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NSR News Briefs

A View of the Physiome

* Zheng Li was promoted t0 The physiome Project is the successor to theaighte, 1995). This project is many times more
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* Hong Qian joined NSR as
Associate Director, Mather
matics.

will finish sequencing the human genome bgystematize current and future biophysical, bio-
about the year 2002, has greatly enhanced athremical, and physiological knowledge into a
understanding of biology, fostering new qualitaframework where it can be used for prediction.
tive and quantitative approaches in the biologic&apability for prediction is of high economic
sciences. Yet phenotypic responses can selddmnefit: a few million dollars a year put into pre-
be predicted from genomic interventions. dictors of intervention could within the decade
Changes in protein expression are not thsart saving hundreds of millions per year by
same as pharmaceutical intervention. The identimproved drug design, target specificity in phar-
fication of each gene and the amino acithaceutical and genomic therapies, and eventu-
sequence of its associated protein forces us dtly in disease prevention.
recognize that we don't understand how these The Project consists of the databasing of bio-
proteins function as parts of organized cells, tidogical information for rapid retrieval, and the
sues and organisms. What we need is the phys&ystematic organization of that information into
logical phenotyping of organisms with knock-descriptive schema and computational models of
outs or insertions. This follows from proteinintegrated systems.
structuring and characterization, if a bottom up Networking is central to the success of the
approach is taken. However, a lesson from theroject. Databases on biochemical and cellular
geneticists is that most of the genes identified systems, tissue properties, organ functions, and
far have been pinpointed from the top dowrfunctions of the composite organism (blood
identifying the locus by association with othepressure regulation, ambulation) must be pub-
genes and with expressed sequence tags. licly and freely accessible and searchable via the
A large role for direct genomic intervention ininternet. Likewise, functional models should be
therapy does not yet exist, although industridhternet-accessible; furthermore they should be
production of human proteins by yeast and Elesigned so that they can be explored with or
coli is increasing. Pharmaceutical interventiorwithout being downloaded by the exploring
like genomic intervention, is not highly predict-investigator.
able: side effects abound and interactions with Models come in different forms. Useful sim-
other drugs put patients at risk. Accurate prediple forms are diagrams of relationships; they
tion will require a comprehensive grasp of thexhibit functional connections or perhaps merely
workings of cells, tissues and whole intact orgarassociations, and encourage the investigator to
isms and information about short and long terrfigure out the nature and importance of the rela-
regulation of physiology from gross systemionship. They provide cartoons of systems that
behavior (e.g., blood pressure) to modulation abnvey in a glance an overview of a system, but
protein expression. are not predictive. A second, more explicit level
Physiome:The word “physiome” is coined of modeling is provided, for example, by chemi-
from “physio”, meaning ‘life’ or ‘nature’, and cal reaction schema: the model here is translat-
“‘ome”, meaning ‘as a whole entity’, or as arable to chemical rate equations, but may lack
abbreviation of “physionome”, where ‘home’specific values for parameters, and at the sche-
means the nominal identification or descriptiomatic stage still does not allow quantitative pre-
of normal function (Bassingthwaighte, 1992diction. The third stage would be the set of dif-
Marmarelis et al., 1994). The definition of physferential equations for those chemical reactions:
iome is the quantitative description of the physigiven the rate constants, this model now can be
ological dynamics or functions of the intactused to predict outcomes in the form of product
organism. The name fits into this sequenc#éuxes.
genome, morphome (including proteome), phys- Since highly complex systems are not intu-
iome. [Perhaps the “phenome” or phenotype lidgtvely understandable, the comprehensive math-
between morphome and physiome, in recognématical models should be designed so that an
tion of the importance of the qualitative identifi-explorer can begin with a simple version, and
cation of form and function derived from theuse it as the entry into the deeper, more complete
gene, though lacking in the quantitative, integraand complex versions. Imagine a model of the
tive identification.] heart: How does it respond to the constriction of
The Physiome Project)ndertaking the Phys- a specific coronary artery, to the compression of
iome Project is an immense task (Bassingtlthe aorta, or to a sympathetic nerve stimulation?
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Only a very comprehensive model can give cor- An overall strategy is to begin where there are
rect responses to all of these. Supposing tlheginnings: there are many levels, from genome
model is adequate to such tasks, the explorer integrated system, where both databases and
might be yet more demanding, asking for nagjuantitative analysis are well underway. Since it
only the short term acute responses, but also tleimpossible to build up total organisms from
long-term responses. Guyton’s model of the cathe genome itself, or even from the subset of
diovascular-renal regulation of blood pressurgroteins transcribed without taking the environ-
(Guyton, 1972) exhibits both short and longment for development into account, it is essen-
term regulation in its more modern versions. tial to start at points where the accumulated
A fully constructed model is to the explorertknowledge is sufficiently advanced to allow con-
just like the real system; the reasons for itectures about how the parts fit into the whole.
behavior are not immediately identified. ConWhen the systemization is complete enough to
sider the “cardiome” (Bassingthwaighte, 1997 gllow prediction, then it is clear that the whole is
Is it the decrease in pH that leads to the dissocigreater than the sum of the parts. Many biophys-
tion between cardiac excitation and contractioical and physiological target areas are now well
several seconds after coronary obstructio®hough known to serve as exemplary foci of
Exploring a model has the advantage that any effort, because further development of knowl-
the variables may be revealed without going tedge about these areas will prove useful, not
the laboratory. The explorer can ask, “What imerely for demonstrating that databasing and
the intracellular pH?” and be provided the valusystematizing are helpful in advancing the sci-
or the time course. The cause and effect relatioance, but potentially also for aid in diagnosis and
ship can be explored within the model, if it isin the design of therapy.
constructed to allow “experimental” intervention
by the explorer. Such models are predictors &eferences
responses an_d are t_here_fore testable and ref“tBassingthwaighte, J. B. Fractal vascular
able by experiment; in this way they serve alsgyqyth patterns. Acta Stereol. 11 (Suppl. 1):305-
as the vehicle for the design of the critical expei1g 1992,
iment, the one that will disprove the inferences Bassingthwaighte, J. B. Toward modeling the
of the model. o human physionome. In: Molecular and Subcel-
Models are merely “working hypotheses’y,ar cardiology: Effects on Structure and Func-

