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1928, Griffith’s transformation experiment
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1944, Avery-MaclLeod-McCarty experiment

j_ '. Live nonvirulent bacteria jgiﬁrf,h
J  DNA isolated from heat-killed | [{]1Z% i

<= virulent bacteria




1952, Alfred D. Hershey & Martha Chase experiment

Only DNA is inherited by progeny phages
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uncommon naturally occurring pyrimidines and purines
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The syn- and anti- conformation

H H H
H H H
OH OH OH OH
syn-Adenosine anti-Adenosine
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Linkage of a base to a sugar

* N-glycosidic bond

* -idine or —osine, deoxy-
e Cytosine — Cytidine (fEE)
* Uracil — Uridine (FRE)

Deoxycytidine

e Thymine — Thymidine (F9FE

« Adenine — Adenosine (JRE
 Guanine — Guanosine (5T

 Syn- or Anti- conformation

) Deoxythymidine
) Deoxyadenosine
) Deoxyguanosine

NH, NH,

N/ N N/
| >%ﬁ% 4£\|
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CHOH o //1H§}Io\“
1 3
H AL H H/H

OH OH OH OH

 Sugars make nucleosides more water-soluble than free nitrogenous bases
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DNA% &) 7 m 5" — 3’

A H Fe X 4B M

T % BN E
z22  (backbone) ,

-
BEER —Bedk—— 1 i
L & NH 1. Phosphodiester
" H;I; <J | N_,;l\NH bridges
O 2 2. Linear or circular

3. 5’ and 3’ end of linear

3,_*5‘% YO molecule
4. Negative charges



RNA DNA

Ribonucleic acid Deoxyribonucleic acid
RNA DNA

P~
0 Cytosine



Three Key Questions
- Malin differences between RNA and DNA

 Why DNA is usually double strand, but RNA iIs usually single
strand?

 Why DNA uses 2’-deoxyribose, but RNA not?

 Why DNA uses T, but RNA uses U?



Types and Functions

1. Why DNA is usually double strand, but RNA is usually single strand?
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Oxygen atom is capable of nucleophilic (E4ZHY) reaction

mar

" DNA

RNA

elc. i e HsC i H
0 \' RN O “ N

¥ ol : y .

O=P—OCH, X W Adiolas 0—=P—OCH, o N O ruveise

-0 k . - -0

\ > 4 . N V4 O

:) OH oy 5'0 | N H
Yy @@ . G

0= P—OCH,

o Guanine

‘ Hy
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O=P—OCH,
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OH

2. Why DNA uses 2’-deoxyribose, but RNA not?
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RNA Is unstable under at high pH

2',3"-Cyclic Mixture of 2'- and
H,0 !
monophosphate —— > 3"-monophosphate
derivative derivatives
S n
FIGURE B-8 Hydrolysis of RNA under alkaline conditions.
The 2' hydroxyl acts as a nucleophile in an intramolecular
displacement. The 2',3"-cyclic monophosphate derivative
Shortened | is further hydrolyzed to a mixture of 2'- and 3"-mono-
RNOA ene “0—P=—0 phosphates. DMNA, which lacks 2" hydroxyls, is stable
I

under similar conditions.



Spontaneous deamination of cytosine can form uracil

| NH, o)
\\\\ / H
N~ N
+ H,0O — > NH; +
o N O N
H
Cytosine Uracil
0 ~600 reactions per day
H ., 4 @ in human genome
N 5
i 6
(0

H Thymine



Uracil-DNA glycosidase (UDG)
RIRNE-DNAEE s

A

5 -AGGTCG-3’ 5-AGGTUG-3' YP® 5. AGGTCG-3’
3’ -TCCAGC-5’ 3’ -TCCAGC-5’ 3’ _-TCCAGC-5’
5’-AGGUCG-3’ 5-AGGUUG-3’
3’-UCCAGC-5’ 3’-UCCAGC-5’
5 -AGGUUG-3’

Which U is True?
3’-UCCGGC-5’

3. Why DNA uses T, but RNA uses U?
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e Classification of nucleic acids

e Structure of nucleic acids
* Primary
e Secondary
 Tertiary

* Function of nucleic acids



® Primary structure:
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+ Secondary structure:
+ Franklin’s X-ray picture for DNA

Rosalind Elsie Franklin BEUDNA X5t £T5¢ &

ME X #FASN
TR DNA T4

(1) DNAZE#)ZRIRLER ; ke
(2) DNASDFH1E; SR e

(3) WEXTRYIE]EE;
(4) BPNTEEZRESE.



m Secondary structure: The Double Helix




No. 4356 April 25, 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

I wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
gtructure has novel features which are of considerable
biological interest.

