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Systems Biology
Linking all the
components of a
cellin a
quantitative and
temporal manner
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1 Genomic DNA Where are the functional

ceggtegeccecacgtegtocatgatgatgtgtegggagtaceggtocagetgtgtegegtecaactecagecegotcatgtggeggettgggtggacegeggeaaaag: | t ’?

2 Genomic DNA ->RNA [ transcription ]

-ccggtegeecccacgtegtecatgatgatgtgtegggagtaccggtecagetgtgtegegtocaactecagecegeteatgtggeggettgggtggaccgeggeaaaag
A->U G->C RNA
T->A C->G  polymerase

‘bbooebobbbbbnboeboebbneoneonesesebooonoenbbooebbnobeneseboborbbnnbebbnobbbobebneseooboobrensoesonbboboobnnnno

Alternative splicing.

What are transcript levels
under different conditions?

3 Microarrays.
RNA -> protein [translation]
yeoebbooebobbbbbnboeboebbueoneoneoroebovonoenbbosebbnobeororboboebbunbebbnobbbobebneoeooboobersooeoonbboboobun

TTT,TTC-> Phe (F); TTA,TTG-> Leu(L);

TCC,TCA, TCG,TCT -> Ser (S); Ribosome

TGC,TGT -> Cys (C); etc...

KMVLFVYGYCDQRDCFYCPLGENRKNVQQVYANERPVEDDEDIISEAKLMDALGTSITGGEPQEVLDRTCRYLRLLKDEFGEDHHTHLY TGITGGRENMRR

4 protein -> folded protein [protein-folding |
Protein structure.
* Spontaneous and Chaperonins ¢ PTMs
Protein localization.
Etc...




Origins of Cellular Complexity

Humans C. elegans

« ~3,000 megabases  ~100 megabases

~21,000-25,000 Genes « ~20,000 Genes
0,000,000,000,000 cells ||+ ~1,000 cells

- Alternative Splicing

- Improved and modular interaction between components

- Improved spatial relationship between components in the cell
- Improved interaction between intracellular signaling pathways

- Multiple protein forms and functions
- efc...






Gene

MRNA

MRNA

Protein
Protein

Protein

Protein
Protein

Protein

Covalent Modification or
Modifications

— Phosphorylation

— Glycosylation

— Lipidation

— Nitrosylation

— Acetylation, etc...

Cellular localization
— Nucleous
— Mitochondria
— Endoplasmic Reticulum, etc...
Presence or Absence of Ligands
-  Heme
—  Metal
— ATP, etc...
Proteolytic Cleavage
— N-terminal and C-terminal truncations

Oligomeric State

— ~78% of yeast proteins act in part of a

greater complex of proteins
Protein Conformation



What needs to be measured?

Need methods that can detect and quantify
all proteins (and modifications)

Determine protein-protein interactions
Determine protein localization
Assess protein function

Evaluate conformational changes
At X points in time and under Y different conditions
Must have methods that can measure more than one



Dealing with protein is difficult!

Proteins span an enormous range of physiochemical properties

» 25-30% of all Eukaryote Proteins
* 50% of all drug targets
* Insoluble in aqueous solutions

~90% of all analyses are focused on
soluble proteins!!




Arrangement of Proteins in a Lipid Bilayer

(i) (B] ) ()
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The Dynamic Range and Sensitivity is a Problem

Table 1. Detection limits for proteins assuming 100% recovery

MNumber of Protein Total number of  Moles of
cells copies/cell molecules protein
1.0E+089 1000000 1.0E+15 1600 pmole
1.0E+08 100000 1.0E+14 160 pmole
1.0E+08 10000 1.0E+13 16 pmole
1.0E+09 1000 1.0E+12 1.6 pmole
1.0E+08 100 1.0E+11 160 fmole
1.0E+08 10 1.0E+10 16 fmole
1.00E+08 1000000 1.0E+14 160 pmole
1.00E+08 100000 1.0E+13 16 pmole
1.00E+08 10000 1.0E+12 1.6 pmole
1.00E+08 1000 1.0E+11 160 fmole
1.00E+08 100 1.0E+10 16 fmole
1.00E+08 10 1.0E+09 1.6 fmole
1.00E+07 1000000 1.0E+13 16 pmole
1.00E+07 100000 1.0E+12 1.6 pmolae
1.00E+07 10000 1.0E+11 160 fmole
1.00E+07 1000 1.0E+10 16 fmole
1.00E+07 100 1.0E+09 1.6 fmole
1.00E+07 10 1.0E+08 0.2 fmole
1.00E+06 1000000 1.0E+12 1.6 pmole
1.00E+06 100000 1.0E+11 160 fmole
1.00E+06 10000 1.0E+10 16 fmole
1.00E+06 1000 1.0E+09 1.6 fmole

1.00E+06 100 1.0E+08 0.2 fmole




A
g
|
=
=
=3
w
: =
=
v —
A — <
IS —>
O —>
g —
g =3
m —
m ——
A
il | =
=
A Ww
e
e =
m —
& =
a —
m —
1%} —
1o —
o —
g =
2 >
O —
- _‘ =

