Leucine Incorporation into VLDL

Case Study

e How to create tracee and tracer models
e How to create the tracer-tracee ratio as
the measurement variable

e How to use a forcing function to
simulate the leucine system
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Metabolic Case Study Leucine into VLDL

Leucine Incorporation into VLDL

Prerequisites

The prerequisite for this case study is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM Il Compartmental.” It will be
useful to have worked through the Using SAAM |1 tutorial “Using Forcing
Functions.”

What you will learn in this case study
The general approach to modeling lipoprotein kinetics using stable isotopes including:

e How to create tracee and tracer models.

e How to create the tracer-tracee ratio, the measurement variable, from the
model.

e How to use forcing functions to simulate the leucine system.

Files Required

Data:
The data file for this case study is

Leu VLDL.dat

This data file is a text file. The contents of this file are included at the end of this
case study.

Introduction

A popular way to study lipoprotein kinetics is to use stable isotopes. The protocol calls
for introducing a label such as “**C” on an amino acid such as leucine. Labeled leucine is
introduced as a bolus, an infusion or a primed infusion.

In this case study’, labeled leucine is incorporated into VLDL (very low density
lipoprotein) apolipoprotein B (apoB), a major protein associated with VLDL. Serial
plasma samples of both leucine and VLDL apoB are obtained, and the tracer-tracee ratio
for apoB is calculated using a method of Cobelli et. al**. Labeled leucine was infused
using a primed infusion format. The infusion lasted for 10 hours; the experiment lasted
107 hours. Thus there was a washout phase for the labeled leucine during which time it
rapidly disappeared from plasma.
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Part 1. Create the tracee and tracer model

1. Startthe SAAM Il Compartmental application. The SAAM 11 Compartmental
main window will open.

2. Create the following system model on the Drawing Canvas.

AN
Uid)

ki2,1) —m] 2 d(3, 2 ki{4,3
g -O00- @

k{0,3) k{0,4})

In creating this model, you will need to open the Compartment Attributes
dialog box by double-clicking on Compartment 1, typing “Leucine” in the
Reference Name box, and clicking Done. The process will be repeated for
VLDL_f (the fast turning over VLDL compartment) and VLDL _s (the slow
turning over VLDL compartment). Remember to create U(3), with the Flux tool
active, you click first on the Drawing Canvas, and then Compartment 3.

3. Specify the Delay attributes.
a. Double-click Delay 2 to open the Delay Attributes dialog box.
b. Type “Synthesis” in the Reference Name box.

c. Type “Synthesis_t” in the Delay Time box (this will the time of the delay due
to synthetic incorporation of leucine into VLDL).

d. Enter “5” in the Number of Compartments box. The Delay Attributes
dialog box will appear as follows:
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Delay Humber: |2 [1 o 9939]

Reference Mame: |Synthesis

Murnber of compartrents: IE{

Tranzfer Coefficient:

Delay Time: IS_I..InthESiS_t

% alue or W ariable]

Drelay Wwidth:
d3.2)=1.0 Done
Fractional Distibutiarn... Cancel
Help

e. Click Done. Your model will appear as follows:

g K(2,1) —»

Eynthes

~
Ui3}

kil 3} k{0, 4)

4. Create the tracee experiment (steady state VLDL apoB) model.

a. Inthe SAAM Il Toolbox, click Experiment. The Experiment Attributes
dialog box will open.

b. Type “hours” in the Units box.

c. Enter “107” in the End At box. The Experiment Attributes dialog box will
appear as follows:
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Experiment Attributes

|ndependent W aniable: It

[Irikg: Ihu:uurs

Start ak: ||:|_|:|

End at: |-||:|?