expressed in a quantitative and therefore refut, o qited by S. Sideman and R. Beyar. New

able fashion. Through disproof and invention of,,- Plenum, 1995, pp. 331-339. Anonymous ftp at NSR

a replacement hypothesis the science IS gaggingthwaighte, J. B. A design and strateg

You may get files from

advanced. As T. H. Huxley recommended Whefy the cardiome project. Chapter 28. In: Analyt-NSR by using anonymous

discoursing on Darwin’'s theory of evolution,ica and Quantitative Cardiology, edited by

Sftp. If you are using a UNIX

maintain your “staetige Skepsis” or “activegigeman and R. Beyar. New York: Plenun system, use the following

A
doubt’, a phrase he took from Goethe. Activggg7 pp. 325-339.

doubt means not bland acceptance, but carefuIGuyton A C. T. G. Coleman. and H. ]

'steps to get the “Readme”
file, then read it carefully
.for detailed instructions.

consideration and persistent conscious skepfiianger. Circulation: overall regulation. Annu.The “Readme” file is a text
cism with respect to any model. Models are afhq,, Physiol. 34:13-46, 1972. file that can be read with

wrong, inexact or incomplete, and will probably Huxley, Thomas Henry. The Darwinian yo
be so forever. ’

The models need to be usable by learners a

ur usual text editor or

: : - *“"word processing applica-
If-gpotheas. A review of the Origin of Species.tion. Macintosh and PC

iginally published in 1859 and reprinted inusers may use similar pro-

teachers. It is difficult to design model SyStemEarwiniana, 1893. A selection republished incedures specific to their
and displays that are useful by everyone fromyjiieo’s Commandments. An Anthology of system and communica-

high-schoolers to advanced investigators. Mogtaat Science Writing” ed. by E.B. Bolles, W tion software.

models will be constructed so that they coveli Freeman. New York. 1997 pp 257-266. 1.
very few hierarchical levels; one comprehensive \jarmarelis. V. 7. J. B. Bas,singthwaighte D.

model covering genome to physiome is currently D'Argenio, and D. M. Foster. Overview of 2

impossible. Predicting organism level adaptiVRHH-funded biomedical modeling and simula

behavior without bringing all the pieces togethef,, resources. Proc. Int. Fed. Automat. Contrio3.

will be difficult, so strategies will have to be“ModeIing and Control in Biomedical Sys-
developed by which the behavior of pieces of thg, .<»-14-15 1994.

system can be represented at the higher levels, . ] 4.
even while maintaining capability to adjust those ~ James B. Bassingthwaighte
pieces at their deeper levels. 5.

