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Outline

e Analogies — Why this talk?

e Engineering proteins

e Computer tools for genome analysis
e Conclusions

InterzOne Ill — Atlanta



The Analogy
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Ribosome : RNA

Stack Pointer (SP) M &=

." .b- “
.__‘x\ e
/ ,,/"*~ i
JL-J L
o' . "; i e )
itht_ 2 Il' ?
. _‘- [ \-""E_HK ;
e -

\ . INaa
M | \
et~ W \
C"”’s;ﬁz
1 A

5 A Map Of The Large Ribosomal Subunit

InterzOne Ill — Atlanta




The Analogies, cont.

Instruction Pointer : Machine Code ::

Ribosome : RNA _
e The ribosome translates mRNA to polypeptides

(transcription -> RNA- processmg of pre-mRNA
->mRNA translation)

The ijQsorl'le

The
Ribosome: Structure,
Function, Antibiotics, and

Cellular Interactions
4(2000)

Central protuberanc



More Analogies

) Canonical shell commands: cp, mv, cc, ar, In, Id, gprof, ...

I1) Biological functional elements: DNA Polymerase, ATP/GTP
Powered Pumps, Ribosome, Signal transduction pathways,
measure macroscopic gene expression, ...

H. Sapiens

_ PDB: 1zga

E£coli

PDB: 1kin ,
Viral

PDB: 1clq

DNA Polymerase
Small piece of DNA :
5bound is purple & green InterzOne Il — Atlanta




hACKER Lab vS. BIO Lab
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Machines

e DNA sequence
synthesis

e Online can buy for
$.50/bp, up to 45
nucleotide length
fragment.

e Buy your own
peptide/nucleotide
synthesizer for
$500-$25K USD.

DNA Synthesis - Beckman
Oligo 1000

Peptide Synthesis - Applied
Biosystems 431A

InterzOne Ill — Atlanta



PCR lets you assemble pieces ad
infinitum
e Sketch:

Applied BioSystems Real-Time
PCR machine ($25K-$45K)

InterzOne Ill — Atlanta



Engineering

e Engineer a protein

e Engineer an organism
.... Why?

“There Is at present no understanding of this
hacker mindset, the joy in engineering for its
own sake, in the biological community.”

-Roger Brent (Cell 2000)

InterzOne Ill — Atlanta
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Oh, engineered organisms

corn
Tomatoes
Citrus fruit

()

And our friend, the fruit fly, Drosophila
Melanogaster

Celera, Inc. released information on genomic-
scale engineering, not available at press time

InterzOne Ill — Atlanta



Primary Flows of Information and Substance in
a Cell

[ m RNA}
structural
S i
proteins
structural| [structural
sugars lipids

InterzOne Ill — Atlanta

7
’
’
/
1
\

-
-
-
-

LRSS ” /// 1 signaling
| molecules
environment

11 other cells

transcription splicing
[ factors } [factors} [Receptor% [Enzyme




12

Review:

Protein... hunh?

which are called 1

main-chain atoms and side «

main=chain part, wihilch 15 identi 1
contains a central O, atom attachi
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Why engineer proteins?

e 1) Engineered macromolecules could have
experimental use as experimental tools, or for
development and production of therapeutics

e 2) During the process of said engineering,
new techniques are developed which expand
options available to research community as
whole

e 3) By approaching macromolecule as
engineer, better understanding of how native
molecules function

13 (D0y|e, Chem & BIO, 1998) InterzOne Il — Atlanta



Is this how a “hacker”
approaches a problem?

e 1) determine what are elemental tools/components,
learn to work with them, develop something new

e 2) engineering in the large

e 3) note however the physics/chemistry of proteins,

the Levinthal paradox, and the amount of effort
spent on protein folding, 1.e. “more time to hack”

Levinthal Paradox (1968):

given a peptide group 3 possible conformations of
bond angles ¢ and g, in allowable regions
given a protein of 150 amino acids
= 3150 possible structures ~= 1098
Real folding times are
: - 12
time of bond rotation 10'“s 0.1 — 1000 sec

1088 * 107125 = 10%6sec=104® years

14 Life on earth 3.8 * 10? years InterzOne Il — Atlanta
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Methods for age novo protein
SUUESE

Two methods:
TASP: Template-assembled synthetic proteins

RAFT: Regioselectively addressable functionalized
templates

“Small proteins or protein domains that are structurally stable and
functionally active are especially attractive as models to study
protein folding and as starting compounds for drug design, but to
select them is a difficult task.