~
—

i
i

m98?6543210

w/6d ul uonesyussuo)) °tHoT
seouepunqy sbuey |ew.ioN

S-uynalaiu
OT-urynapau
S-uin2=3u1
2 T-uyna=2qur
E1ag T-upnnapaju]
Bwwed uosssiu
eydie 4L
F-una|Jajug
£-ulynaj=iur
eyd)y uauapaul
4509
SRRl
eydie T-dIi
B-uyna=3ur
| unuodou |
B13q T-dIl
BIT-UBnaliaju]
T wuodo |
JUoAIqUISoUIIED
UIa10ld J15eq URAlk
SEIBYSOU PRY AR50
uabiuy aynads aesald
sul0.d bupuig 4L
ulayaudoyay-eydpy
apndad-1
BER|OUT 2 2ads-Lounap
uawzdwo) e5y
Wdl
unqo|BouAy L
uIqo|Bo A
xadwoed 64525
SajueEy
ULty
awadwo?) egD)
uinld Buipug |ounay
A0IGIYUT T2
abr
Juewbely qg
uabounuse|d
wawadwo) bty
UG |eaugd
uwedwon
ulajtld aaneal-3
Juzuachuos
uiwsedojrian
UI330.d JOSINJ3U SNqIoJy |
(ejuyosdodiy
ujoidoodgpioe-T-eyd)y
q uRjoudod ody
1-v uicudod)ody
uigo|bojdey
uzwadwod £3
uisddnnuy -1-eydpy
SIETIET s (1143 Trae ]
12301 BT
uiingo|Golse -g-eydyy
qedl
Buipuig upoudy |
201 w1
uabouugid
IEETSI-3]]
Jawadwaoy
Juazchwo’y £
Juuzchwod 99
(2301 9B7
uawadwod 53
wawadwon gy
uawachuos g
H o306y
uiungpy
*UIQO|BOWaH



We have a protein in multiple
compartments and the localized level
changes but not the overall cellular level.
How do we measure this?










Cell Fractionation




How do we distinguish between a high
abundance contaminant or a low
abundance specific protein?

« Consider two proteins present in a cell.

— Protein A is localized to the cytosol and is
present at 1,000,000 copies/cell

— Protein B is localized to the mitochondria and
IS present 100 copies/cell

e If the mitochondria is then enriched 100x
— Protein A will be depleted 100x => 10,000
_ Protein B will be enriched 100x => 10,000 ‘



N-terminal amino acid can be identified by
reaction with dabsyl chloride or dan.syl
chloride followed by acid hydrolysis

[
~ _.+I:I
M - SO0+ HyN—C—C — Gy — Asp — Phg Arg —Gly —C
‘ a
Dabsyl chloride
ahnliEg
' |
S0~ N—C—C —Gly —Asp — Pha Arg —Gly —C
I. .\.I-\.
|_. I I
I My
|
S0 NP Gy Asp Gly
Pha Arn

Oabayl-slarning




N-Terminal Protein Sequencing

ELG, 10 pmel, 06/12/1997 Standard 1
e T e
@-Ngc=s + HN—CH—C—NH—CH—C—NH—CH—C— +++ +— noof ¥
Phenyl isothiocyanate Polypeptide N
(PITC) o] o .-
— Sroar N £ v M e | !
OH~ (v & 3
-O "]
(- 200 ’e i R
R 0 Q 0 -2.nor
AL E i ] 7
NH=C=NH—CH—C—NH—CH—C—NH—CH—C— ¢+«
" &
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anhydrous F,CCOOH E
-400F
R\ J)‘O 1 1 1 1 1 1
HC—C l|¥2 ? ll?s ﬁ z0 6.0 90 120 150 150
+
/ X + H;N—CH—C—NH—CH—C— ++o —J
N\ 5
Np” Original polypeptide less
1 its N-terminal residue
O
H
ELG, 10 pmol, 641241997 Rezidue 1
Thiazolinone derivative T #dph
0.00
R
iy +°
HC—C b gl
/ \ q) -1.00F
HN
O 2
g ©O -zo0f
PTH-amino acid %
m -z.0or o} dpu p |
- G =] l“1’qII
30-50 min per cycle . CoL
i WOyl E H
-4.00
- o -
Each cycle is ~98% effective.
1 1 1 1 1 1
z0 60 30 120 15.0 1580

Capable of sequencing ~50 AA.

Edman P. A method for determination of the amino acid sequence in
peptides, Arch. Biochem. 22: 475-476 (1949)



C-terminal Methods are Almost Non Existent

* Most methods involve aminopeptidases
(carboxypeptidases) to selectively cleave
one amino acid at a time from the C-
terminus.

— This amino acid is then determined by
chromatographic methods or

— remaining protein sequence is measured by
mass spectrometry.