Enter ftp nsr.bioeng.
washington.edu at the
system prompt.

. Enter anonymous at the

resulting Nameprompt.
Enter a complete elec-
tronic mail address at
the Password prompt.
Enter get Readme at the
ftp prompt.

Enter quit to return to
your system.
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Fractal Generation and Analysis Programs from the NSR Web Site

Program packages are available for the generaethod is also inaccurate, but we have not yet
tion of synthetic one-dimensional signals thawell characterized its inadequacies.

are fractional Gaussian noise (fGn) or fraction%
Brownian motion (fBm) and analysis programs
for determining the fractal dimensidp or the

ignal analysis programs include:

disp: Perform dispersion analysis on a fractal
L _ time series. Notes: Dispersion analysis is for
related Hurst coefficient, H =2 - D from a the analysis of an fGn and is not suitable for ana-

fractal one-dimen.sional signal. zing fBm (Bassingthwaighte et al, 1995; Cac-
Each package includes the source code for t etal., 1997)

product, its test program, and all subprograms hurst:
upon which they depend, a README file with i
notes about the files, a manual page (plain t

Perform Hurst rescaled range (R/S)
analysis on a fractal time series, an fGn, not an

e])g R
X . m. The rescaled range analysis is included for
and UNIX troff source versions), a Makefile tohistorical perspective and in recognition of the

create and run the test program, and the auX'l""‘l%lrvellous insights of Harold Edwin Hurst into

f||e_|§hreqwrecfitby the tesli program. be t ¢ thc? analysis of natural time series. The method
ese sottware packages can be Wansterrgd j,q, yeyer, seriously flawed and gives biased

using anonymous ftp by clicking on the name q esults even if trend correction is used
the pgckage desire(_j, or by using the procedu{ﬁassingthwaighte et al., 1994).
descilbed in the S'd?bar “Anonymous ftp a flowrect: Perform relative dispersion (frac-
'\.ISR on page 3 of this newgletter. Transferre [) and correlation analysis of flow distribu-
files are compressed tar archives which, if auu?fons. Flowrect reads coordinates and flow val-
matically uncompressed by a helper applicatiolﬁ\es for voxels of a 3-dimensional organ,

'SNBI/;ur browser, m§y|ft3[$| e;gltracted ustlng tthgalculates the relative dispersion (RD) of flow
X tar - command. 1l the Hies aré not auloy, o\ er_|arger groupings of adjacent voxels, and
matically uncompressed during transfer, unco

stimates the sl f th h of log(RD -
press the transferred files with the UNBém- "Cstimates the slope of the graph of log(RD) ver

d bef tracting the fil it sus log(volume). For the same data, the correla-
press command before extracting he Ties wi rlion statistic (r) for pairs of flows as a function of
the tar command. Files extracted from thed

hi Il be placed i bdirect istance is also calculated.
archive will be placed In a New SUbAIreclory £\, peta test programs are available and are
with the same name as the program.