Advances In protein design and engineering, synthesis strategies,
and analytical and conformational analysis techniques allowed for
the successful realization of a number of folding motifs with tailored

functional properties.”
InterzOne Il — Atlanta
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Adding functional motifs to stable
structures

(Tuchscherer, Biopolymers, 1998)

TEF L |"
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molecular kit -~

< s>

FIGURE 2 Locked-in ternary fold
principles of a molecular kit, mdividu

turns, and loops are covalently attache
templates esuling multib nr_lrm"] molecul
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Ligand Binding — protein flexibility
“In this study, we set out to elucidate the
cause for the discrepancy in affinity of a
range of serine proteinase inhibitors for
trypsin variants designed to be structurally
equivalent to factor Xa.”
(Rauh, J. Mol. Biol.,
2004)

Def: Ligand

Any molecule that binds
specifically to a receptor site
of another molecule; proteins
embedded in the membrane
exposed to extracellular fluid.




One way to test for ligand
binding

. Ligand

LED—-[ lﬂl— LBD

Gal4 DBD Gald4 DBD

. Genete selection using 8. cere strain. PI69-4A this
1 the nuclear rec |.l|__'dl'l-d bmding doman (LBIDY) 15 fused to
ymain (Gald DBD). The fusion protein by dl.

ntrollmg t

(Doyle, Biochemical - and /15 _
and BlophySICaI for the : toy ¢ aimn Lnd pl.irm rh'.'..l.'n.-r\nrrv.
Research Comm.,, lats minus histdine but containing the appeopriato ligand, the mu-

I or activates tri . A Process
2003) 3} o classic ; 1all mole
ents the histidine dumrrnph Ltllnwrln o5
through a pro ermed “chemical -._n.‘-mpl._m._nr.dr_u:'.-n.
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Bioinformatics Databases

Completely sequenced genomes COG - Clusters of orthologous groups
Pfam ‘
SwissProt '
SMART BLAST with CD [-on
\ (Conserved Domain)

PSI-Blast searches the Non-redundant (NR) database
19 InterzOne Il — Atlanta



How to Access the Human Genome (and other

sequenced genomes)

 ftp://blah.blah.blah.blah

Index of ftp://ftp.ncbi.nih.gov/genbank/genomes

Up to higher level directory

A thaliana 10/17/2003 0:00:00

(xjﬂnnpheles gamb ige 5/7/2Z002 0:00:00

Bacteria 4/7/2004 18:25:00
C elegans 6/14/2002 0:00:00

rij e lanogaster 10/19/2000 0:00:00
H sapiens 4/15/2004 0:23:00
rLWLeptDspira interrogans serovar Copenhageni 3/22/2004 17:40:00
((T|MITOCHONDRIL 11/2/1999 0:00:00 hs_phsO.fna.gz Survey sequence (app
hs_phsl.fna.gz Unordered contigs (e
M musculus §/1z/z00z2 0:00:00 hs_phsz_fna_gz Ordered Contigs (eac
[(p falciparum 5/11/199% 0:00:00 hs_phs3.fna.gz Finished sequence
rijlastdium falociparum 10/11/2002 0:00:00