Done I [Cancel | Help |

d. Click Done. The Create Experiment dialog box will open. Click System to
make this the Type. The Create Experiment dialog box will appear as
follows:

Create Experiment X|

M ew Mame: Is_l,lstem

Twpe:  Ewxperiment Il System I

Create | Cancel | Help |

e. Click Create. Your model will appear as follows:

Ul[3]'

ki2,1) —ppu] D2 di3,2) kid,3
Q -000 @
Eynthes

k{ﬂ 3) k{l] 4)

Remember your system model is designed to deal with your tracee data. In this
case, it is required because, as described below, the measurement variable is the
tracer-tracee ratio. In SAAM II, the tracee model compartments are designated by
capital “Q” as opposed to the tracer which is designated by small “q”.

f. Double-click Q3 to open the Compartment Attributes dialog box.

g. Type the equation “Q3 = Vmass — Q4" in the Equation pane. The
Compartment Attributes dialog box will appear as follows:
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Compartment Attributes

Name; @3
Reference Hame: WLDOL_f

Umits: I Farcing Function... |

E quations;

03 =masz - Q4 :I

Done I Cancel Help |

SAAM IT

Specifying steady state mass. Vmass is the total VLDL apoB mass; this will be
entered as a fixed parameter as it is measured in the experiment.

Remember for the steady state solution, for every unknown U(i) there must be
a known mass. The known mass can be the mass of a single compartment C(j)
or a sum of masses of compartments.

In this case, the total VLDL apoB mass is known, Vmass. Thus “Vmass =
Q(3) + Q(4)”. Since SAAM I does not deal with implicit equation, you must
write with “Q(3) = Vmass — Q(4)” or, associated with Compartment Q4, “Q4
=Vmass — Q(3)”.

h. Click Done.
5. Create the tracer experiment model.

a. Inthe SAAM Il Toolbox, click Create. The Create Experiment dialog box
will open. Click Experiment to be sure this is the Type. The Create
Experiment dialog box will appear as follows:

Create Experiment El

Mew Mame: |[=HE)

Type: | Es=periment I Syzstem |
Create I Cancel | Help |
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b. Click Create. Your tracer model will appear as follows:

k({2,1) —] _d2 di(3,.2) kid,3
000 r { r }
9 Symthes

ki0,3) ki{0.4)

6. Add the data to your model.

a. On the Show menu, click Data, or alternatively click Data H on the SAAM
Il Toolbar. The Data window will open.

b. On the File menu, click Open. The file Leu_VLDL.dat should appear in the
list (if it does not, find the folder where you have installed this data file).

c. Double-click Leu_VLDL.dat. The data in this file will appear in the Data
window as follows:
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[Mpata - Leu_vLDL.dat
—_—,— _—mm—sme—-memm

DATA
(FED _ 1)
t
.0s
.17
JEL
C ]
.4z
.k
]
BT
75
.83
_BE

25
.k
7E
.5

-

JELE
.5
7k

LS e I N B S N« T o N SR P I N I A e S I e I o e R

WM D

[P R = S X U = I
' ' i)
n n

107
ENL

Kl

Leucine WLDL

25.533 n
10.098 n
2.351 =n
7.79 n
7.48 n
7.29¢  0.172
£.28  n
£.958  0.62
5.008(-) h

n 0.7zz
£.235 =n
£.529  1.362
£.589 1.574
6.417  1.336
I I
£.303 Zz.378
£.372 2.879
I I
£.326 =n

n n
£.716  4.139
6.44  4.508
£.292  4.824
£.509  4.734
I I
4.342 n

n £.107
z.74 n
z.527  5.0%6
n 4.437
1.528  4.046
1.11z 2.6
1.082  z.3%6
0.77¢  z.474
0.427  1.378
0.569  1.434
0.375  1.134
0.14z  0.426
n 0.z13
0.01 m
0.007  0.111

Data Format is okay

=10l |

Y

wi

Notice there are two columns of data, one for leucine and the other for the

VLDL apoB.

d. Close the Data window.