undergoing final testing. The first three are ver-
Signal generating programs include: sions of scaled windowed variance analysis
fgp: Generates a fractional (fractal) GaussiafCannon, et al., 1996) and are described else-
process 1-dimensional series at evenly spacethere in this newsletter.
intervals using the Davies-Harte method. This is swv. Estimate the Hurst coefficient of a time
the recommended generating algorithm. It haseries using scaled windowed variance analysis.
References the correct autocorrelation; the falloff in power bdswv. Estimate the Hurst coefficient of a
Bassingthwaighte, J. B., andspectral density with frequency follows a powetime series using bridge detrended scaled win-
G. M. Raymond. Evaluatinglaw only at very low frequencies, deviatingdowed variance analysis.
rescaled range analysis for timeggreatly from those at high frequencies. (Caccia, Idswv: Estimate the Hurst coefficient of a
series. Ann. Biomed. Eng.etal., 1997). time series using linearly detrended scaled win-
22:432-444, 1994. ssm Generates an fGn or fBm 1-dimensionatlowed variance analysis.
Bassingthwaighte, J. B., andseries at evenly spaced intervals using the spec-acf. Calculate the autocorrelation function
G. M. Raymond. Evaluation of tral synthesis method. This is the standard speand Hurst coefficient.
dispersional analysis method fortral synthesis method, widely reported and used, Cannon, M.J., Percival, D.B., Caccia, D.C.,
fractal time series. Ann. butitis not correct. It has power law diminutionRaymond, G.M., and Bassingthwaighte, J.B.
Biomed. Eng. 23:491-505,in power spectral density, but the autocorrelatioBvaluating scaled windowed variance methods
1995. is incorrect (the correlation between the first anfibr estimating the Hurst coefficient of time
Caccia, D.C., Percival, D., seconds points is the same as between the fissries. Physica A 241, 3-4, 606-26, 1997.
Cannon, M.J. Raymond, G. andand last). Error is reduced by generating a signal
Bassingthwaighte, J.B. Analyz-of at least 2N, preferably 8N, and then taking
ing exact fractal time series:any segment of length N out of the results.
evaluating dispersional analysis sra: Generates a one-dimensional f{Gn or fBm
and rescaled range methodsseries at evenly spaced intervals using the suc-
Physica A 246 3-4, 609-32,cessive random addition method. Notes: Like the
1997. SSM method, the successive random addition

Gary M. Raymond
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Now available, the XSIMMMID4 [ o2 BE
User Guide Model Par-File Reference | Parameters Results Help

: . . “pytimiz MMID4 model layout
MMID4 stands forMultiple path,Multiple Indi- Idle Run__ Uptimiz e modetiayou
catorDilution, 4 region model. MMID4 is used .
. STNGSRY General scalars
to model the blood-tissue exchange of three : ‘ : . .
h ins in th | E ""DUth"Ct'O"S I Input function scaling
tracers—one that remains in the vasculature, one @ vascular/microvascular 0perators - [yascular input
that leaves the capillaries but does not enter [gie : Reerufimeni :
. Extracellular input
ceI_Is, and a permeable tracer that enters cells.|; Flow heterogeneity M rermes s
Using MMID4, the effects of excha_nge ar_1d flow Model outputs - Deconvolution
heterogeneity on tra_cer delay, dispersion and Figure 1. Opening the vascular input window from the main window
uptake may be examined.
The MMID4 User Guidefor SIMCON has eter file into XSIM, then manipu-
now been rewritten for XSIM. New XSIM userslates the parameters as he or < Wascular Input
interested in modeling transport phenomengmrogresses through the exercise. T Select ¢ =~ §
with MMID4 will find that the extensive tutorial content of the exercises is essentia fumection  Pulse 83
section of theGuideis an excellent set of exer-the same as in the SIMCON VersiC  s1es Pulses 81 & #2

cises and reference. Much of the tutorial matef the tutorial. | RS T
T . . &tart e | O Sawtooth pulse train
rial is now applicable to more complex models, An MMID4 reference manual is = SIS wWire Bailes PR
. . . 1
as well as MMID4. Those who have not useéhcluded in the guide. The referenc ™1™ |* | i gaed-narmal density functien

Caanrniivien relr la b e dsm ety T than

XSIM models and who would like to run a moresection provides detailed discu: “mafitue|
complex model, such as GenTex, will find thesions of model capabilities such & Frequency| 1 F25%0 F5e SR8 et
XSIM MMID4 tutorial a useful introduction to heterogeneity, deconvolution, vasc: phase Laa | © Expomentinl dersity function
the XSIM interface and the concepts of multitar and BTEX operators, as well as—————— Randoim walk density function  —
region blood-tissue exchange modeling. Experiescriptive lists of model parameFigure 2. Selecting the input function
enced XSIM users will find the tutorial is anters. option sine pulse train.
effective way to learn about the MMID4 model. The new MMIDA4 tutorial is accessible via the
The tutorial presents a series of interactivBSR WWW page,
exercises which the user can run under XSIM. http://nsr.bioeng.washington.edu/
At the start of each exercise the user configuresider “Publications ...", then “MMID4 Guide”.
the MMID4 parameters by loading a new param-