A gtructure for nucleic acid has already been
proposed by Pauling and Corey!. 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 bases on the outside. In our opinion,
this structure 18 unsatisfactory for two reasons:
(1) We bolieve 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.

NATURE
I




? ;ll‘l J|:| LK
\ * H,\J A AYIAN

I::I;é

:It/ N\

37
B “/::ﬁi
S
i 2




DNA Chain

Rk
i PR

S HikSM A EHER S

CED

A

5 R T BRER EF I Fs A R

7K
=




Al TS|

H « 98 M~ 7 -
: s 3
A \N /H W ' \\C/ C/
N 3 0 Ny ] C/H
\ H N ¢ ! \C/N T
> 4 N — C\ = C’: // \C_ .
C -1 N = \H O ‘:“
( 1A A )
TS S o
g _N |
) W0t \C/ K
H—¢” N_ _C_&“" a0 N I . /Pt
C\ I N _H*® o NC 1\/}
e N~ "~ = C’ /(/j \C N
NT \N/Ht‘lC)



%ES B TRE HO X

[
& 7 )
> 0P~z 0, 5 ﬁ
Ol = 3 2
..ml - E\MJ\N ._.n
< N\Fff\_w m .ﬁ%
! <]
Z /,p--N,, m
o . K —_— i
D T
P - I = \
Y V/
By 5— A
v(u \C”O ML \C”O
\ & v H/ .
. . R AL
— Y- Z [C\ Yz fC\ =5
\ % \ O 7 \
Z—Q - S0 /N
H\ \ 4 \ 7
/ \ / \
2N - ZNG- L
TS 8 Nl
|
< * o T




DNA Structure: 347 or WHREE?

~

(a) Key features of (b) Partial chemical structure (c) Space-filling model
DNA structure
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120°
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Adenine : Thymine Guanine : Cytosine



DNA Structure: FEIEIS

A form B form / form

Helical sense Right handed  Right handed Left handed
Diameter ~26 A ~20 A ~18 A
Base pairs per helical L
turn 1 e s 12
Helix rise per base pair 267 gk aih
Base tilt normal to the
helix axis 280 B 1 o
Sugar pucker conformation  C-3' endo C-2' endo C-2' endo for
pyrimidines;
C-3' endo for
purines
A_ D N A Glycosyl bond conformation  Anti Anti Anti for pyrimidines;

syn for purines
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DNA Structure: BIZFIE&GEE

Palindrome [EI3: E&HEMRELHE—H.

rotator, nurses run

mGTGCTAA
AATCGTGH

Mirror repeat & [@=ES %R —&DNAE

SO ————

AATCGTGGTGCTAA
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DNA/RNA Structure: k%59 (BEgE)
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DNA Structure: three DNA strands
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DNA Structure: four DNA strands G Y&

Guanosine tetraplex

A5 7% B HUDNATE S T 72 R DNARY

SRk

Rix.



Parallel Antiparallel ¥

®©Unusual DNA structures (including triple helix and tetraplex)
tend to appear at sites where important events in DNA
metabolism (replication, recombination, transcription) are
initiated or regulated.
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-R  Sugar-Phosphate groups
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imfI[X  G-rich DNA Antiparallel Parallel Hybrid
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RNA Structure

Hairpin
Internal A C

Single
strands

Hairpin double helix
(b)
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tRNA (“cloverleaf” model) tRNA (folded model)
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Saccharomyces cerevisiae
cytosolic tRNA™ (76 nt)
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Molar extinction coefficient, €

+ UV absorption

DNA 260/280=1.8

14,000 - RNA 260/280=2.0

12,000 -

Molar extinction
coefficient at 260 nm,

€260 (M~ lcm_l)
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|
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| | | |
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+ Double-helical DNA & RNA can be denatured

260nmi i<, BHEDNARIFEIRUL
Et MEEDNAE 12-14% .