7. Create the VLDL apoB sample.
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a. Inthe SAAM Il Toolbox, click Sample.

b. Click compartments g3 and g4, then click on the Drawing Canvas. The
sample s1 will appear.

c. Double-click sl to open the Sample Attributes dialog box.
d. Type “VLDL” in the Associate with Data Name box.

e. Edit the sample equation “s1=qg4 + g3” to read “s1=(q4 + 3)*100/Vmass” in
the Equations box. The “100” in the above equation converts the tracer-tracee
ratio into a percent which are the units of the data. Your model and Sample
Attributes dialog box will appear:

Sample Attributes x|

Mame; =1
Urits: I
Azzociate with D ata Mame: |U|_D|_

E quationz:
51 =[g4 + g3F100A/mass |
Diore I Cancel Help |
f. Click Done. Your model will appear as follows:
=1
k{2,1) —p] _d2 d(3,2) k(4,3
Q 000 @
Zynthes
k{0,3) k{0,41)
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The measurement equation in stable isotope experiments. The measurement
equation “s1 = (g4 + a3)*100/Vmass” can be interpreted as the ratio of the
amount of tracer VLDL apoB divided by the steady state amount of VLDL
apoB; it is called the tracer-tracee ratio. This is the correct analogue to specific
activity as opposed to enrichment or isotope abundance, two commonly
measured values. For more information, you are encouraged to read the two
references to Cobelli et al given in the Introduction.

You should also note that the measurement equation could have been written
“sl = (g4 + 93)*100/(Q4 + Q3) since, by definition, “Vmass = Q3 + Q4”.

Part 2. Create the Forcing Function for leucine

In this part of the case study, you will create the forcing function for plasma leucine
which will be used to “drive” the VLDL apoB system

1. Double-click Compartment g1 to open the Compartment Attributes dialog box.
Click Forcing Function.... The two dialog boxes will appear as follows:
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Compartment Attribute

Nare: 91

Feference Hame: Leucing

[ hitg: I

E quations:

Forzing Functiorn.... |

=)

[

Help |

Cancel |

Done |

Forcing Function

Compartment Mumber: gl

— FF rpuat fram:
%" Turned Of

£ Aszzociate with Data Mame;

" Equation far gl .FF;

Iq‘I.FF=

Done Help
_ b |

2. Inthe Forcing Function dialog box, click Associate with Data Name. The
Associate with Data Name pane will become available. Type “Leucine” in the
Associate with Data Name pane. The Forcing Function dialog box will appear

as follows:
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Compartment Number: gl
— FF Irnpuat from:
" Tumed OF
% Agsociate with Data M ame: Leucine

™ Equation for gl .FF;
Iq'l FF=

Done Help
_ teb |

3. Click Done to close the Forcing Function dialog box, and then click Done to
close the Compartment Attributes dialog box. Your model will appear as
follows:

=1

k(2,1) —p] 42 a(3,2) k(4,3)
OO0 ’ ’
Q Eynthes

k{0, 3) ki{0,4)

o

SAAM 1T

The forcing function. The forcing function will be created using the leucine
data by linearly extrapolating between sequential data. The option is to specify
an equation for the forcing function. This is commonly done by fitting a sum
of exponentials to the data. Using the data themselves and letting SAAM 11
create the function via linear interpolation is a convenience that should be
used then the forcing function data themselves are relatively noise-free.

4. Define the second sample for the forcing function.
a. Inthe SAAM Il Toolbox, click Sample.

b. Click g1, and then on the Drawing Canvas. The sample s2 will appear.
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c. Double-click s2 to open the Sample Attributes dialog box.
d. Type “Leucine” in the Associate with Data Name box.

e. Type the sample equation “s2=q1.FF”. The Sample Attributes dialog box

will appear:
x
Mame: =2
L piks: I
Azzociate with D ata Mame: ILeucina|
E quatiansz:
s2=ql FF -]
Dane I Cancel Help |

f. Click Done. You will notice that s2 appears solid, but no longer connected to
gl. Your model will appear as follows:

=1

=52

k{2,1) —m] 2 d(3,2) ki4,3
Q -000 @
Eynthes

ki{0,3) k{0,4)

o

S5AAM I

Samples. The Sample tool is a very powerful tool in SAAM II. Normally it is
used to create samples that link a compartment, or compartments, with data.
In this case, we are interested in viewing the forcing function. When we
entered the equation “s2=q1.FF”, g1 no longer appeared in the sample
equation, hence the line linking the sample to g1 was severed.
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Remember the name for the forcing function in SAAM 11 is cpt#.FF where
cpt# is the number of the compartment with which the forcing function is
associated.