Jim Ploger

Fractals: Scaled Windowed Variance Analysis for fBm Signals

Scaled windowed variance (SWV) analysis of Two variants of SWV have also been investi-
fractional Brownian motion signals computegiated. Linearly detrended SWV (LDSWV) sub-

the means of the standard deviations (SD’s) afacts the linear regression line of the data in
different scale lengths to obtain an estimate &ach window from the points before computing

the Hurst coefficienH, or the fractal dimension the standard deviation. Bridge detrended SWV

D, whereH =2 - D. Given a series ol points, (BDSWYV) subtracts the line connecting the first

the data is partitioned into non-overlapping winand last points in each window before comput-

dows of size 2, 4, N/2,N. The SD of each win- ing the standard deviation.

dow is calculated, and all the standard deviations The analysis programs SWV, BDSWV and

of a particular window size are averagedDSWYV are available as beta test software from
together. The averaged SD's are found to followsr.bioeng.washington.edu by anonymous ftp in

a simple scaling law, SD,/SD, =(m/n)", the directory pub/FRACTAL/SWV, pub/FRAC- Reference
wherem and n are window sizes an#ll is the TAL/LDSWV, and pub/FRACTAL/BDSWV.
Hurst coefficient.H is the slope of the linear They can also be downloaded from
regression of the logarithms] =[log(SD,,) - http://nsr.bioeng.washington.edu/ . .
Iog(STI)n)]/[Iog(m)— log(n)]. Practically, nr]the by clicking on, first, “Available Software”, then and ‘]B Bassmgthyvmghte.
largest and smallest windows yield estimates ¢Fractal Analysis Programs” (under the headingve.lluatlrlg scaled wm_dowgd
the averaged SD that diverge from this simpl&ther Analysis Programs” at the bottom of th?;;'agz(:s??gg%isgtezﬁ!nl?f:gg
equation. Cannon et al. (1997) give advice opage), then clicking the name of the desired . _ )
window sizes best omitted from the calculatiopackage. series. Physica A 241:606-626

: 1997. Reprints are available
based on the length of the series analyzed. Gary M. Raymond from NSR.

M.J. Cannon, D.B. Percival,
D.C. Caccia, G.M. Raymond,
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Generalized Nonlinear Modeling
of Blood-Tissue Exchange and Metabolism

A new multi-pathway, multi-species, nonlineain terms of experimental design and data analy-
blood-tissue exchange model (GENTEX) hasis. Shown in Fig. 2. is a nonlinear transporter.
been developed and implemented under XSIMeubstrate (S) binds to the transporters (T) at one
The multi-pathway structure of GENTEX isside of the membrane; the transporter-substrate
similar to MMID4 and MSID4. The capillary- complex (TS) undergoes conformational change
tissue exchange unit uses a “tissue cylindetd face the other side of the membrane, and then
consisting of 6 concentric regions of equaleleases the substrate. The binding is governed
length (Fig. 1). The two convective regions repby equilibrium dissociation constamty and is
resenting RBCs and plasma can have differeassumed to be instantaneous. The conforma-
velocities. Exchanges between RBCs anibnal change is assumed to be first-order with
plasma and chemical reactions in blood amate constant®); andP;g, for T and TS, respec-
incorporated in the large vessel operators fdively. The apparent unidirectional PS from
arteries, arterioles, venules and veins. Nonlinegggion 1 to region 2, for example, is
features of the model include competitive menPS, = Flux,,/C; = C;g; P15/ C;, whereCqg; is
brane transporters with instantaneous surfaoglated toC, via conformational change and
binding, competitive slow on-and-off bindingbinding. ThereforePS, is generally dependent
within each region, and enzyme binding andn the concentrations of free substrate in both
reaction sequences within each region. Thegions,C, andC,. Michaelis-Menten transport
model accounts for both nontracer and tracés a special case under the conditions: (1) sym-
substances of up to 5 species. The nonlinear faaetric conformational change, (2)
tures are dependent solely on the nontracer cdfy; = Ky, =Ky, and (3) zero capacitance, i.e.,
centrations. The definition of tracer in this modeho receptor. In this caseRS,=V,«/ (C; +
is a tiny amount of species that is chemicallX,), where V., = T;,iPtPrs/ (PP, Ky =
insignificant and follows exactly the same&K,P;/(P;+P;g) andT,, is the transporter den-
behavior of the mother substance. Interactiorssty, mmol g-.
among species are allowed via chemical reac- Shown in Fig. 3 is a simulation of a bolus
tions (first-order, Michaelis-Menten type orsweep experiment in which a bolus of tracer and
enzyme binding & reaction). nontracer substance is injected in order to char-
Nonlinear trans-membrane transport is one afcterize nonlinear trans-membrane transport. To
the highlights of GENTEX and is used here tdocus on the nonlinear behavior of the mem-
illustrate the potential application of the modebrane transport, the simulation used single-path-
way, single-species, and two regions (plasma