HERR VBB X B AERRAR T IR

Double-helical DNA

Denaturation \

Annealing

Partially denatured DNA & f

Association of
strands by base
pairing

4 ‘_i\ \ o y &\
/™
W \ym VL /f S8,

Separated strands W QL

of DNA in random coils

J

Separation
of strands

18 €8 U

hyperchromic effect




Denaturation (%)
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+ Double-helical DNA & RNA can be denatured
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+Nucleic acid hybrid
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Sample 1 Mix

-Hybrid
duplex

- Duplex of
sample 1

- Duplex of
sample 2
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Sample 2



+ Probe (#R%l)

Telomere
Vi
TTAGGGTTAGGGTTAGGGTTAGGG

()AATCCCAATCCC

The telomeres form caps at
the ends of chromosomes.
They contain a unique DNA
sequence which is repeated
several times.

Chromosome

ACCCOCAACCODCOCAACCCCAADCCC AA

Telomere The DNA sequence varies slightly
between species. The one shown
here is from Tetrahymena.

RS BRI



Autoradiogram

Southern blot (DNAEI#E)
Northern blot (RNAEJZE)

RNA or DNA Solution passes through
gel and filter to paper towels
- Migration
32p-jabeled \ »
size markers\ ¥° P \\ Paper ‘0\"9'3\
< :
N 7, . \\

Electrophoresis “

t/. 3 ; ; : R
Gel
Filter in

E *Seal-a-Meal* Salt i
x_:‘;ﬁ.,fn Probe hybridized bag solution N'"°§,?"“'°s°
o fiter o complamertary =
: - l "_ g Gel >:~.:_ \ Finer
Remove Hybridize with unique DNA
unbound 32p.labeled transferred

probe nucleic acid probe to filter



Polymerase chain reaction (PCR)

PCR Components PCR Process (ONE Cycle)
4 c s )
= -
~ A T l 95°C - Strands separate 1. Denaturing

DNA Sample Primers Nucleotides

. EI U/ l §5°C - Primers bind template 2. Annealing

Taq polymerase Mix Buffer PCR Tube

Ii

Ii

|

|

!

1 72°C — Synthesise new Strand 3. Extension

PCR Cycle

i

Thermal Cycler



One of the PCR cycles

Denature DNA

Extend Primers /
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DNA Sequencing S FEHAR

DNA polymerase

S clofof

strand
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s [II-oH O—P—0—FP—0—FP—0—CH;  [Base
o)

H H
Template H H
.*
H H
dCTP, dGTP, dATP, dTTP ddNTP analog
+ ddATP + ddCTP + ddGTP + ddTTP
BE-CGATTCGAGCTGAdA BB—-GCATTCGAGAAC BE-GATTCGAGCTddG B-GATTCGAGCAAT
EE—-GATTCGAdA BE—-CATTddC BE—-CGATTCGAAAG BE-GATAAT
B—-GddA =;Bdl\(‘.l'l'(‘dd(; - GAddT _
e \ g Sanger method is
A C G T 1
7 also called dideoxy
12— . ) A
> -l ¢ method
o | C
o | R : (B 1 55)
T | m— A
6 T—— G
5 S C
; ‘I % https://Ims.sysu.edu.cn/my/
2 | —— 3 A
L 1 S J G
Autoradiogram of Sequence of
electrophoresis gel complementary
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L3 Template of

unknown sequence
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‘DNA polymerase, ‘- |

""---.._______ % four dNTPs, :
* fuurddNTPl R 4

Add: /.

DNA polymerase
dATP

dGTP

dCTP

dTTP

plus limiting amounts of
flucrescently labeled
ddATP

ddCTP
ddTTP

RICHRICHITR R

— Dye-labeled
i
— mplm with
Denature ] unknown sequence
ﬁ
E Dye-labeled segments
—| areapplied toa
DNA  |==| capillary gel and
migration |~ | subjected to
==| electrophoresis,
= fatos >
} - =ammmex
=
==| Laser beam '
Detector ; Laser

CTGTTTOGATGGTG GTTOCCGAAMATCGG

Computer-generated result after
bands migrate past detector
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Next-generation pyrosequencing
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AFPES: DNA B 5 E5(DNA polymerase). ATPIRER{L
5 (ATP sulfurytase). %Yt EE (luciferase)fl =%ER

PREF W BEERER (Apyrase)

Pulse in dATP

QM

No flash of light; dATP
degraded by agyrase.

Pulse in dGTP

: @@
QQQ@@R@@@Q

Base is incorporated;
pyrophosphate is released.

Sulfurylase uses pyrophosphate
to convert adenosine
5'-phosphosulfate into ATP.

4 RYATP

In the presence of ATP,
luciferase reacts with luciferin.

