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Human genome project oo - 2003)

® 20.000 — 25.000 Yyovidia oto avOpwmvo DNA
® 3.000.000.000 (evyn Paocewv mov cuykpoTovV To avOpwmivo DNA

Human Chromosomes
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To DNA kataokevaletol ano tEocoeplc dopkouc AiBouc

NH2 NH2 O (0]
H H CHz
4 =
Adevivn (A) Kutoaivn (C) lNovavivn (G) Ouuivn (T)
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1953, James Watson & Francis Crick
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt of deoxyribose
nucleic acid (DN AL This structure has novel features
which are of considerable biological interest.

A structure for nucleic acid has already been proposed by

Pauling and Core}". They kindly made their manuscript available
to us in advance of publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre axis, and the
basas on the outside. In our opinion. this stracture is unsatisfactory
for two reasons:
(1) We believe that the material which gives the X-ray diagrams is
the salt. not the free acid. Without the acidic hydrogen atoms it is
not clear what forces would hold the structure together, especially
as the negatively charged phosphates near the axis will repel each
other. (2) Some of the van der Waals distances appear to be too
small.

Another three-chain structure has also been suggested by Fraser
(in the press). In his model the phosphates are on the outside and
the bases on the inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined. and for this reason we
shall not comment on it.

We wish to put forward a radically different structure for the
salt of deoxyribose nucleic acid. This structure has two helical
chains each coiled round the same axis {see diagram). We have
made the usual chemical assumptions. namely, that each chain
consists of phosphate diester groups joining B-D-deoxy-
ribofuranose residues with 3°.57 linkages. The two chains (but not
their bases) are related by a dyad perpendicular to the fibre axis.
Both chains follow righthanded helices, but owing to the dyad the
sequences of the atoms in the two chains run in opposite directions.
Each chain locsely resembles Furberg’
model No. 1: that is, the bases are on the
inside of the helix and the phosphates on
the outside. The configuration of the sugar
and the atoms near it is close to Furberg’s
standard configuration”, the sugar being
toughly perpendicular to the attached
base. There is a residue on each chain
every 3-4 A. in the z-direction. We have
assumed an angle of 367 between adjacent
residugs in the same chain, so that the
structure repeats after 10 residues on each
chain, that is, after 34 A. The distance of a
phosphoms atom from the fibre axis is 10
AL As the phosphates are on the outside,
cations have easy access to them.

The structure is an open one, and its
water content is rather high. At lower
water contents we would expect the bases
to tilt so that the structure could become
more compact.

The novel feature of the structure is the
manner in which the two chains are held
together by the purine and pyrimidine
bases. The planes of the bases are perpendicular to the fibre axis.
They are joined together in pairs. a single base from one chain
being hydrogen-bonded to a single base from the other chain, so

(

This figure is purely diagrammatic.
The two ribbons synibolize the two
hogphate —sugar chains, and the
horizontal rods the pairs of bases
holding the chains together. The
wertical line marks the fibre axis
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that the two lie side by side with identical z-co-ordinates. One of
the pair must be a purine and the other a pyrimidine for bonding to
occur. The hydrogen bonds are made as follows: purine position 1
to pyrimidine position 1: purine position 6 to pyrimidine position
.

If it is assumed that the bases only occur in the structure in the
most plausible tautomeric forms (that is, with the keto rather than
the enol configurations) it is found that only specific pairs of bases
can bond together. These pairs are: adenine (purine) with thymine
(pyrimidine). and guanine (purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of a pair, on
either chain, then on these assumptions the other member must be
thymine: similarly for guanine and cytosine. The sequence of
bases on a single chain, does not appear to be restricted in any
way. However, if only specific pairs of bases can be formed, it
follows that if the saquence of bases on one chain, is given, then
the sequence on the other chain is automatically determined.

It has been found experimentally™ that the ratio of the amounts
of adenine to thymine, and the ratio of guanine to cytosine, are
always very close to unity for deoxyribose nucleic acid.

It is probably impossible to build this structure with a riboss
sugar in place of the deoxytibose, as the extra oxygen atom would
make too close a van der Waals contact.

The previously published X-ray data™" on deoxyribose nucleic
acid are insufficient for a rigorous test of our structure. So far as
we can tell, it is roughly compatible with the experimental data,
but it must be regarded as unproved until it has been checked
against more exact results. Some of these are given in time
following, comumunications. We were not aware of the details of
the results presented there when we devised owr structure, which
rests mainly though not entirely on published experimental data
and stereo-chemical arguments.

It has not escaped our notice that the specific pairing we have
postulated immediately suggests a possible copying mechanism
for the genetic material.

Full details of the structure, including the conditions assumed
in building it, together with a set of co-ordinates for the atoms,
will be published elsewhere.

We are much indebted to Dr. Jerry Donohue for constant
advice and criticism, especially on interatomic distances. We have
also been stimulated by a knowledge of the general nature of the
unpublished experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
King's College, London. One of us (J.D.W.) has been aided by a
fellowship from the National Foundation for Infantile Paralysis.