and endothelial cells) with high consumption in
\i )/ the cells. Two cases were tested: Michaelis-

Menten transport and nonlinear transport with
Capillary:  capacitance. Model parameters used are the

Y i
L Ve PS,. Cre)  Ling RBCs (tbc) Same for both cases. In both cases, the mean
Fo Vo . H **************** value of PS from plasma to endothelial cells,
vV, aPS Gy Do &plasma (p) = _ _
P 4% PS. Was reduced in presence of nontracer in
v P%a\\ G Dei Endothelial  the capillary (bottom panels), resulting in lower
e PSca R Cells (ec)  instantaneous extraction (middle panels). This
v R ,¢, -~ Gy D g Interstital ~ phenomenon was more pronounced when the
st N, "PSer | ) s\ Fluid (s center of the bolus passed through the capillary
——— VP§. —— VPS, =5 —— and when the amount of nontracer substrate in
C ., [ Gpe pc ———— Parenchymal .
E Ve = e 4> B, | celspc) theboluswas increased by tenfold. Furthermore,
= = T ——] there is marked difference in kinetics for these

Figure 1. Model diagram for capillary-tissue unit. Model parameters are subscribed

two types of transporters. A membrane trans-

by region names: rbc for red blood cells, p for plasma, ec for endothelial cells, isf for porter with capacitance also served as two sur-
interstitial fluid and pc for parenchymal cells. F|s flow in ml mint g*. Vand V' are face receptors and is equivalent to a Michaelis-
real volumes and volumes of dlstrlbutlon inml g*. PSis the effectlve permeability- Menten transporter with equilibrium binding

surface area product (ml min’t g ) representing Ilnear or nonlinear trans-membrane
transport including linear pathways through the endothelial clefts and between the 2
ISF regions. G is consumption, ml min™ g™*. The kinetics of binding sites (B's) can be

sites in plasma and endothelial cells in this par-
ticular case. The result was prolonged retention

fast or slow, competitive or non-competitive. Dis the axial dispersion coefficient of substrate (notice the extraction ratio never
(cm? ). fVg, is the fraction of total ISF region distant from capillary. returned to unity), which was less obvious when
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more nontracer was injected because the trar , s
porter/receptor was saturated faster. With bolu ! region 1 K f
sweep experiment, more insight can be gaine -

with a single injection because the nonlineeSubstrate concentration PS, K TS,
transporter kinetics can be explored over a wicin region 1.C, é_ '

range of substrate concentration. Fig. 4 shov
the PSconcentration relationship: the effective
PSS, decreased from nearly 10 to about 2.
mimintg? when nontracer concentrations
increased from 0 to 2.5M. Note in this case,
the total amount of nontracer injected wa

el
2.4umol, Ky = 0.7 uM, and T,,, = 0.11 nmol Pr. Prs i \
g'l.With high consumption in the last experi_Figure 2. Model diagram for nonlinear transporter. There are 4 forms of trans-
rporters (mmol g'l) in the 2-sided membrane: free transporter facing side 1 (T,)

ment, endothelial cells Serve_d as a sink result and side 2 (T,), and transporter-substrate complex facing side 1 (TS;) and side 2
in return flux from endothelial cells. Backflux(rs ).

was observed using lowes,, e.g., 2 ml min*
-1
g

In summary, GENTEX can be used for exper Michaelis-Menten Transport Transport with Membrane Receptor

imental design, such as varying dosage at

I

T,

Substrate concentration

Membrane
Y
(2]