FREREER

Flash of light

Nucleotide sequence

A GG T C G TT C A G
» 2

8

A G T C A G T C A G
Nucleotide added




Third generation sequencing =X 7

1. DNAPNEZEHITPCRY 12
2. BTSRRI A R

Intensity wmp
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First generation
sequencing
(chain termination)

Sanger
DNA purification

ST ASL Fragmentation

OO0 O O  cloning
primer Sequencing
-~
DNA template g gddm'p
‘ﬂ/\/\/\
R
Al
MO
NTNTNTNTN ACGT

Sequencing by synthesis

Read length: 300-1000 nucleotides
Accuracy: >99%

Real-time analysis: No

Output data: low output

Second generation Third generation
sequencing sequencing
(massively parallel) (single molecule)
llumina Nanopore
DNA purification s~ DNA purification

“TASL NS S Fragmentation | sSSP Adaptor ligation

— T T N—

Adaptor ligation Sequencing

Native DNA
helicase

— — S—
Ampllﬂcation & Sequencing

S aid L

lllumina Bridge amplification flow cell

Detection
flow cell
Detection
| M
A Cycle 1 Raw Signa | JL!\L J’\\
i -~ XS 01 ES
Base calling ACGT
ACGT

Sequencing by synthesis

Read length: 36-600 nucleotides
Accuracy: >99%

Real-time analysis: No

Output data: high output

Single molecule sequencing

Read length: 200-2 million nucleotides
Accuracy: ~90-95%

Real-time analysis: Yes

Output data: high output



Chapter 7
Nucleotides and Nucleic Acids

7.1 Brief History of Nucleic Acids

7.2 Nucleotides: the Building Blocks

7.3 Nucleic Acids: from Structure to Functions
7.4 Nucleic Acids-Based Biotechnology

7.5 Other functions of Nucleotides



Adenine nucleotides are components
of many enzyme cofactors
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p-Mercaptoethylamine Pantothenic acid
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0=i -
| ) |
3 -Phosphoadlenosine diphosphate
C e A (3'-P-ADP)
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Nicotinamide adenine dinucleotide (NAD™) Flavin adenine dinucleotide (FAD)
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Many coenzymes and related compounds are
derivatives of adenosine monophosphate

NH, Coenzyme R 'R | R |n
NZ | N\> Adenine Active methionine Methionine* H H 0
QN N Amino acid adenylates | Aminoacid | H | H |1
0 Active sulfate 1 SO;5% . H PO |1
R—|—0—P—0—|—cH, 3,5"-Cyclic AMP CH PO
c|>‘ 0 NAD* | f i H + H 2
" NADP* f PO> | H |2
FAD , f CH | H 2
RO OR’ CoASH f H PO 12
b-Ribose *Replaces phosphoryl group.

'R is a B vitamin derivative.



Nucleoside phosphates

Abbreviations of ribonucleoside Abbreviations of deoxyribonucleoside
5’-phosphates 5’-phosphates
Base Mono- Di- Tri- Base Mono- Di- Tri-
l ] Adenine AMP ADP ATP Adenine dAMP dADP dATP
| NMP : Guanine GMP GDP GTP Guanine dGMP dGDP dGTP
NDP Cytosine CMP CDP CTP Cytosine dCMP dCDP dCTP
L NTP . Uracil UMP UDP UTP Thymine dTMP dTDP dTTP

ATP: central role of energy metabolism
GTP: drives protein synthesis

CTP: drives lipid synthesis

UTP: drives carbohydrate metabolism
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()_éH2 Guanine

O—f:Hz Adenine

0=T

0 Guanosine 3',5"-cyclic monophosphate
Adenosine 3',5-cyclic monophosphate (cyclic GMP; cGMP)

(cyclic AMP; cAMP)

cAMP: olfactory sensation, taste sense cGMP: visual sense

PPGPP: produced in bacteria in
response to a slowdown in protein

NH, Synthesis during amino acid
starvation

T T » ATP and ADP serve as
HO—P—O0—P—0  OH neurotreansmitters in a variety of
OH OH signaling pathways.




Epinephrine

binds to its
specific
receptor.

D

B-adrenergic
receptor

e Hormone-recept e Activated G,

Eimnra 12.4a

or complex
causes the GDP
bound to Gy, to
be replaced by
GTP, activating

Gsa’

separates from
Gy moves to
adenylyl cyclase,
and activates it.
Many G,
subunits may be
activated by one
occupied
receptor.

cyclase

o Adenylyl

cyclase
catalyzes the
formation

of cAMP.

