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...Biology X — Lecture 2...
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r:;; SyHa bus: Bl‘o\ogy X

o Evolutionary Biology

s Computability in Biology

¢ Reconstructibility in Biology
> Biology of Cancer

¢ Biology oFAging
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B Evolutiona y B Io\oc_:]y
> Basic Biology o RNA evolution Model
+  Genome Structure: >  Evidence for Evolution
- Retro-Elements and their - Luria-DLelbruck JAckpot
distribations o P0|ymﬂlphi5m5
- Phy::l-.:ﬂ Fropelties of 3 _ SNPS & CNPS
dgehome _ ﬂ} 3¢ otyping and
- Large wﬁmwﬁr 3l a} 1l otype hq Hals
Duplicatio ¢ Genetics
- .“v“'.u19| of wﬂmwﬂh‘rﬂ

— LiH |--;age AN |'_~__.“_'~i‘_'~

Duplications 5 _ :
4 — Associgtion Studies

=

Genome Evolution:

> Phylogeny

_ -~ Algorithms fol

- Rearrangements Phylogenetic Trees.
~ Evolution by Duplication

i oA T L
- Foint Muoutations
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o Computability in Biology

> Models in BiD|c:rgg,r

= Fleguhtculy MNetwolrlks
_ Metabolic Networks
- Sl'gﬂa“r?g MNetworks

> KMA Models:

- ODE's describing
Pﬁeg ulato Iy MNetwolls

_ Howto create such

models

- Questio of Reachabil ity

< H ybl-id Models

~ Basic Definitions
~ Classes DFHﬁ*I'Id Models
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> Model Checking;
— CTL and Basic Model
Checki g a|g.:-|-|'t|m?::
~ TCTL ahg RTL
< Algorithmic problems
@ Exan'}p|es




5 Reconstructibil ity in Blo\ogy
& Bi::'-lc:rgica| Networks & Thec:rly of Information
> Protein-PNA and Protein- Bottleneck
Protein Interactions »“* C|u5terl'r.-g using 1B, side-
- Two hybrid experiments information and ontology

o

— Motifs and Scale-Free Analysis of Time-Course Data
Networlks < GOALIE

- Orig of strctures

>  Network Reconstruction

- From Microarray Data

= Te-::hr?iL_Iue:: based on
Linear and non-linear
reqlession

_ The issue aiﬁ-::pal'::l“cy
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Bl'o|ogy oFCa hcer

~ (Cancer > Somatic Evolution n Cancer
- A Genomic Disegse > Theories DFC"I-[gin DFCHHCEI'

o

Cancer Data Ana|ysis

- Lenomic 3t

- Transcriptomic Data
—- Proteomic Dat3

» (ancer Gene Discovery
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-
i Bl'o\ogy 01(/5\(_:] Ing
@ Thec:l'iesc:-FAging: *  Anti-Aging

= thﬂl-.:l-:; s model > |mn’}c:rlfa|it':,r

~ Mitochodria and Oxidative
Stress

— Stem Cells & Niche-
Clen 3|If~f

- Genomme Evolution

-~ Proteomic Explanation:
E.g, Protein Degradation

=

Key Experiments in Animals
< Examples:

—- Deinococcus radicodurans
- Tradigrades

~ C. Elgans
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Thy I'Q-ia;f 25 May 1676

Damned Doggs.
Vindica me deus.

Commenting on
Sir Michalas Gimerack charactar in

The Virtuoso, 3 P|3|';.f“ P‘}f’ Thomﬁb' Fha '-f'»*v'ﬁ.H_

L] --..‘:'r o
- ! % -
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g ooke

P in the Royal Society. 26 June 1689

> "1 have had the misfortune either not to be
understood by some who have asserted | have
done nothing. ..

s "Or to be misunderstood and misconstrued (for
what ends | now enquire not) by others. ..

> "And though many things | have first Discovered
could not find acceptance yet | finde there are
not wanting some who pride themselves on
arrodating of them for their own. .

o '—But | let that passe for the present.”
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S Hoole. ..