C-terminal Sequencing by MS

In creasfng time of dfgesﬁon

NH NH NH, NH NH

and so on

v
C 4

Get MW of resulting

peptides by MS
and work out

C-terminal sequencing

COOH
COOH

™)
0@
Perform AAA and plot release

with time of AA and work out
C-terminal sequence



Determining the Primary Structure of a Protein

Protein sequencing has become
~ largely obsolete because of large
- scale DNA sequencing and

protein coding gene predictions.
e Most strategies now focus on
“ detection instead of sequencing.



Post-Translational Modifications

http://www.abrf.org/index.cfm/dm.home
351 Modifications in Delta Mass. Not all of these occur in vivo

[EE ABRF Delta Mass Reference - Mozilla o ] 4|
.| File Edt Wew Go Bookmarks Tools Window Help |
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Post-Translational Modification Site Prediction

http://us.expasy.org/tools/#ptm
-lofx]

. File Edit Miew Go Bookmarks Tools window  Help

Ga O @ Q sl http:fjus expasy. orgftacisiatptm | [Cy search | ng
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Post-translational modification prediction :

+ Chloroel - Prediction of chloroplast transtt peptides

* LipoP - Prediction of ipoproteins and signal peptides i Gram negative bactenia
« WMITOPEOT - Prediction of mitochondnal targeting sequences

« DATE - Prediction of apicoplast targeted secquences

* Dlashfit - Prediction of mitochondnal transit peptides mn Plasmeo dium falciparum
¢ Predotar - Prediction of mitochondnal and plastid targeting sequences

+ PTE1 - Prediction of peroxisomal targeting sighal 1 containing proteins

+ Zimall - Prediction of signal peptide cleavage sites

+ Ietdcet - Predichion of M-acetyltransferase A (Matd) substrates (in veast and mammalian proteins)
* MetOGlye - Prediction of O-GallVAc (mucin type) glycosylation sttes m mammalian proteins

¢ MethiGlye - Prediction of M-glycosylation sites in hurman proteins

¢ DictyOGlye - Prediction of GleMAc O-glycosylation sites in Dictyostelium

+ TinOVang - O-beta-GleMAc attachment sites in eukaryotic protein sequences

* big-PT Predictor - GPI Modification Site Prediction

+ DGPT - Prediction of GPI-anchor and cleavage sites (vfirror sife)

o GPT-5OM - Tdentification of GPT-anchor signals by a K ohonen Self Organtzing Map
+ Nlyristovlator il - Prediction of M-terminal myristoylation by neural networks

+ IetPhos - Prediction of Ser, Thr and Tyr phosphorylation sites in eukaryotic proteins
+ MetPicoRITA - Prediction of protease cleavage sites m picomaviral proteins

+ MWT - Prediction of M-terminal M-mymistovlation

+ Sulfinator & - Prediction of tyrosine sulfation sites

+ ST Oplot - Prediction of STTRMO protem attachment sites

|

il = & E] & | pone | == o] &R

w4

&

Mostly stores motifs.

For Example:
Protein kinase C (PKC)
recognizes [ST]-x-[RK]

Thus any protein with:
S-X-R
T-X-R
S-X-K
T-X-K
Would come back with a
predicted phosphorylation
site.



INTRACELLULAR SIGNAL TRANSDUCTION:
A Journey from the Plasma Membrane to the Nucleus

How do we determine
the components?

How do we determine
the mechanism of action
of a signaling pathway?

EXTRACELLULAR
SIGNAL MOLECULE

RECEPTOR PROTEIN

o

INTRACELLULAR
SIGNALING PROTEINS

l
]
l
a
l
@
|

/TN
gD e—eo

metabolic gene regulatory cytoskeletal
enzyme protein protein

! l !

altered altered gene  altered cell

metabolism  expression shape or
movement

TARGET
PROTEINS



Example: Insulin Stimulation of Glucose
Transport

Stimulation of

glucose transport 5, yT.4
Exercise LS s 7 membrane

v 9

Insulin
receptor___

o T
[

" 5-AMP-activated
kinase

Protein
kinase B
? {Akt)

Translocation

to cell Phosphoinositide- o e
: membrane dependent — il .
N’:l'é kinases : \
¥ \ A Phosphoinositide-3
?

kinase SH2
domains

)

Exercise-¥
responsive
GLUT-4-

Atypical
protein
kinase C

Insulin-

s | Cytoplasm
responsive § %
ghﬁﬁ?ﬂg ¢ IRS binds/stimulates PI-3 kinase, which effects an, as yet,
&
vesicle

ill-defined cascade of events — the translocation of addi-

tional glucose transporters (GLUT-4) to the cell membrane
New Engl J Med 341:248, 1999

GLUT-4 Translocation to the Plasma Membrane



How do we determine the substrates
for a kinase, ubiquitin ligase, methyl
transferase?

What if the stoichiometry of the
modification is low?

What if the phosphorylation /
dephosphorylation event is very rapid?

How would we know it even happened?