Part 3. Work with the model.

1. Enter the parameter estimates.

a. On the Show menu, click Parameters, or alternatively click Parameters ﬂ
on the SAAM Il Toolbar. The Parameters dialog box will open. Enter the
parameter values as shown below.

plaTk
Name Type Current Low Limit High Limit
Svnthesis_t Adj o_go00 o.0g00 g_0000
Tnass Fix 10,0000
ki0,3) Ad] 0. 5aao o._o0E50o 5._0Qoaa
EiO,4) Add o.oog0 2. 000e-004 o_og00
Eiz,1) Ad] 0. 0300 0. o030 0_3000

Mame:  k[4.3] Walue: I.EIUE

Twpe: © Fired
f* Adjustable

Lawy Limit |u.unnﬁnnnn

High Limit: ID.DEDDDDDD

Diane Cancel | Help

b. Click Done.

2. Estimate the fractional clearance rate of VLDL apoB
Two of the most important parameters estimated in lipoprotein studies such as this
is the synthesis of the lipoprotein, in this case represented by U(3), and the

fractional clearance rate. The formula for the fractional clearance rate, FCR, is
given by “FCR = U(3)/Vmass”.
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a. On the Show menu, click Equations, or alternatively click the Equation E
tool on the SAAM 11 Toolbar. The Equations dialog box will open.

b. In the Equations Defined Here pane, type “FCR = U(3)/Vmass”. The
Equations dialog box will appear as follows:

Pleauations JRI=TES
Equations Defined Elsewhere (read-only):
03 = Vmass - 4 -
gl.FF = lini{Leucine)
diz,Z) = 1.0
flux(z, 1) = R{(E, 1} * gl
fluxi(3, 21 = (3, 2) * dZ f &
fluxig 3} = k(4,3) * o3
= =+

FLILX{E, 1) iz, 1} Q1

i By

Equations Defined Here:

FCR = U{3) /Vmass =]

o o

c. Close the Equations dialog box.

3. Solve the model, and view the solution.

a.  On the Compute menu, click Solve, or alternatively click Solve ===l on the
SAAM |1 Toolbar. The following message will appear:

SAAM II Compartmental |

] E The Farcing Function data must cover the enkire range of the experiment,
L
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Forcing Functions. When you are using data to define a forcing function,
the data must cover the entire range of the experiment. This means there
must be a datum at time zero, and a datum at the last time of the
experiment. Usually there is not a datum available at time zero, so you

will have to add a dummy value, usually close to the first datum, so the
solution can proceed.

b. Click OK.

c. Open the Data window. Enter a zero time value for Leucine of 26. The first
lines of your data file will appear:

_Iolx]

[ eeeSSSSSSSSSSSS——————————————————==

DATA [
(FED _1)

L=t Leucine VLDL

u] Z6 n

o.og Z25_E3%9 n

o.17 10.0%8 n

0.5 8_3E51 n

Close the Data window.

d. Re-Solve the model.

e. On the Show menu, click Plot, or alternatively click Plot @ on the SAAM
Il Toolbar. The Plot and Table Variables dialog box will open as follows:
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x|

Plot and Table ¥ariables
Yanables for YAz Heis IE
#1 :WLDL
#2 1 Leucine

[ List &l ariables
Done I

Select up o 10 Y -Axiz
Yanables in List.

Current Selection ;

Cancel

Help

f. Click s1:VLDL to move this to the Current Selection pane.

g. Click Done. The plot should appear in linear mode. To obtain the following
plot, the Plot and Table Scale was changed as follows:

x|

Plot and Table Scale
4 A M irirniLarn b axirnurm
 futoScale |00 |107.00000000
" Set oo |107.00000000
= Az
" AutcScale |00 |5.10700000
* Get 0.0 ]

Done I Cancel |

Help
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B 31 _
o WLOL

Close the Plot window.
4. Fit the model and view the statistics.

a. Fit your model to your data. On the Compute menu, click Fit, or alternatively
click Fit M on the SAAM Il Toolbar. The following message will appear:

Y Compute Log i ] B
TThile optimizing using relative weighting, the mc\delﬂ
achiewed a perfect fit for some data set.