> "So many are the links, upon which the true

Philosophy depends, of which, IFany can be

oose, or weak, the whole chain is in danger of

being dissolved;

> 't is to begin with the Hands and Eyes, and to
proceed on through the Memory, to be
continued by the Reason;

> “nor is it to stop there, but to come about to
the Hands and Eyes aqain, and so, by a
continuall passage round from one Facu Ity to
another, it is to be maintained in life and

trenath *
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B Application: Modeling Apoptosis
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Cell Death

1

3
- A

.

Hastings&Gould 2000

Cell shrink, organelles swell, chromatin condenses, DNA
ﬁ-agmen’ced; cell junctions disintegrated. membrane blabbing,
ﬁ'na”y get Engu| d—all within 30 minutes.
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Simp“ﬁed Apoptotic Pafhway

B
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£ What 3re Caspases!

o First caspase was found in C. e|ec_;]a ns, ced-
3 gene (1993). An acronym for-:
— Cystein aspa r‘cate—Speciﬁc protease
- Activated by proteolysis; Many substrates
(~40 and increasing) such as PARP (Poly
(ADP-ribose) polymerase, BID (Bcl2-
interacting domain)
o |dentified denes so far
> (. elegans (4), Drosophila (7), Human and mouse
(1)
s Num ber of Caspases over p|T;,f|agr"_r?-ft|'c tme seems

to have been increasing

—

Made by A-PDF PPT2PDF



o) Basic Structures of Ca spases

Procaspase-8,10 (= initiator caspases) ZVI‘I‘IDQEI‘IS

ah rodomain plarges =ikl geeey

Procaspase-3,6,7 (= effector caspases)
AN plargas

\Kruteulytic process

f

Active site
QALXG

Prodomain

WDEDMDED S

Death effector domains (DED): Protein interaction domain

| “:‘:‘ll |
M EdE by A-P D F P PT2 P DF D) Protein interaction domain

Active tetramer



Formation of HDlﬂenzymE CDI’T?P'E}C.

Active holoenzyme

APAF1  Cytochrome ¢ dATP

q ‘

&
APAF1 /casp9 holoenzyme

I

APAF1 complex

process

Pro-casp3 Active casp3

Q}
DEVD-Afc
APAF1 /cyte oligomer
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i Scheme of the Ana |y5 s

EED @ o
N/

Ny

Casg
APAFL fCut /dATR o
i (PC9)

APAF1/CytC /dATPC9

(inactive apoptotic holo

|

(fluorescence reactant)

yme)

Diissociate to
APAFL/Cytc /dATP and CO*

*APAF1 [CytC /dATP /29

r.

(active holoenzyme)

ETRTEER T, ‘
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Determine reaction parameters based on the experime ntal data

Step What are the parameiers
o [ATE e i (g™ =i (e phoyssclogical concsntratian
[dATP= 10 F'lf'}-'?rﬂﬁ:nmphynnluuicll eoncsrinvbion)
{1 dnkd
[C¥]=inki
[eyie]=] 2ubd
[C3]== APAF] can bind AATF without oyt

i e o hinds 10 APAPT 4 ratio 1nd, oo neorleoteds requined
I Al oyts get ﬂhimll'ﬂ!-d.ttﬂl;lﬂ-t of ATPMATF j:lli.lnl.'-l

ey binding mdace A bands io dAATFATE
| AATF brpdeodyais 18 niod seguersd for 0F actowly
{2 % hinding improvs wfinity of dATF
MTFP and dATP has mﬂhh'ﬂ.ln vlri"Lh.]'u:ﬂ-mrd_lfnr

i The Alfeyic apoplosase is heplanss, sone spoplosns maff fomn deme

EEhmdl-b:-.'a.lmﬂ'lI]:dHMI:l nﬁ:?tl'h}lﬂ:l.! i of 171
through TARTLCARD mésracton
-|_|:||:rpl.|:|i|:|:|:|l u:ndl.l;,gl:l cordanmilione chamge, e bd ol bounded o = Destde

i The batnded o i apaploscan teensl Ted o, e dmer, b coly one sile & acbive

[y

0% in A 1500 holoenzyme got ceewed in the pressnces of ATE,
7 B Wiga clowvage id nol requeed for il's praleans actmaly
The odeerage 15 mbne?

