicking the � next to “Enable Oven”, set

the oven temperature, and push “Download Method”. It is best and easiest to

equilibrate the column with mobile phase and temperature at the same time.
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Running a Sample

Setting up the Software

EZStart

1) Under “Pumps”, set the flow rate to your desired value.

2) Under “Time Program”, change the ending controller time to the length

you need for the experimental run.

3) Under “Column Info”, the Wyatt Tech. Co. column info is the default.

Change values you need to change.

4) Hit B, name the run, hit start. The orange bar should eventually turn

purple, which means the software is waiting the auto-inject signal.

ASTRA

•Whenever you want to close a window in ASTRA, click the “OK” button at

the bottom of the window. This action should be taken every time you open

something and change it. For example, see step 5)

1) File → New → Experiment from Template.

2) This should take you to the default folder “My Templates”. Choose the

“PattersonLabSECMALS” template.

3) A new experiment will appear on the left hand side of the software.

4) Click on the + next to “Configuration”. Then click on the + next to

“Generic Pump” and “Injector”.

5) Double Click (DC) Generic Pump and change the flowrate to match the

HPLC flowrate for the experiment.

6) DC Solvent and enter your values. If you have a well known buffer (ie:

PBS), you can load its values by clicking on “...” and choose the solution you
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have. If you don’t know the refractive index and your buffer isn’t included in

the list provided by ASTRA, you will have to experimentally find it by using

BSA. To change the Refractive Index, press the + next to “Refractive Index

Model” and put in your value.

7) DC “Injector” and change the injector volume to the volume of solution

you inject.

8) DC “Sample” and change the name of sample, dn/dc (if you’re not using

a protein b/c the dn/dc value of proteins is .185), UV Extinction Coefficient,

and concentration.

9) Click the + next to “Procedures”. DC Basic Collection and change duration

if needed. Hit B to start a run. You should see “Waiting for Auto-Inject” on

the graph.

Loading a Sample

1) Make sure the injector knob is in the load position.

2) Load the appropriate amount into the injector. A good general rule would

be to inject 150% of the injector loop volume that way you will saturate the

loop with sample.

3) Press the injector knob down to inject the loop and start the run.

• Things to think about when running a sample.

i) It is always a good idea for the 1st run to be a blank of the mobile phase,

and the 2nd run to be a well known standard like BSA. That way you will

know if the injected mobile phase causes any UV or SLS signal and you will

know if the setup is working properly if the standard come out correct.

ii) You will need at least 10 min. of baseline after the last peak.

254



Analyzing Data

1) See section 7 of the ASTRA manual.

2) Do not forget to save your experiment.

Running another Sample

1) Start on 4) in EZStart. You may have to hit the stop button to stop the

current run.

2) Start on 1) in ASTRA.

3) Start on 1) in Loading a Sample.

4) Analyze your data.

5) Go through steps 1- 4 above until you are all done with your samples.

Dismantling SEC-MALS

Cleaning the Column

1) Bring the flow to a stop.

2) Reverse the column direction so the flow is now backwards.

3) Clean the column with .2 M KCl @ pH ∼3. running @ 0.25 mL/min

4) Cleaning will take 10 to 15 column volumes.

5)While cleaning the column, go to the SLS and, on the interface of the in-

strument, press the “Tab” button until the laser is selected, press enter. This

will turn off the laser. Press “Tab” until the comet is selected, press enter.

This will turn on a vibrating mechanism to sonicate the flowcell.

6) After 10 to 15 column volumes, turn off the comet.

7) Bring the flow to a stop.

8) Orient the column so the flow is in the correct direction.
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9) Flow 5 column volumes of dH2O .

10) Flow 5 column volumes of 20% Ethanol.

11) Stop flow and take off column. Place the plugs back and put away in its

box.

12) Reconnect the two tubes with a union.

Tidy Up

1) Disconnect the SLS and reconnect the two tubes with a union.

2) Turn off the SLS and HPLC.

3) Shut down the EZStart software.

4) Once you are down analyzing and saving your data, turn off the ASTRA

software.

5) Clean up any mess you created while using the SLS.

Find RI value for your running buffer

1) Equilibrate your column with your mobile phase.

2) Run a 100 µL sample of 2 mg/mL BSA.

3) When analyzing your data, fit all the peaks and look at the Mw. Adjust

the RI value under “Solvent” until the Mw value is close to 66 kDa. This is

your approximate RI value for your running buffer.

Advantages of SLS

1) Relatively quick to run samples - 40 to 90 minutes.

2) Detailed molecular weight and radius values.

3) Can easily look at species distribution (or stoichiometry).

4) Can use a very small amount of sample (100 µL) as long as the concentration
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is enough to generate a light scattering signal.

)The other main alternatives are Analytical Ultracentrifugation (AUC) or SDS

Gels. AUC is expensive and takes at least 5 hours to run the sample plus 3

hours of sample cell preperation. The analysis of data in non-trivial and can

give different results depending on the model you are fitting the data to. SDS

works well, but doesn’t provide near the amount of detailed information SLS

can.

Limitations of SLS

1) Particle radius must 10 nm particles to be detected.

2) Molecular weight for all peaks are averages. Therefore the better SEC you

have, the better your results.

B.7 Computer Lab Tips

For running the code to predict the folding pathway of ADSL, I used the

computer lab located in the physics building room 118. I found certain pecu-

liarities with using these computers, namely that they “reset” the hard drive

every night so if the code needed to run longer than 24 hours, I could not

use the computers. The computers did not have a scheduled “reset” on the

hard drive, therefore I thought unplugging the ethernet cord would prevent

them from “resetting”. This gave me the intended result. However, since I

used Mathematica, the license requires the computer to be connected to the

DU network in order for Mathematica to work. So, it is possible to start the

Mathematica kernel while the ethernet cord is connected, disconnect it late at
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night so the computer does not “reset” causing you to lose all of the compu-

tations, and come back in the morning to reconnect the ethernet. Now, all of

this being said, I think it would be much simpler to use MatLab for multiple

reasons. It does not need to be connected to the DU network, therefore you

can run it overnight with the network disconnected. Mathematica is also a

memory hog for larger computations. It seems to store past solutions. So, all

this being said, I would just use MatLab or learn how to use the cluster.
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