Dusue Index of fep://ftp.ncbi.nih.gov/genbank/ s/H_sapiens
eoE oL naex o p p-ncpLNnin.gov/genovank/genomes/ i sapiens

rLWR norvegicus

Up to higher lewel directory
(xjs cerevisiae \
FEELDME 2 KB 1071772003 0:00:00

"
I_Ths phasel.fna.gs 944083 EB 4/14/2004 21:36:00

ot
I_Ths phasel.fna.gs 606370 KB 4/14/2004 ZZ:35:00

ot
I_Ths phasez.fna.gs 45457 KB 4/14/2004 Z2:39:00

ot
I_Ths phased.fna.ges 1090520 KB 471572004 0:23:00
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How to analyze a genome, or
subsequence (pl)

15t Step: a) Working with unknown protein sequence; BlastP with
CD on; you're finding similarity to other proteins, similarity of
entire AA seguence

b) COGnitor, precomputed BLASTs; metabolic pathways
annotated; COGnitor more sensitive since 1) found similarities in
BLAST, pulled them out 2) works on domain level

2"d Step: SEG (filtering of low-complexity segments); run COILS
find a-helices; run SignalP find signal peptides; intrinsic properties
of SMART, DAS

3'd Step: run PSI-BLAST to convergence; Pfam picks up 60% of
known homologs (genes with common ancestor); started with few
genomes

InterzOne Ill — Atlanta
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How to analyze a genome, or

subsequence (p2)

e 4% Step: take result from PSI-BLAST; run Multiple Alignment
on that; run Consensus
(http://www.accelrys.com/insight/consensus.html) to find
conserved regions

[ N2 | . o N
/

JrRED:

» 5% Step: Predict secondary structure: Y j ’1’
http://www.compbio.dundee.ac.uk/—www-jpred/

— Prediction method: “Jnet; two fully connected, 3 layer, neural
networks, the first with a sliding window of 17 residues predicting
the propensity of coil, helix or sheet at each position in a
sequence. The second network receives this output and uses a
sliding window of 19 residues to further refine the prediction at
each position.”

— Determine if protein of unknown function;, make inferences based
on structure prediction

InterzOne Ill — Atlanta


http://www.accelrys.com/insight/consensus.html
http://www.compbio.dundee.ac.uk/~www-jpred/
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PSI-BLAST

http://www.ncbi.nlm.nith.gov/BLAST/

A normal BLASTP (protein-protein) run is
performed.

A position-dependent matrix is built using the
most significant matches to the database.

The search is rerun using this profile.
ne cycle may be repeated until convergence.
ne result is a ‘matrix’ tailored to the query.

InterzOne Ill — Atlanta



24

Evolutionary Genomics

e From a phylogenetic tree can infer
iInheritance of proteins, and thereby
organisms (conserved vs. non-conserved
domains, etc).

Definitions:

homologs: if two genes/proteins share a common evolutionary history
(not nec. same function)

analogs: proteins that are not homologs, but perform similar function

paralogs: products of gene duplication

orthologs: genes that are derived vertically, no guarantee that perform
same function InterzOne Il — Atlanta




Three types of trees

The Three Types of Trees

+ Cladogram
= Relative recency of
common ancestry

= No measurement of
time or change

((A.B).(C,(D.E)))

The Three Types of Trees

d

The Three Types of Trees

* Additive tree

(Phylogram)

m Relative recency of
comumnon ancestry
Branch length
contains additional

information, typically
related to the amount
of change between
sequences

— [

((A.B)(C.(D.E))

¢ Ultrametric tree

(Dendrogram)
= Relative recency of
common ancestry

Depicts evolutionary
time directly as years
or indirectly as
amount of sequence
divergence via
molecular clock lime

((A.B),(C,(D.E)))

Rooted vs Unrooted Trees

+ Cladograms and

phylograms can be either
rooted or unrooted

s Cannot define ancestors and
descendants m the same
manner

= Can still distinguish clusters

e Particularly useful in looking at
different functions of related
proteins.

s Root of a tree 1s not

necessarily assigned correctly

by the program.




Tools that are neat

e BLAST - does the stuff you'd expect it to

— It finds stuff.