1 iyl i gl LT bl esiripena

MLAP binds fo Jead of W jsmmanel
[ampadsties the Casparss sclwby

apoplosos meonil Caspased as wel

18 ——

Made by A-PDF PPT2PDF

Exp. Data

a2y

Ko Frgr
ill-ﬁ.l'l-m-u:rn

_n of AATPIATE

=0 will dATEF

i

erysial

tormpiler tempantER
dnage

Erudiand

gl Mleaticen dnd gradisd.

(i3
Total recomb sctoly

Uark's gel-sitzatuon
iF?

[T

BReferentes,

ARSI 60
s and Tack
and Jack's vestam

Ml Gty
DITA Zevd AL 7 USLCD papee

P TEE T e

e 5 N T i
A L 41N

Wos's pegpeer

JECGTIwaLITE

Habage 1410hp1 12

WA

ol pagent el RO pR] LG

.:I I " E = I-'\-

[£ATF]
changes

L
exch

paramb
rulfies

Teram

Tk ol

eelftes
rscamb
1 ek

|caifien

i E il

mmcamh

(el

£edl Tret

:l.lﬂfrnl



A Individual steps in Caspase-9 pathway
(aPAFL| + [dATP | «—K:1=2000 g » | APAF1/dATP |
Lan] [sooor)  KL=100D o
| 4
|apaEt/caTP | + [opn| «K1=L/D _Fj + | APAFL/dATP/CYEC
 [1zo0onv] k151000 e |
| i
| APAFL/CYIC/dATP | + [ peo | «—K1=20000 5 oo+ | APAFLICYIC/AATP/CS |

| [20rM] el
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o Individual steps in Caspase-9 pathway

AP AF /Oyt G ATR Cazpazel

AP AF /Ty CAdATR/pCH =2 »
APAF /Ot CAATR/ Cazpazel T w o APAFLCHCMAATP | + | free Caspase?
¥
. - l1=6 :
3 . — » | free Caspased
- - lz-1=1080 12=20 -
[15nh] : |
v
: ' k1=5000 _
DEVDYAfc | = — i ’ Afc
e | 1-1=50000 190 .
[40000nl]
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B Ehzyme Kinetics

- First reaction
1. APAF] (e (Initial concentration (o) = 4nM)
2. dATP (8): (Initial concentration (6,) = 5000nM )

4. APAF1/HATP (w): Initial concentration (w,)= 0

3. C Intermediate of APAFL/AATP complex (Initial concentration (C,) = 0)

APAFL |+ |dATP | «—B5=2000 g

» | APAF1/dATP
(4] [1200r]  Ka=1000 Ro=2
da/di= -x;*[a] *[6] 1 +ix;*[C]-2*x
do/df= - *[u] *[6] g +x; *¥[C]-2%x
dCldt= +w *[o] *[0] g -, *[C]-2%*x
doidi= +x *[o] *[0] g -x; ¥[C]+2*x,
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#g_—:;* Simpathica: Simulation for the Biological Pathway

 hitp://www bioinformatics nyu.edu/Projects/Simpathica/

(1] IHI:hllfr'-.H.i-'HiipIﬁmr_[lhl

A
GE= Hewmi
(=] iad
Hem | . £ L
[4n] ot
Cavm I
ket Coved e oy
12 Y s sl ' Do i s - R
T2 St ol | T i s ap M deasgeam. 21l
I WS e peathira’d i [+ ]
WG el T 5 g ph bR
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' Simpathica generates differential equations

from o Dot *
fiom sy Dk at Dugeat *
Hom Hme 1T anjor *
clug _ smnpe fhacs
e £ O TLATFL self 20 14
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mlotapgsadi ++1 %+ W7 L aE AL T 214 L G+ L R0 DT[] LI o L L 0000 VST L g
mlotapgendi + -1 w200 [T D e 2TE] L G L 000 X[ LG
mlotapgsal + -1 5+ VIE[E 0 L L SFLI00 LT T HHL v