Adenylyl _:___

\

y

e cAMP

activates

b — Fin

cyclic nucleotide

phosphodiesterase

5-AMP @) camPis

—

degraded,
reversing the
activation of PKA.

Phosphorylation
of cellular
proteins by PKA
causes the
cellular response
to epinephrine.
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Selected synthetic pyrimidine and purine analogs

HN )‘\;[ ! HN ﬁ
A I =
o]
HO 0 HO
F 0] N
o HN 5 H | N
1 | maEE
HO H H HO OH
5-lodo-2"-deoxyuridine 5-Fluorouracil 6-Azauridine 8-Azaguanine
SH SH OH
N N
N N N \

6-Mercaptopurine 6-Thioguanine Alloburinol
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Summary: Functions of Nucleotides

* Building blocks of genetic materials

* Energy carriers
* ATP: central role of energy metabolism
* GTP: drives protein synthesis
* CTP: drives lipid synthesis
* UTP: drives carbohydrate metabolism

* Signaling molecules
* ¢GMP: visual sense
* cAMP: olfactory sensation, taste sense

* Allosteric effectors (EBRIZTFITIM 53 F)




%BR 7T FHY R

B4 F A AR B k&7 (nt, nucleotides)

4% T A4 B k&7 (bp, base-pairs; kb, kilo-base-pairs)
FHH B (oligonucleotide) <50bp
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millian
years ago

2

million
years ago

3

million
years ago

4

million
years ago

million
years ago

6

million
years ago

Past
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* ARKKAEHYIE

VT > \http //humanorigins.si.edu/

Homo group

Homo sapiens
modern hum 5 5

:up had |

Paranthropus group
o : ; Large teeth and powerful jaws enabled
Homo heilderbergensis l

Australopithecus africanus

garly humans to feed on a
REHIN.

Homo rudolfensis

. Hemo habilis

Paranthropus aethiopicus

Australopithecus afarensis
Ardipithecus ramidus

link to


http://humanorigins.si.edu/
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Ancestors evolve Meanderthals Researchers looked at
die out five groups of modern

humans

MNeanderthal

Neanderthal

eande

and Homo sapiens
interb ing

Common ancestor
with Neanderthal

Source: Science journal Note: Time periods not 1o scale
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for genome editing”
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CRISPR (Clustered regularly interspaced short palindromic repeats,

Prokaryotic Cell RERIXES)

Inactivated 1 \L

invading DNA TTTTTTTTITIITIIIITIIIY

Invading DNA Bacterial
/ \ J 2\ Chromosome
T Repeat ) 4
7 LT .

Spacer ¢ _“ > CRISPR
-~ Locus

Virus sequence

.
4
Guide RNA/Cas 9 Complex

Boundto Invading DNA tracrRNA

pre-crRNA

Guide RNA

‘e

Invading DNA Guide RNA/Cas9 Complex (Active) Cas9 Complex (Inactive)

AR &Pz



CRISPR-Cas EEmig R4t

Guide RNA

__Cas9

o

Matching genomic
sequence ‘:ﬁ

DNA

F FH— Cashig N
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e R L
bbbl bbb L L1
DELETING A GENE / \ INSERTING A GENE
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—
hd
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T A o 1|

Gene is disrupted Gene has a new sequence



Base Editor (BE) BB EEFERERS

N H 2 O
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Modified Cas9 Guide RNA
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% 2 DNArepair 5+ - ed’
and replication Base-edited DNA

Cytidine deaminase R NE S 0L 1 4 BRI IE (C>T)
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captain and officers of R.R.8. Ihsccvery I1 for their
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid

E wish to suggest s structars for the aalt

of deoxyribose nueleic acid (DWNLAL).  This
structure hwe novel fantures which are of considerable
biologics] interest,

A structure for mueleic scid has al been
proposed by Pauling and Corey!, They kindly mads
thair manuseript available 10 uz in advanss of
publieation, Their mode] consista of theee inter-
twined chains, with the phosphetes near the fibes
axis, and the bases on the outside. In our opinion,
thie structure s un=atisfactory for two reasons :
{1} We believe thet the maeterial whish gives the
X-ray dingrams iz the sslt, not the free aid. Without
the acidic hydrogen stoms it is not clear whae foross
would hold the stroeture togather, eapecially as the
nagatively charged phosphates near the axis will
repal ench other, (2] Bome of the van der Waals
distances appear to be too small.