1.D. WATSON
F.H.C. CRICK

Medical Research Council Unit for the Study of the Molecular
Structure  of  Biological Systems, Cavendish Laboratory,
Cambridge. April 2.

VT, Symp. Soc. Exp. Biol. 1, Nucleic Acid, &6 (Camb, Univ. Press, 1947}
© Wilkine, M. H. F. and Randall, 1 T. Richim, e, Biophys Acta, 10, 102 (1953),
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We wish to put forward a radically different
structure for the salt of deoxyribose nucleic
acid. This structure has two helical chain each
coiled round the same axis.

It has been found experimentally that the
ratio of the amounts of adenine to thymine,
and the ratio of guanine to cytosine, are
always very close to unity for deoxyribose
nucleic acid.

It has not escaped our notice that the specific pairing
we have postulated immediately suggests a possible
copying mechanism for the genetic material
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1953, James Watson & Francis Crick
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e Evlldpeoo otnv pon yevetikwyv ntAnpodoplwv (DNA -
MRNA =2 npwrteivn)

* Mopla RNA AettoupyoUv we MPOocappooTEC, HeTadpalovTag
TLIC TAnpodopiec otnv aAAnAovyia voukAgoTidlwy Tou
MRNA o nAnpodopiec otnv aAAnAouxlo TwV CUCTOTLKWV
TWV MPWTEIVWV

® JUOTOTIKO pLBocwHATWY

o KataAUTIKEC LOLOTNTEC
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Tper Baoerg kata pikog tng alvcidag DNA/RNA
KWOIKEVOUV Eva auVoEU: YEVETIKOG KWALKAC
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NPQTEINEZ

AapBavouv HEPOC 0 OAEC TIC KUTTOPLKEC
AELTOVPVYLEC:

Eviupa

Metadopa — anobnkevon
Kivnhon

AOULKEC

AVOGCOAOYLKEC

PUOuion avamntuénc kat dStapopormoinonc
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* AuBopuntn avadimlwon =2 tpldlactatn doun =2
Aettoupyla

e Efaptatol povo amo apwvoéikn aAAnAouyia

006 - 000

Amino acid sequence 1

Amino acid sequence 2

28/9/2015 A ANEQNIAAZ




e H yvwon tng dopunc kot Asttoupyilog Twy TpwTeivwy Eival
arapaoaitntn ywa tnv aflomoinon tng nAnpodoploc mouv Hog
dlvel n amokpuntoypadnon tTou avBpwrivou
YOVLOLWUOTOC

e .x. kKvotkn ivwon (amalowdn 1 ao arno 1480 aa pLog
HLETADOPLKNC TIPWTELVNC TTOU OVOUATETAL LVOKUOTLKOC

pUOLLOTAG TNG HEUBPAVIKAG aYWYLLOTNTOG)

e EvOLapeoo otnv ouvdeon MNevetikng -latplkng
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BIOXHMIKH OMOIOTIENEIA

BIOAOT'TKH MNMOIKIANOTHTA
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Homo sapiens
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Arabidopsis thaliana

Sulfolobus acidicaldarius

28/9/2015




BIOXHMEIA, NEK 2014
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* OAOI Ol OPTANIZMOI EINAI EZAIPETIKA OMOIOTENEIZ 2E
MOPIAKO ENIMEAO > MPOEPXONTAI ANO KOINO
[MPOITONO

e Evac mupnvac Baoctkwyv xNULKwv Slepyacilwyv avamtuxonke
oAU vwplc otnv €€eAén tng lwng

* H mowkhotnta mponABe amo mpooappoyn AUTWV TwV
dlepyaoLwV o€ VEEC oUVONKEC Kal OxL SnuLlovpyila pLitka
KOlLVoU pLWV

28/9/2015 A ANEQNIAAZ




ARCHAEA

EUKARYA
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XHMIKOI AE2MOI 2THN BIOXHMEIA




(JOMOIONOAIKOI: otaBepot anouvaoia eviUpwv

QA3SOENEIZ ANHAENIAPASEIS: taifouv pdAo os avtiypadr
DNA, avadimAwon mpwTteivwy, LOPLAKN avoyvwpLon, aviyveuon
oNUATWV

JHAektpootatikol Seopol (beopol udbpoyovou, yepupa alatoc N
(eUYOC LOVTWV), TLX.