sletagpeal+ Lk Lk £ OUT L +-L 00k S L 7] L L0 L

mlotapgsali + -1 e V[ L e ET] L AL S HLOZ L E L

mlotapypenl +H 520 TR S G+ -1 ¥ 000 F[L] ¥ L [ L L 0000 1T 44D G L S I L
mlotappeml + +1 5+ 52T N L

mlotappsndi + -1 95000 *ZIL] * 5+ 30 5L AL SHT0000 VLT LG

olotappewl + 1 S5+ T L G

mlotappenl + 1 wHE00000000 *2J1] * S+ 0]y L G-l 00 3] AL D L] L G
olotappendi + 1 SHL000 3] 5+ 3] L G AL AL TI0 I A4] AL -1 D T T ] L
molotapgsadi + 1 200027 AL 3] L G- 20000 30 s LG -1 L0 L] L i
olotappends + 1 e I L ST L G -0 I 8 AL D A L
olotapgsadi + 1 5H5000 311 4+ 210 L G -1 0000 #3710 T] L
1% o oled

nabal = [ 4, 12000, SE+a0 20,00, 170,04 0000,0,0,0,0,0,0]
colnjoTmals Haney = ["BPARL" bk’ "BPAFL G NLATR" "RPATL e tAA TR PO "R PAFL e AlA TRCD" "R PATL e ALAT Pl 0"
i T R P W P RTTL A1 S Y
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Questions that can be answered by Simpathica

_\-\-H"-l
APAr =D & Cytochrome ¢ A
1
1 e biade me 050 :}- Blrld Ir.g Dld':lf
.'I.A-rp ll'ur' AT
i
Apﬂ FUC'}(E[ Prﬂ a g | AT bl mo A s
ﬂllgﬂl‘nﬂr ‘\g ‘-SP APAF e ABF 0 | e
1--""" ‘
caspg 7 Non-Lincar!
]
‘\Q APAFUca;PQ PAF biewic TR
-,
hﬂ|ﬂel'.l:=.’y'me S
....... o = Inhibition
Iy | Em o
] ' L

Active holoenzyine

id[mﬂ Y PEVD-Af
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S Model Checking: Recombinant System
Use purified recombinant components
Easy to determine rate changes (synthesis or degradation)
APAFT Caspd cyte dATP DEWD-Afc
Ihitial conc. | TOORM 200nM T2 Stmyi 400
Firgl cohce. Q8 365 nM T20.03 pi 3 9846 uM 0.2 mii !
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g5 Model Checking: In Vitro Assay

+Mix RMNAI(APAF-1) treated and untreated E1A cell extract.
E1A cells

a RNAi(APAF-1) > Ci}?
!

Extra cQ«ith

little APAF1

Extract with APAF1

TV eew 00

Anno/  eno/ 700, 60% 40, 20% 0%,
Made by A-PDF PPT2PDFE ie 3 activity of the mixed cell extract



,._{,T__) . Simpa‘ch Ica I-ECapl"cuhtes the hD|DEnzy’mE formation process

25 ' : ' : ' APAF] ——
SPAFUAATE ——
g APAF 1ot/ ATP =—
—. 20 / pLE ;
- APAF loyc/d ATPIpCY =—
= AP AF Vet ATP/caspa
= L3 ——
f 15 free I:apipS ——
E free Caspl —
oy oF ate ——
E 1D " c_rale
=
2
1.ﬂ E'ﬂ' 30 g B
Time ofincubation. min T
0
-5 1 1 1 1 1 1
0 5 10 15 20 25 30 35
Rodriguez and Lazebnik (1999) Time (min)

Simabktion in Simpathiq
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Least-5quare Met hod

Sunulation (A) Simulation (B)
140 } ' ' . ' 140
120 | L] + 1 120
: L
100 100
3 k]
"F
€ a0 £ % g0
- -
= =
= . &0
40 40
20 20
0 0
0 20 40 &0 20 100 120 o 20 40 = 20 100 120
cytc cytc

| MMinimiza {HE ""Jl*xiz'ﬂﬂ)z)
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Which molecule initiates caspase-9 pathway?’

