Computational and Experimental Simulations for Mass Spectrometry based identification of Biological Weapons.
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Overview:
Purpose: To assess the possibility of employing mass spectrometry in
the field of bioweapon detection using computational and experimentl
techniques

» Using a set of computer simulations, approximate what mass spectrometric
technique and approach would be best for the task: Top Down or Bottom Up.
‘approach (Ver Berkmoes et. al 2002)

. sing he experimenta Botiom Up technique, o perorm a set of tests for
detection and identiication of an organism within a complex mixtu

Introduction:

 Curtent polical events and s of terforsm have elevated the demand for
Suiable insrumentaton (0 detect and identiy polevma\ly reatering agents,
uch as bacteri, viuses, toxins, and chemical a

» This heightened demand for a robust instrument with the capabilty o
simultaneously identify all possible threats within a narrow timeframe exceeds.
current technology.

> p novel instrumentation with such capabilies, it is
necessavy w pmbe “The heshold of curent nsiramentaion. using boih
experimental and computation simulations.

> Computational simulations were run comparing a subset of abundant genes
from the target organism against the background complex mixture database at
both the tryptic peptide level (Bottom Up) and the whole protein level (Top
Down) 1o determine the oplimal mass spectromelric approach for the
bioweapon detection as well as what level of mass accuracy needed to make
confident identifcations.

> Experimental simulations were run by combining the whole cell lysate protein

fraction of five organisms under two scenarios: a Balllefield scenario and a
Homeland Security scenario

Computational Simulations

7 A “complex mixure” ofmitobal organms was generaled rom annotted
gonomes, contaring —B0,000 une airies rom 12 organiams (Fgure).
»An approach for detecting a target organism s ‘complex mixture of
crganiems was designed (Fiqure3)

An

epresentaio set) s used s he Gaiabase for e Heratonon
A expermerta raryof ragmertation paterns i composed o
of the 'representative set” proteins.

e “representative set” database is compared to the complex

misure, i orderto deni he presenc or absence of argetorgarism

inthe
€. collwas acletied as the “targetorganism wich s (0 be deected within
the background “compex mixure-.

A epresentalive se”daabase wascreate for (e arget crgarism

concidered housekeeping) were accepted as
the targe organiom . This
entrie:

he "representative set” for
Gatabase tomains 376 mumber of e

»1n ol deteaminethe most advantagecus spprosch fo orgariam detecion
in a background complex mixiure, theoreical simulations of both the Top Down
‘and Bottom Up techniques (Figure1) were applied to detect the target organism
(Figures 4, 6.7 8).

A nomaized scoring scheme, based on SEQUEST (Eng et al. 1994)

X correlation score was used for comparison of fragmentation patterns
(Fomuas .2

A nomalzed orgarism scoig scherewas develope, n o1t 10 s5ess
the relabilty of
o o ot o h Teptesemant s doipent (o s
4

>The simulations involve comparison between the mixture of 80,000 proteins

attempt to show that using
the target organism will not be faisely detected within the mixture of 12 other
organisms (Figures 8, 9).

Figure 1.

Organism Detection Approach
(Top Down and Bottom Up)

Figure 2.

Protein masses of Representative Set and
Background Set:

Figures.
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Protein/peptide Identification Based on MS/MS:
“The protein/peptide scoring scheme is based on the curent
SEQUEST X corrlaton score

Fo =3 x|

and Score s defined as:

*y[i+1] wherer i the displacement (Formula1)

Score(f1,2)= (F(0)- 3" F()yScore(fL, 1) (Formula2)

Comparison of Top Down and Bottom Up
approaches based intact mass and MS/MS

Figure 3. -
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»The Computatonal Bilogy Group (Larmer et al) at ORNL amnotated the

genomic sequences of 5 organisms sequenced by the JGI ushg a pipeine
consisting of hree common uiltes: Criica, Generation, and GLIMMER and
numerous database queries.

e 12 cganss,conaining 30000 proain, e ey found i
the environment and, therefo reasonable backy
oy for e st

0 o campuions s, € o vas i 0 b e et
o, 378 et st Tt
Comparison of Top Dowin and Bottom Up
approaches based on intact masses
¢ analysis

Figured L. TITITEERERReRess

Fraction of unique masses of proleins and pepiides from
“representative set” as compared 10 the background “complex
mixure”.

Al the Ra parent mass) from the
complex background are scored against the database of
proteins/pepiides from the “representative set. The comparison
between fragmentation patters of identical sequences produce
Scor

enitying
peptides witn

ragmentaton.

proten’s 10

Figures.

“The second hit score shows the top Score of proteins in the “complex
mixture” background umber of the

accepted score culoff s greater than 0.4. The average score, Sh
the average of scores of all the matched proteins/peptides in the,
“complex mixture” background set.

Top Down Protein identification with varying amounts
of MSIMS fragmentation (1-150 MS/MS ions):

ure 7.
Numer of MSIMS lons i cruclfor crrct proten entfadon. These
plots present thedependercyamong the umber of MSIMS ons

d the percent of i made A1 20
30 MSIMS fagments per proten, he emiicaon becomes rlable as
incorrect identifications are less than at 10% at score 0.4 (Score range

o
mparison between Top Down and Bottom Up
approaches for Bioweapon Identification
Percent of Incorrect Identifications vs Protein Score:
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Figure 8

Performances of Botiom Up pepiide assignment and Top Down
protein assignment are shown.  Bottom Up approach appears with
complete MSIMS fragmentation. Three Top Down experiments are
shown, with 5, 150 and 20 MSMS fragments per protein. With
increasing “Score cutoff’, the “Percent of Incorrect Idenifications’

dec i al Score = 0.6, Bottom Up shows f
incorrect identifcations, while Top Down with 5 MS/MS fragments,
st incorrect identifications, Top Down with 15

protein is enough for reliable identication. The result illustrate the
advantage of Top Down method over the Battom Up for this type of
idenifcation, as pepides are more likely 10 yield a false identiication.