— There’s some math about why that’'s good,
it isn’t interesting (unless you're a
statistician, you aren’t a statistician,

right?).
— It works, don’t mess with it.

e 3DPSSM
— What's a PSSM?
— Whoa, 3D!
— Does it really work?

e Trans-membrane proteins

— 20AA a-helix and you got a
transmembrane prot.

— (see next slide)
26
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Recognise a Fold
Fold Library

Lawrence Eelley

GlaxoWeflcome

http://www.sbg.bio.ic.ac.uk/~3dpssm/

Imperial College of Sdence, Technology & [Medidne
Fold Recognition Server

Fold Library Last Updated: Tue Apr 13 06:00:00 2004: [9662] Structures

Disclaimer and Terms of Uze

Visitors To Date: 185,299
Welcome to the 3D-PSSM Web ServerV 2.6.0

Last updated: Mon, 05 Apr 2004 08:20:53 GMT

A Fast, Web-based Method for Protein Fold Recognition using 1D and
3D Sequence Profiles coupled with Secondary Structure and
Solvation Potential Information.

Click on in the menubar to the left to

submit your sequence

InterzOne Ill — Atlanta



ldentify trans-membrane proteins

. . Figure 12.1 Four different ways in which
http://www.cbs.dtu.dk/services/SignalP/ protein molecules may be bound to a
membrane. Membrane-bound regions are
green and regions outside the membrane are

NObeI Prize for Slgnal Peptides: The 1999 NObel red. Alpha-helices are drawn‘ as cylinders and
] ) . __ B strands as arrows. From left to right are
Prize in Physiology or Medicine has been awarded to (a) a protein whose polypeptide chain traverses
. - " . the membrane once as an o helix, (b) a protein
Glnter Blobel for the dlSCOVGI‘y that prOtelnS have that forms several transmembrane o helices
intrinsic signals that govern their transport and conneeted byiygrophiialloop regians
) ) ) ) ) (c) a protein with several B strands that form a
localization in the cell." The first such signal to be channel through the membrane, and (d) a
. . . , . protein that is anchored to the membrane
discovered was the secretory signal peptide, which is by one o helix parallel to the plane of the

membrane.

the signal predicted by SignalP.
27 InterzOne Il = Atlanta



Three Case Studies

e Elite Organisms:

— Single nucleotide change causes measurable phenotypic
change (i.e. a fish can see different wavelengths of light),
(Yokoyama et al. 2000, PNAS)

e Engineered Biocatalyst Proteins:

— Diversa Corp, develops methods for high-throughput
biocatalyst “discovery and optimization” (Robertson et al.
2004, Current Opinion in Chemical Biology)

e Two protein drugs (FDA approved).:
— TPA — Tissue Plasminogen Activator (Genentech 1986)
— CSF — Colony Stimulating Factor (Amgen 1987)

28 InterzOne Ill — Atlanta



Diversa Corp and High-throughput

“Biocatalytic technologies will ultimately gain
universal acceptance when enzymes are
perceived to be robust, specific and inexpensive
(i.e. process compatible). Genomics-based gene
discovery from novel biotopes and the broad use
of technologies for accelerated laboratory
evolution promise to revolutionize industrial
catalysis by providing highly selective, robust
enzymes.” (Robertson et al. 2004, Curr. Op. in
Chem. Bio.)