Use absolute weighting.
OTICE: Optimization results are not awvailable.
OTICE: The covariancefcorrelation matrix is not awvailable.
OTICE: Cowpartment masses are nok availahle.

w

4] 2

The message means that the data error model of “data-relative” is not

appropriate for this model. We will follow the suggestion to set the model to
“data-absolute”.
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Close the Compute Log window.
b. Change the variance model.

(1) On the Compute menu, click Settings. The Computational Settings
dialog box will open.

(2) In the VVariance Model pane, click Absolute. The Computational
Settings dialog box will appear as follows:

Computational Settings il

Min. Mr. af Calculations [ntervalz: (20 » | [1 ta500]
— Integrator

¥ Use Relative Ermar:
Pade {0.00100000
Funge-kutta [1.0e-10to 1.0

[T Usze sbzalute Ermor;

[~ Compute 5ample AJC's [areater thar 0.0]

— O ptimizer
b aw=. Mr. of Fit lterations: |20 | [0ta&0)
Yarance Model——————————— D erivative
fe Data fe Abzolute = Fanward
" Model " Felative " Central

Convergence Critenon: ||j_|j[||]1 Qo0

IM.0e-7 ko 1.0]
[ Include Bayesian Tem

[Lambrdar 1 000000000 1R = e =2 |

[T Save Results to Text File
[Leyvel

— ] Eile
r- Easie i Heplace
) [etaied = fdd
A

| Done I Cancel | Help |

(3) Click Done.

c. Re-Fit the model to the data. This time the fit is successful. The plot of s1 and
VLDL will appear as follows:
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=101.]

40

G0
1 (houors?

d. On the Show menu, click Statistics, or alternatively, click Statistics % on
the SAAM 11 Toolbar. The Statistics window will appear as follows:

Pstatisies =10l x|

r'Cn;relatinn Matrix

i Cowariance Matrix

Parameter Wariahle Talue Std._Dewv._ Coef. of War. 23L8% Confidence Interwval
Synthesis_ t 074413 Z.74E95e-00Z 3_568584=+000 0.68312 O_739E5 &
Tmass l0. 00000 ** Fixed ** ** Fixed ** ** Fined ** ** Fixed **
k(0,2 0.221Z: EZ.l5es0e-00Z E&_E1250=+000 0.34733 O.434EZ
(0,4 0.00340 E.6E777e—-003 7T_.8E67Ze+001 -0.00194 0.00873
Z(Z, 1) 0.03071 1.77663e—-003 E&_78433e+000 0.0Z71E 003428
4,3 O.00zZ72 E.Z4541le-004 Z_29401e+001 0.00147 0.00328
————————————————————————————————— Derived Variaskhles —-———-—-————————————————————————————
FCR O0.Z186E £.1E5E8587e—-00Z Z_8168le+001 0.03E500

a. 34229;|

52 : Leucine

sl : YVLDL

Total ocbjective
ATC

EIC

Kl

Objective Scaled Data Variahnce
—-1.543837=+000 1.000000e+000
—-1.27EZ33e+000 1.000000e+000
—Z.812070e+000
—-4.043837e-001

-1EE77Ee-001

=

-

You can see the statistical information is quite acceptable. If you scroll to see