Protein Uniqueness considerations:

s Impossie (0 assess whether @ prten s i fo 2 simple

database search, since there is no spec round database for the
e prten uneness st e aporoximated besed on

the current state of genetic informaio

»Solution: Family based profies.

»Using multiple sequence alignment between members of the same

family, it is possible to compute the likelinood of a protein fo be

completely conserved between different organisms.

u,is the normalized measure of uniqueness of the protein in nature:

Mt~ [ [ PMG@s. )
e the number of amino acids

in the protein sequence and (a, k) is the frequency of occurrence of kih
amino acid in kth position within the protein family.

(Formulazy e FM s freauency

Reliability of Organism Identification in an
unknown complex mixture:

iu‘l" and Y u=1

where N is the cammamy of reprosenatie set s the normalized
measure of unia ¥ the protein in nature, P, is a binary indicator
Whether protei & presentor o Tine following i wil e abetted
by protein reliabity score). v, is normalized, so that Organism Score
always equals to one (scores of diferent organisms can be compared)

OrganismSore: (Formula 4)
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Figure 9.

Experimental Simulations:

Expenmentst Desg

For both the battlefield and homeland security scenarios, the complex mixture of
organisms was searched against the database file containing the components of the
above mixture, and eight other organisms. The intention was to simulate analysis of
amixture whose concentration and components were unknown,

Methods:

Cell Growth and Production of Protein Fractions:

>Organisms in the complex mixiure were grown under their corresponding optimal growth

s the protein Score cutoff is lowered (as it will be
experimental data), the number of false positives increases, thus increasing the
likelihood o falsely identifying the target organism in the complex background.
When cutoft is low and allthe proteins are accepted as identiied, the target
organism is falsely detected with the score of 1, while when it is high, there are
o false erications and the ngamsmscare fs s 00, The
the detection
Figure), bowevern s smy Vere = anly one proten tht s shared
i the “representative set” and the complex mixture background (i's
weigh was caculted 1 bs th least amang &1 he oher protein n the
“representative ser’)
Conclusions
Computational analysis of the bioweapon detection in the complex mixture
showed tha:
>Top Down would be more desirable approach to bioweapon identification as
opposed to the bottom up approach. The reduction in complexity of the database
analysis contributes 1o the top down method as the more appealing method.
»The mass accuracy of the experiment needed for such idenification are
modest. provided the accuracy of the mass spectrometer + 10Da, MSIMS.
fragmenalo oficincy staing rom 102 fragments per prote)
Z1ts kel trat using the descried schemes R is not only pos ntity a
rget organism within a complex mixture background, but (o e | positve
aonitason of arge e

7Cells wers harvestd. washed tice with bufer, and dstuted wih sonicaton. A, thalana
amples were disrupted with liuid nitogen.  One crude profein fractions was. created by
Centiugaton (100000 o 20 mindes).
»Protein fractions were mixed, denatured, reduced and digested with sequencing-grade trypsin
(Promega).
LC-MS/MS Analysis and Database Searching:
xOne-dimensional LCMSIVS exparnents wes pedrmed wih an Utmale HPLC (LG Packigs,
& division of Dionex, San Francisco, CA) coupled o an LCQ-DECA or LCQ-DECA XP o trap m:
Soecromte (Thero Fimgan. S Jose, CA) equppea i an clecosrey surce, nectors
wiere made with a Famos (LC Packings) autosampler onto a 50ul loop. Fiow rate was. ~dulmin vith
a 240min gradient for each run.
A VYDAC 218MS5.325 (Grace-Vydac, Hesperia, CA) C18 column (300um id x 15cm, 300A with
Sim pare) o & VVDAC 230615 325 moramerc C16 (00 4 + 15m. 3004 wth i
im id fused siica.

£Fordtascuston, he LQuuas oprted i he dta ceprert e wi i excision
enabled, where the oy ful

»To increase dynamic range separate injections were made with a total of 4 or 5 separate iz
ranges scanned

»The resultant MSIMS spectra from each fraction were searched with SEQUEST against the
atanace peviously desenner Th rav ot i wer fhered and ored with DT ASeec and
were compared with Contrast (Tabb, D.L.; et al, Journal of Proteome Research, 2003). Perl scripls
were writen o P absence of

Results:
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» Homeland Security Scenario: AL 1:1 and 14 diutons, the presence of he taget organism, £

ol uas deecied. At the 140 a1 1400 dins e gl canos conlusely e ene. A

addtional experment diuton, was pertomed uih increased insyument time, but
Sl e et o gt g

Conclusions/Future Work:

>Altemative methods of data analysis are currently underway in order to
determine the optimal statistical method of identication.

Both MASCOT (Watrx Scence) and Protein and pepide Prophet (152) are
candidates to find reliable peptides for confirmation of presence or absence of
the target organism.

>Explore the threshold of detection within the 1:4 and 140 diutions to
characterize the fimit at the 270 minute analysis.

»Discover the threshold of detection independent of time.
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