-CH,CO00" <> -CH,NH3*

E=kq,q,/Dr

JAeopoi van der Waals
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Agopog vdpoyovou

ASTNC deopol A€KTnC deopoU
vdpoyovou vdpoyovou

N—H------- N
5 & 5
N—H====--~-~ 0
O—H------- N
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® Evepyela 1-3 kcal/mol (~100 kcal/mol opolomoAikoc)
® Mrkoc 6eopou: 2.4 —3.5 A

® [1poCAVOTOALOUOC

>

loxupo¢ SecOC
vuépoyovou
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vdpoyovou




AOTNG AEKTNG

vSpoyovou vbpoyovou
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Aeopotl van der Waals

e Aktilva van der Waals

® Evepyela 0,5 — 1,0 kcal/mol

® [(vOoVTOlL ONUOVTLKOL OTOV UTIAPXEL
OUUTNTANPWHATIKOTNTA ETILDOVELWY =P
E€eOikevon

® E¢c1bikevon = dnuiovupyia moAAwv decpwyv van
der Waals cuyxpovwc
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Anwon

Evépyela
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Anootaon emadnic
van der Waals
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JAIOTHTEZ NEPQY

® [oxUc aoBevwv aAAnAeriibpaocewyv e€aptwvTtal
Qo TO MECO OTO OTolo Pplokovtal Ta popLa

¢ |JAIOTHTEZ NEPOY:
® [TOAIKOTHTA

® YWHAH ZYITENEIA popiwv H,0 petagy toug =>»
eTtNPEAlEL OPAATIKA TIC AAANAETILOPAOELC
netoll Twv Blopopiwv og vdatikd StaAvpata
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ATIOSUVOLLWVEL NAEKTPOOTATIKEC SuVAHELC Kat O6.H
HETAEL TTOALKWY popiwv N opddwv (80) =
E€apetikog StaAuTnG

2XNUOATLOMOC TIPOOOVOTOALOUEVWV «TIEPLBANUATWVY
yUpw armo SLaAupEVn ovola

Hoy0

o

Nat

O

J Hydrated
Na® ion

g Hydrated
Cl~ion

Cl~

e
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e MAgovektnuoa: MeyaAn dtaAdvtotnta mANBouC poplwv

* Melovektnua: e€acBevion aAANAETILOPACEWVY TIOALKWV
Hoplwv =@ pikponepBailovta eAsUBepa vepou
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1°¢ Nopo¢ OepLOSUVOLKAG: N CUVOALKN EVEPYELX EVOC
oUOTNUATOC Kol Tou ImepLBaAAovtoc Tou mapoUEVEL
otadepn

Awdomtaon 6eopwv (0€opeuon evepyELAC)
2xnuatiopocg Seopwv (ameAevBepwaon evepyelag)
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Evtpornia: UETPO TNC TUYLOTNTOC N TNC ataéloc EVOC
OUOTNUATOC

2°¢ Nopoc OepodUVAMLKAG: N CUVOALKN evTportia EVOC
OUOTNUOTOC KAl TOU TEPLBAAAOVTOC TOU ITAVTOTE
avéavetal os uia avdopuntn dtepyaocio
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YAPO®OBEZ AAANHAEMNIAPAZEIZ

® H Taon Twv KN MOALKWY HOPLWV VA EVWVOVTOL

eToéV Touc o€ LOATLKO cLOTNUO

® [1.x. otayovec Aadlov o€ vepo

e A) Eudavion pn noAkov popiov kataotpedel 6.H
Hetoél poplwv vepou

® B) EmtavatonoBetnon EKTOMIOUEVWVY LOPLWV ETOL

wWOoTE va oxnuotilovv peyloto apbuo 6.H =»
2XNHOTIOMOC « KAOU BLWV»
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Hydrophilic
"head group"

00,
g

\‘Q‘U///(&)

N
8,
"Flickering clusters" of HoO

molecules in bulk phase /

Highly ordered HoO molecules form
(a) "cages" around the hydrophobic alkyl chains
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Dispersion of
lipids in HoO

Each lipid

molecule forces
surrounding HoO
molecules to become
highly ordered.
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Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster force the
ordering of water.
Fewer HoO molecules

#2, are ordered, and

entropy is increased.




® Tol LOPLO N TIOALKWYV OUGCLWYV EVWVOVTOL OXL
yLOTL EXOUV HEYAAN OUYYEVELO HETAEL TOUC
aAAQ YLOTL TO VEPO €XEL LEYAAN CUYYEVELA YLA
TOV EQLUTO TOU

® Edbappoyn os:

1. ZXNUATIOMO HEUBpavwy

2. 2uvOeon ev{UOU UTTOOTPWHOTOC
3. AvoadbdimAwon npwteivwy
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Micelles

All hydrophobic
groups are
sequestered from
water; ordered
shell of HoO
molecules is
minimized, and
entropy is further
increased.




Ordered water
interacting with

substrate and enzyme ?:) (ﬁ

¢ Ny
O?&:ubstrate » &
. 1.4

Disordered water
displaced by
enzyme-substrate
interaction

Enzyme-substrate
interaction stabilized
by hydrogen-bonding,
ionic, and hydrophobic
interactions
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=ZeOUTAwWEVO cloTNUA

® MEIQ2H ENTPOINIA2
ylal LOpLOL TIPWTELVNG
® AY-H2H ENTPOIIAZ

yla LOopLaL VEPOU

® JtaBepormnoinon Aoyw
oXNUOTLOMOU
acBevwv |
a}\}\n}\gnlﬁpdoewv = AvadimAwpévo cuoTnua

areAeuBepwon
EVEPYELAG
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