Model (I)
APAF] (=0

h4
=T e
‘1¥:ﬂ'
APAF1

oligomer L\§ 4
“H

& Cytochrome ¢

==X
T

_ ¥
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APAFIEESD @ datp

\'“%.a‘*"‘
ﬂ L Cytochrome ¢
Y

APAF1 f

oligomer :::7 6

¢




ﬂ _Hi _

Recombinant System Can Validate 3 Model

1
é Lazebnik lab (CSHL)
E .| 0 & & {0 L
[cytc], qH, 3min
., _Model (I): CytC first Model (II): dATP first
140
300 -
1280 o
Ezuu E s
"!.E 150 E"’ o
100 s
5i) 20
0 g 20 40 &0 80 100 120
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"o Are There Duals Roles for Cytochrome c?

> Determine from experimental
data:
— Cytochrome c is needed for
APAF-1 multimerization
- Cytochrome c stays in the
holoenzyme complex after
multimerization

~ Cytochrome c may have another

role

(1) Facilitates APAF-1multimerization
= model (I)

(2) Activate holoenzyme
= mamdAal (TTHY

Made by A-PDF PPT2PDF
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Jg; Results: Cytochrome c may NOT have a dual role

Standard model

20

15

i}

20

Concentration (nh)

15

piLi

5

L1

L NIRRT, [ SRR T -

Late
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Time {min)

Dual role of CytC

10

15

Ll

25

35




7>
| q - s there cooperative binding during the formation of APAF-1 com plex?

APAF-1 unit binding:

Binding 1rate (7)

Next APAF-1 unit binding:

next binding rates

(Y2 =7 or Cpy ==74)

iple APAF-1 units promote the binding of the next APAF-1 unit.
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| Ej‘.‘ Modeling the formation of APAF-1 oligomer

lllllll

APAF-1 egae

cnrnp|exnnif ‘I H : . —

Y’J’l T,

Model (I) 7, Y del (IT) 7, >> 7, .

g .. —

dﬁ : T, S
N =/ =
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o APAF-1 titration in recombinant system

E

=§ 95

=

ol B2

é 0

% | /
S

‘E 15

g o

e -5 10 20

20

40

70| Lazebnik lab (CSHL)

[APAFL ] oM, 02mMdATP

Model (I): v =14

Afc Rate
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| pr——— ————

"
!E:; s there cooperative binding during the hc:-|-::-enzyme formation?

2™ Procasp? binding:

APAF1/ casp? interaction +
Casp9/casp? interaction

1% Procasp? binding:

Only APAF1/casp9
interaction (§;)

(0, = 0y) o1 (0, == 8))

Recruitment of 1% Procasp9 promotes the binding of the 2 Procasp9.
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S Modeling the formation of holoenzyme

Multimeric t.j ~ Pro-casp9 )
APAF-1 vj? i -
complex Yﬁl )

t Pro-casp9 -
:?/6 = i
YM()dEl (11) 6, =2 6, e

Model (1) 8, = 5, M.
I

¥ 5
4 ™
r'4
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,11

— Cooperative behavior of holoenzyme is due to the binding of APAF-1
v

com PICJ-‘.

-
4
/%“

Model (I) 5, = 3, Model (IT) 3, >> &,

72 >>
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5 Free Caspase-9 Activity

Caspase-9 is much more active in holoenzyme, and free caspase-9 have little
activity (Rodriguez et al., Genes & Dev., 1999), Is it valid?

| Model (I)
g’ e

Yy ¥

/ APAFI/ asp?
P holcetzyme

e ~7[_Pro-caspd |

Activecasp3 |
|

Aclive holcenzyime

Made by A-PDF PPT2PDF

Model (II)|

APAF/ oylx Pro-casp?

oligomer "\{ 4 J—

N
casp?
[ Pro—ca mﬂ
/ APAFI/asp?
| £ hol cenzyme
po pp— e

v ¥ ' Prﬂ—[a 5‘]}3 |

Active hﬂ|ﬂenxyme |




Jg_; Caspase-3 Activity may not depend on Free Caspase-9
Model (I): Model (II):
Only holoenzyme activates Casp3 Free casp9 also activates casp3
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<

Caspase-9 inhibition

XIAP is thought to bind apoptosome via caspase9 and inhibit its
activity. Does it exert a significant inhibition at that point?