Anothor threechein structure has also beon eug-
gested by Frasor (in the press). Tn hie model the
phosphates ara on the outside and the bhases on the
ingide, linked topether by hydrogen bonds,  This
giructurs a8 deseribed is rather ill-defined, and for

thia reason we shall not conmment
. on it.

We wish to put forwssd a
radically diffsrent etructure for
the ealt of deoxyribose nueleds
acid,  This structure hag two
helical chaina esch coiled round
ihve emmne axie (2ee diageam). We
hove made the useal chemical
sesumptions, nemely, that each
chnin consista of phosphsta di-
catar groups joining f-n-denxy-
ribofuranoes residucs with 37.5°
linkages, The two chains (but
not their basas) are ralated by o
dyail parpendiculsr to the fibre
axis, Daoth chaina follow right-
handed helices, but owing to
the dynd the seduonces of the
atome in the two chains run
in opposite  direstiona.  Each
chain  lonsaly  mesarnbles  Fuar-
herg's® modal Ko, 1; that ig,
the bases are on the inside of
the helix and the phoaphates on
tho outside, The configursdion

This fAguare s purely

il atho, The .
il sy il v of the sugar and the stome
o Tinapha e near it is close to Furberg's
i the i el “standerd confignration’, the
el

fogether. The vertieal

sugnr being roughly  porpendi-
tine maries the fibme sxis Thers

cular to the attached base,
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ig & residue on each chain every 34 A, in the zdirer-
tion, We have sssumed an angle of 36° between
adjacont residues in the same chain, so that the
strueturs ropeata after 10 reaiduess on sach ahain, that
ig, after 34 A, The distance of a phosphorns atom
from the fibre axia is 10 A, As the phosphates are on
the outside, cetions have easy socess to thom,

The stracturs is an open one, and its water content
is mather high. At lowor water eontents wo would
expect the basea to uilt so thab the stracture conld
betoms more eompe.

The novel feature of the stroetars s the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the hesas
ara perpendicular to the fbro axis. They are joined
togather in pairs, & eingle base from one chain being
hydrogen-bonded to a singls base from the other
chain, so that the two lie side by sides with identiesl
z-po-ordinates, One of the pair must bo & puring and
the other a pyrimidine for bonding to oecur,
Iypdrogen bonds are mads as follows ; purine position
1 to pyrimidine position 1; purine position & to
pyrimidine position &,

If it iz assumed that the basss only occur in the
structurs in the most plausible teutomeric forms
(thai is, with the kets rather than the emol con-
fignrations) it ia found that only specific psirs of
bases can bond togethor. These prirs are : adenine
(purine) with thymine (pyrimidine), and gusnine
(purins) with oytosine {pyrimidine}.

In dther words, if an ine forms one member of
a peir, on either chain, thon on these sssumptions
the other member must be thymine ; similarly for
guanine and cybosine, The scquense of bases on &
single chiain doee not appoar to be restricted in any
way. However, if only spocific pairs of bases can be
formed, it follows that if the saquence of hasss on
one ohein i@ given, thon the sequencs on the other
chain is automatioally dotermined.

It has been found experimentally** that the ratio
of tho amounts of adenine to thymine, aad the ratio
of guaning to cytosine, are always very close to unity
for ihosa nucleis acid.

It iz probably impossible to build this stroatuee
with » ribosa sugar in placs of the deoxyri A&
the extra oxygen stom would make too closs & van
der Waals contact,

The previonsly published X-ray data*® on daoxy-
riboao nuelsic seid sre insufficient for & rigorous Lest
of gar structure, So far ae we can tell, it i roughly
compatible with the exporimental dats, but it must
be regarded as unproved until it has been checked
against mors exsct results. Bome of these are given
in the following communications, We were not awarn
of the details of the results pressnted there when we
devised our structure, which reats mainly though not
antirely on published sxperimental data and shereo-
chemical arguments,

Tt has not esgaped our noties that the spoeific
pairing we have postulated imimediatoly suggosts a
pogeible copying mechanizm for the genotie material.

Full details of the structure, including the eon-
ditions sssumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere,

Wea are much indsbted to Dr. Jerry Donchus for
constent advice snd criticlam, especially on inter-
wtomic distances. We have also been atimulated by
& knowledge of the general nature of the unpublished
cxporimental resulta and ideas of De. M. H, T
Wilkina, Dr. B, E. Franklin and their co-workers at

1953 Nature Publishing Group