X/I 1\

in region 2,C, PS, TS,

' i d2
Kgr Kgi: Molar | region 2 J
' S,

. . 0.3t —h 0.3f
flpws_ in appropriate ranges, to explor_e trace \malized _ hv@24um0| o
kinetics related to underlying mechanisms ¢  oufiow °-2f - hp@0.24pmol 2r
nonlinear membrane transport and cell metab h@t 0.1} pE 0.1}
lism, and for modeling analysis to gain physio 0.0 . 00

logical insights from the experimental data. Th
GENTEX model is conceptually general but it 10k 1.0l
numeric algorithm is well designed so that spe

cific or simpler applications can be set up witl'“S‘a“ta”eOU% sl
high computational efficiency. The model is Extraction ™
widely applicable for studies of receptor bind (v /h
ing, enzyme kinetics and membrane transport.

0.5}

0.0 " 1 " I . | 0.0 " 1 " 1 . |
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Figure 4. Plot of effective PS vs. nontracer concentration from the bottom panels of
Fig. when injected nontracer amount is 2.4 umol. Left panel: Michaelis-Menten

transport. Right panel: nonlinear transport with capacitance. The hysteresis loop in
the left panel was the artifact of averaging PS and C, over the length of the capillary.
The buffer effect of the receptor exaggerated the hysteresis loop in the right panel.
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NSR at Experimental Biology 98

NSR was part of the “Computers in Research and Training” demterest definition, and its use in conjunction with XSIM running a
onstration at Experimental Biology 98 in San Francisco’s Moscomeetabolic model to yield parametric images of blood flow S+
Center, April 18th through April 22. MHED uptake in the LV mapped onto a parabolic cone.

We displayed XSIM, our easy-to-use Xwindow-based simula- Our exhibit and demonstrations proved interesting to many. Pro-
tion program. Using XSIM and a simple two-compartment modééssors from many institutions want to use XSIM and our meta-
we demonstrated “Model Behavioral Analysis”, an XSIM featurgolic models for their physiological simulation courses. Represen-
that automatically generates contour plots of an output variablet@$ves from pharmaceutical companies were excited about our
different parameters are varied over a range of values. metabolic models. We talked with many researchers about using

We also demonstrated GENTEX, a generalized tissue exchak@M to model diverse processes, including transport and
model for nonlinear transport processes (facilitation, inhibitioaxchange in skeletal muscle, ischemic reperfusion, injured organs,
competition, and capacitance in the membrane) and chemical rgdmonary microcirculation, Ca++ flux, counter-current exchange,
tions (fast and slow binding, Michaelis-Menten kinetics, armgharmacokinetics, bone remodeling, and nutrition modeling.
enzyme binding and reaction).

Our exhibit showed 14, a four-dimensional biomedical imaging
system, with automated myocardial left ventrical (LV) region-of-

Gary R. Raymond

NSR Simulation Analysis Workshop: Modeling and Imaging

This workshop will help investigators learn to use computer simufitting models to data
lation and modeling as aids in understanding biological system&omputer implementation techniques
a_md as tools for anal_y2|_ng data. Two_fou_contrlbute to those ob_jeéén eral information
tives: 1) general principles governing intravascular convection,
membrane transport, and metabolic reactions in studies of whigRies: 13-15 September, 1998
organs; 2)analysis of time-course data from outflow dilutidanrollment: limited to 18
dynamic imaging studies. Tuition: $300 . .
“Hands-on” computer work during the workshop will uséccommodation: Available in local hotels/motels
XSIM, a graphical user interface for simulation control and analjfavel: Participants to make their own arrangements
sis developed by NSR. Participants may bring problems and d@igestions and registration

from their own research to be considered during the course. . . : .
For answers, contact Rita Jensen, jensen@nsr.bioeng.washing-

Areas to be covered ton.edu (206-685-2005) or Rick King, rick@nsr.bioeng.washing-
« Membrane transport and receptor kinetics ton.edu (206-685-2007). To register, use the form enclosed with
« Heterogeneity this newsletter, or register online by visiting NSR’s website at
« Cellular metabolism and enzyme kinetics http://nsr.bioeng.washington.edu/, then clicking “What's New?”

« Functional imaging with kinetic models followed by “Modeling and Imaging”.

Eric Lawson, Publications
Bioengineering, Box 357962
University of Washington
Seattle, WA 98195-7962