APAF/ oyt

oligotmer ‘\f A —

/ APAFI/casp?
o holoemzyme
T Im

B

Active hﬂ|ﬂer_lzyme

Made by A-PDF PPT2PDF FXIAP: human inhibitor of apoptosis




T imulate (Caspase-9 inhibition

AFAFL AT i5

L

AATF Dl i APAF T

- T
i [ APAFIASTE
.
w
Tyl binds o AMATL QAT
- * -
S £ APAF L cpie LT
. -
-
-
Tl fomimsi ek of Buoboos T s
i F
APAF Loy dATP- s
St gl hslissnrsing
- J
= | AFEAT L ayie BT o
- " -
MR o B e
p—_ g .
- .I 1 .-"'h g : .-""'-'-\. *.
Bl imonimg ol go aeps ﬂ_.--" SCL AP Wil [ Roliin s by x‘_r
& %
e F N . A .
B " [ EiAL TS I." AFAF Davile AT sags KK £l 4 i
: : f - ¥
1 i i il hisban i ine XEAF |
I'\. k? _.'
s | 1 - .-..
L '
b ol < b clowec S A Rl y, ;
- T
--\\_ e g 1 _._'
: T
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,11

f\

XIAP Simulation with Simpathica

k-1 =50
ki =05

APAF1/CytC/dATP/casp9 + XIAP

APAF1/CytC/dATP/casp9/XIAP

B

MNo XIAP With XIAP

-

Concentration (nM)

—_  a

Made by A-PDF PPT2PDF  Time (min)



S Summary

o Simpathica recapitulates
— Formation of Caspase9/APAF1 holoenzyme.
- dATP binds to APAF-1 and initiates the
caspase-9 pathway.

- Cytochrome c is not necessary to activate
holoenzyme.

- Non-linear interaction is due to cooperative

binding of APAF-1 cc::rmple::-:. unit.

- Free caspase-9 is not necessary to activate
caspase->.
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CONUNDRUM

» Different outcomes from two experimental systems

Recombinant system

-

e

/’

73

=

e

/

30

.

15

e

-SL-I

e

0

20

30

40

S0 &0

DEVD-Afc rate@37Cxomin{fc,/min)

[FAPAF1], nM, 0.2mMdATP

Lazebnik lab (CSHL)

DEVD-Afc ratem@37Cx10min

In vitro system

=00

p

Eeall]
00

-

130

100

P

a0

i

o

500

0 20 30

40

=l

G0

0

[FAPAF1], nM, 0.2mM dATP
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_Hi .

Other Ex3 mp\es

P
A

o C. elegans (Gonad)

¢ Yeast and Mammalian Cell Cycle
> Whnt Signaling

o Host-pathogen Interactions

o RAS pathways. ..
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Some Bl'o|og\/
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i‘i Ihtroduction to Bio \ogy

o Genome:

- I—Iereditary inﬂ::rmaticm c::.-Fan organism is
encoded in its DNA and enclosed in 3 cell
(unless it is 3 virus). All the information
contained in the DNA of 3 single organism is
its genome.

o DNA molecule

— can be thought of as 3 very long sequence of
nucleotides or bases:
o X={A 1,0 G
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Comp|eme ntarity

> DNA is 3 double-stranded polymer
_ should be thouaht of as 3 pair of sequences over =.
d [ |
o A relation aFcnmplemen’carity
= AT Ceal
~ Ifthere is an A (resp., T, C, G) on one sequence at 3
particular position then the other sequence must
have 3 T (resp., A, G, C) at the same position.
> The sequence length
_ s measured in terms of base pairs ':fhp;?':_ Human (H.
sapiens) DNA is 3.3 x 107 bp, about 6 ft of DNA
polymer completely stretched out!
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> The genomes vary widely in
size:

Genome Size

Species

Haplaid
Gehomme bize

L = | Eie 4.64 x 108 |1
Few thousand base pairs for viruses to 2
~ 3 X ’1'?"”% for certain amphibian and | 5 cerevisic 1.205 x107 |16
i O
~wellha olants ~ ] ; /e -
H_*—f”-'”-ﬁ uo C. elegans 108 1/12
Coliphage MS2 (3 virus) has the
glai e e = 3 2. melnogist | T08 +
stnallest Jenome: C:'r','|‘-,’ 2.9 X T Pﬂp. R g e S d
Mycoplasmas (3 unicellular organism) | M. masculas |3 x 109 20
has the smallest cellular genome: 5 > . = 109 =
. = e B =0 B ) L )
']L:HEEFWI “y ?I." el
\, Cepa (O .5 x101@ |8

C elegans (nematode worm, 3 primitivel 7

mualticellular ordanism) has 3 Jenome
of size ~ ’1?‘5%}1
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DNA = Structure and Components

Double helix

~ The usual c:ﬁrﬁﬁq ration 'ﬁfr- DNA isin terms of 3
double helix consisting of two chains or strands

coiling around each Qﬂh_ -with two alternating

grooves of slightly ditferent spacing.

— The "backbone” irﬁ ﬂ’ich strand is made of |tﬁ|'f“3tifl‘4
..H.l'-Jal g H"|'~ '-_L|| = k L Jr| |+"":" T = ..th | Z5: k i k_ 4_ HTD
and phosphate ((P C i"3 molecules.

Each of the four bases, an almost planar
nitrogenic organic compound, is connected to
the sugar molecule.

— The bases are:

P R R, s i
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5 Genome in Detall
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The Human Genome at
Four Levels of Detail.

Apart from reproductive
cells kqaﬂ_"f:'t'lﬂJJ and mature
red blood ¢ ,every cell in
the human had‘f contains
23 pairs of chromosomes,
each 3 packet **:'fc_cmw esse
and entwined DINA (1, 2).

ed



DNA = Structure and Components

o Complementary base pairs

- (A-T and C-G) are connected by hydrogen
bonds and the base-pair forms a coplanar

> Cytosine and thymine are smaller (lighter)
molecules, L_’1||r"d pyrimidines

> Guanine and adenine are bigger (bulkier)
molecules, called purines.

> Adenine and thymine allow only for dot
hydrogen bon 1|rﬁ . while cytosine and quar?lr?i
’1|| ow for triple hydrogen bon ding.
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DNA = Structure and Components

f\

o Chemically inert and mechanically rigid and stable

~ Thus the chemical (through hydrogen bonding) and
the mechanical (purine to pyrimidine) constraints on
the pairing lead to the complementarity and makes
the double stranded DNA both chemically inert and
mechanically quite rigid and stable.

> Most uninteresting molecule:
- "DNA, on its own, does nothing,” smirked
Natalie Angier recently. “It can“t divide, it
can’t keep itself clean or sit up properly —
proteins that surround it do all those tasks.
Stripped of context within the body’s cells ...
DNA is helpless, speechless — DOA.”
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S DNA Structure.

- Phosghate Molecus —~ The four nitrogenous
-~ bases of DNA are arra nged

Sugar Molecule

along the suqar-
phosphate backbone in 3
particular order (the DNA
sequence), encoding all
genetic instructions for an
ordanism. Adenine (A)
pairs with thymine (T),
while cytosine (C) pairs
with quanine (G). The two
e oo =g DNA strands are held
o / together by weak bonds

| | between the bases.
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" DNA = Structure and Components

o The building blocks of the DNA molecule

are four kinds DFd&DKyI”i bonucleotides,

- where each deoxyribonucleotide is made up
of 3 sudar residue, 3 phosphate group and 3
base.

- From these building blocks (or related,

dNTPs deoxyribonucleoside triphosphates)
one can synthesize a strand of DNA.
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" DNA = Structure and Components

o The sugar molecule

— in the strand is in the shape of 3 pentagon (4
carbons and 1 oxygen) in a plane parallel to
the helix axis and with the 5th carbon (57 C)
sticking out.

¢ The phosphodiester bond (-O-P-O-)

- between the suqars connects this 5' Cto 3
carbon in the pentagon (37 C) and provides a
directionality to each strand.

o The strands in a double-stranded DNA

molecule are Antipa rallel.
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To be continued. ..
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