Fitness for application threshold

AS

Paint mutation

{i.e. GSEM™,

error prone PC

gene shuffing)

Single amino

acid varants

Seresning sfringency

Combined amino
acid variants

Current Opinion in Chemic
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Giga-Matrix Technology

GigaMatrix™ Automated
Detection and Hit
Recovery System

o_—

InterzOne Ill — Atlanta


http://www.diversa.com/techplat/gigamatrix/GMx_needle.asp

Directed Mutagenesis, Enzyme Family Classification by
Support Vector Machines, and Support Vector Machines

given here. SVM is based on the structural risk minimiza-
tion (SRM) principle from statistical learning theory.** In
linearly separable cases, SVM constructs a hyperplane
which separates two different groups of feature vectors
with a maximum margin. A feature vector is represented
by X;, with physicochemical descriptors of a protein as its
components. The hyperplane is constructed by finding
another vector W and a parameter b that minimizes ||w|*
and satisfies the following conditions:
wW-x;+b=+1, forv=+1 Group 1 (positive)

(1)

w-x;+b= -1, foryv,= -1 Group 2 (negative)

(2)

where y; 18 the group index, W is a vector normal to the
hyperplane, |b)/||w|| is the perpendicular distance from the
hyperplane to the origin and [w]|f is the Euclidean norm of
Ww. After the determination of w and b, a given vector X;
can be classified by:

sign[(w - X) + b]

(Cal, Proteins, 2004)

Vapnick, V. (1995)
The Nature of Satistical Learning
3T heory. Springer, New York.

In nonlinearly separable cases, SVM maps the input
variable into a high dimensional feature space using a
kernel function K(x;, X;). An example of a kernel function is
the Gaussian kernel which has been extensively used in
different studijes: ' #4729 -31

K(X;Xj)=e" [y — 2= (4)
Based on earlier study®™*® and our own analysis, Gauss-
ian kernel function seems to produce better results than
other kernel functions. Linear support vector machine is
applied to this feature space and then the decision function
is given by:

fix)= ss'gn| la,x,lfll X;)+b
| im1 !

. a . ..
where the coefficients «; and b are determined by maximiz-
ing the following Langrangian expression:

I 1

1 1 1 1
Doy — 3 D oy K (X, X5)
i=1 i=1j=1

under conditions:

w; =0 and :‘_":n‘ﬂ-‘f =0
i=1
A positive or negative value from Eq. (3) or Eq. (5)
indicates that the vector X belongs to the positive or
negative group respectively.




Legal Problems with BioTech:
Why this Is a huge enterprise

e Approaches to drug < FDA Approval

patenting: — Takes years and
— Composition of years
Matter — A main reason why it
— Process Patent (i.e. takes so long for a
especially with FDA BioTech firms to
approval) return on investment
_ Structure (I.e. target buyouts
Characterization before product)

— Use Patent

32 InterzOne Ill — Atlanta
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Goals

e Introduce some current issues

e Introduce several resources that are around to address those
problems

e “| was a teenage genetic engineer”; “Temper the arrogance”
— On DNA Polymerase:

“Because the complexity of polymerization reactions in vitro
pales in comparison to the enormous complexity of multiple,
highly integrated DNA transactions in cells, the biggest
challenge of all may be to use our biochemical
understanding of replication fidelity to reveal, and perhaps
even predict, biological effects. In this regard, any arrogance
about our current level of understanding should be
tempered by the realization that the number of template-
dependent DNA polymerases encoded by the human
genome may be more than twice that suspected only four
years) ago.” (Kunkel and Bebenek, Annu. Rev. Biochem.,
2000

InterzOne Ill — Atlanta
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THE
COMMON
THREAD

b TP S S Ty
e O

SIS S S o F o oy

Reading

Eugene Koonin:

e Sequence - Evolution - Function: Computational
Approaches in Comparative Genomics (2002)

John Sulston: P i

e The Common Thread: A Story of Science,
Politics, Ethics and the Human Genome (2002)

Branden & Tooze:
e Introduction to Protein Structure (1999)

Ira Winkler:
e Corporate Espionage (1997) CORPORATE
e Spies Among Us: The Spies, Hackers, and
Criminals Who Cost Corporations Billions (2004) BP"]NHE[

Presentations from the O’Rellly BioCon 2003:

$ wget -r -A ppt,pdf
http://conferences.oreillynet.com/cs/bio2003/view/e_se
ss/3516

IRA WINKLER

InterzOne Ill — Atlanta
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