the Derived Variables, and select Correlation Matrix, the Statistics window
will appear as follows:
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bl Statistics 0] x|
Parameter /Variable Walue Std.Dev. Coef. of War. 9L% Confidence Interwval
FLI(Z,1) 0.00000e+000 0O.00000e+000 e 0.000002+000 D.DDDDDe+DDD;I
FLI(3,2) 0.00000e+000 0O.00000e+000 e 0.00000e+000 0O.000002+000
FLI(4, 3) 0.01E511 7.05602e-003 4.66364e+4001 3.449482-004 0.023E8
Q1 0.00000e+000 0O.00000e+000 e 0.00000e+000 0O.000002+000
[nfes E.EE0EZ 1.43808e+000 Z.52103e+001 Z.EE317 2.437E6
o4 4.44378 1_.43808=+000 3.23179=+001 1.56274 7.33683
i3 Z.18647 ©_.15887=-001 Z.81681le+001 0.95003 3.42E91
(3,2} 6.71875 Z.47643e-001 3.68584e+000 &.ZZ153 ?.ZlSSZLI
¥ Correlatdion Matrix r Covariance Matrix . Objective
Synthesis Vnaszs k0,3 kio, 4] k{2,1) k4,3 ;I
Symthesis 1. 00000 WD 0.71491 0.1371l8 0.77878 0.12101
Umass TEE TEE TEE TEE TEE TEE
iO,3) 0.71431 WD 1.00000 0.330Z1 0.90EE81 0.35303
0,4} 0.1371l8 WD 0.33021 1. 00000 0.18635 0.20828
iz, 1) o.77evse WD 0.20Z51 0.18535 1.00000 0.1&5310
4,3} 0.1z101 WD 0.35303 O.908Z6 0.15310 1.00000
w
Kl ¢

f. Close the Statistics window; leave the Plot window open.

5. View the forcing function.

a. On the Set menu, click Plot/Table Variables. The Plot and Tables
Variables dialog box will open.

b. Click s2:Leucine to move it to the Current Selection pane.

c. Click Done. You will have to change the Plot and Table Scale since it has
been set for s1:VLDL.

d. On the Set menu, click Plot/Table Scale. The Plot and Table Scale dialog

box will open.

e. Change the scale as shown in the following:
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x|

Plot and Table Scale
o A birimmum bl Eirniam
* AutoScale |00 | 10700000000
" Set oo | 10700000000
= Axis
¢ AutoScale  |0.00700000 | 2600000000
(+ Get (0.0 D]

Done I

Cancel |

Help

f. Click Done. The plot of the forcing function and leucine data will appear:

=101 |

jl:l T T T T T T T T T T T I T T T I T

- 32 .

: o Leucine i

20+ —

L I 1 1 -J 1 1 1 I 1 1 1 I 1

40 B &0 100
1 (hoursh

The leucine data followed a primed constant infusion. You can see the very
rapid disappearance of the priming dose. The infusion lasted 10 hours after
which there was a washout of the labeled leucine.

g. Close the Plot window.

Quit the SAAM 11 Compartmental application. You can save the study file if you wish.

©University of Washington

Leu_VLDL - 21

Rev. 03/09/04



Metabolic Case Study Leucine into VLDL

Essential points to remember

In stable isotope experiments, the measurement variable is the tracer-tracee ratio.

It is easily simulated in SAAM |1 by creating the tracer model (which is possible

since enrichment of the labeled leucine is almost 100%), and the tracee model for
VLDL.

e The forcing function is a very convenient mechanism to model amino acid

incorporation into a protein.
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Data for this tutorial

DATA

(FSD .1)

t Leucine VLDL
0 26 n
0.08 25.539 n
0.17 10.098 n
0.25 8.351 n
0.33 7.796 n
042 7.48 n

0.5 7.294 0.172
0.58 6.28 n
0.67 6.958 0.62
0.75 5.006(-) n
0.83 n 0.722
0.92 6.235 n

1 6.589 1.362
1.25 6.589 1.674
15 6.417 1.936
1.75 n n

2 6.303 2.378
2.5 6.372 2.879
3 n n

3.5 6.326 n

4 n n

5 6.716 4.189
6 6.44 4.508
7 6.292 4.884
8 6.509 4,784
8.1 n n
8.25 4.342 n

8.5 n 5.107
8.75 274 n

9 2.527 5.096
9.5 n 4.497
10 1.528 4.046
10.5 1.113 3.6
11 1.082 2.996
12 0.774 2.474
13 0.487 1.978
14 0.569 1.434
16 0.375 1.134
205 0.142 0.426
35 n 0.213
59 0.01 n
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107  0.007 0.111
END
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