Top-Down Approach
Lithographic, Manipulation, Industrial process

Bottom-Up
Self-assembly, natural process
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Log, Brick

High energy physicist —quark

Physicist-proton, neutron, electron
=>»periodic table

Chemist- molecule

Biologist- cells
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Thermodynamic
Strong-Weak interaction
Chemical bond
Hydrogen bond

Other interaction
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Figure 1 Assembly of branched DNA molecules.

a, Self-assembly of branched DNA molecules into a
two-dimensional crystal. A DNA branched junction
forms from four DNA strands; those strands coloured
green and blue have complementary sticky-end
overhangs labelled Hand H', respectively, whereas
those coloured pink and red have complementary
overhangs V and V', respectively. A number of DNA
branched junctions cohere based on the orientation
of their complementary sticky ends, forming a
square-like unit with unpaired sticky ends on the
outside, so mare units could be added to produce a

two-dimensional crystal. b, Ligated DNA molecules form interconnected rings to create
a cube-like structure. The structure consists of six cyclic interlocked single strands, each
linked twice to its four neighbours, because each edge contains two turns of the DNA
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double helix. For example, the front red strand is linked to the green strand on the right,
the light biue strand on the top, the magenta strand on the left, and the dark blue strand
on the bottom. Itis linked only indirectly to the yellow strand at the rear.



Figure 2 Two-dimensional ONA arrays. a, Schematic drawings of DNA double
crossover (D¥) units, Inthe meiotic OX recombination intermediate, labelled MDX, a
pair of homologous chromosomes, each consisting of two DNA strands, align and
cross over in order to swap equivalent portions of genetic information; "HJ" indicates
the Holliday junctions. The structure of an analogue unit (ADK), used as a tiling unit in
the construction of ONA two-dimensional arrays, comprises two red strands, two blue
crossover strands and a central green crossover strand. b, The strand structure and
base pairing of the analogue ADX molecule, labelled A, and avariant, labelled B*.

B* contains an extra DNA domain extending from the central green strand that, in
practice, protrudes roughly perpendicular to the plane of the rest of the DX molecule.
¢. Schematic representations of A and B* where the perpendicular domain of B® is
represented as a blue circle. The complementary ends of the ADX molecules are
represented as geometrical shapes to illustrate how they fit together when they self-
assemble. The dimensions of the resulting tiles are about 4 16 nm and are joined
together so that the B* protrusions lie about 32 nm apart. d. The B* protrusions are d
visible as "stripes” in tiled DNA arrays under an atomic force microscope.

~32 nm

0 492 nm
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Fig. 1. Tectosquare
structure and assembly
principhes. (A} Assem-
bly scherre. (B] Tec-
toRPA 2D diagram: LT
tectoRMAs have stems
6 bp longer than 5T
tectofMAs, M, ni posi-
tiors imvobeed in sternsg
x and X, nt from the 3
tail {im resd) and KL loops
fim gresn amd Buse) in-
wabved in Watson=-Crick
bp for tail-connectars
ar KL motif formation,
respectively. BA motlf
COMSENSUS Seojuence is
in orange. [C) Tecio-
siuare 30 model (LT).
Fromt and side views
are thown. KL lobops
form four sequence-
specific KL matifs (in
bluee, red, magenta,
and green) that adapt
collinear topologies
(see also fig 51). (D)
Change of 3 tail di-
rectionality upon RA
motif swapping. (E)
Tectosquare cis and
trans assemibly config-
urations. (F) The five
types of tectosquares
wsed in this study,

Week One

¥ @i I pilesmi
. N Ey

Fanaannih] AL 4
L e gliys ]
i 7] wuf

AL oo &



Fig. 2. RNA tecto-
squares are stable and
stiff supramolecular as-
semblies. (A) Nondena-
turing PAGE at 02 mM
Mg(OAc), of various
combinations of LT tec-
toRMNAs. Lanes a, b, c,
and d: tectoRNAs, a, b,
¢, and d, respectively,
at a final concentration
of 20 nM. Lane e: equi-
molar mixture of a, b,
¢, and d (20 nM each).
Lane f: equimolar mix-
ture of tectoRMNAs a, b,
e, and f (20 nM each).
Units e and f assermnble
with a and b, respec-
tively, but prevent the
formation of a circular
complex. Lane g tec-
tosquare after nonde-
naturing PAGE gel
purification and elu-

A abcdef g
closed

tetramer S -
opened >
tetramer

mers 3 7L
trimers

dimers P9——

» r
-
monomers W e : ; _—g "

; 24
15

T8

tion at 4°C in the presence of 15 mM Mg(OAc),. Tectosquares can be kept at 4°C for several
days without showing any sign of dissociation or degradation. (B and C) AFM visualization of LT
tectosquare in solution on mica surface (B) or in air after precipitation of the RNA on mica
coated with poly-t-lysine (C).
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Fig. 3. Diagram and
AFM images of tecto-
SqQuare Panapatterns
gererated from 22 tec-
tosquares, [A) One mi-
crometer Square SCae
AFM images obtained
in solution for LT1-2,
ladder patterry LT3-4,
fsh net pattern; LT5-6,
diamond patterr; ST3-
4, striped velvet pat-
tern; 5T3-LT4, basket
R pdﬂ.i!n'l; LT 7-8-
9, bce patterrm LT10-
11-12-13-14, polka
dot patterm; LT7-8-15-
16, tartan pattern;
LT17-18-19-20, cross
pattern. Scale bars,
500 nmy (B) Mapnifica-
tion of pattems in (A},
Scale bar, 20 nm (See
also fig 53)
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Review of General &
Organic Chemistry



Diameter of anucleusisonly about 1015 m.
Diameter of an atom isonly about 1019 m.

Volume occupied by negatively
charged electrons
<Approximately 10~ !0 m—>-

Proton
® (positive charge)

Neutron
— (no charge)

Approximately 10 Bm

>
Fig 3.1 The structure of an atom
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1.6 Elements andi the Periodic lrable

Periodic Table, shown below, Is a representation of
113 elements in atabular format.

1A BA

1 15
3A  4A BA BA TA I-i
13 14 15 16 17 |soomo

Metals Metalloids MNonmetals 3 6 7 8 : i
B C N O F Ne
1081 | 12.011 |14.0067|15.9994| 159984 | 201797
3B 48 58 6B 7B —— 88 —— 1B 2B |93 4 15 16 7 18

3 4 5 6 7 8 9 10 1 12 | A} S P S | Cl| Ar
260981548 28,0855 | 309738 | 32 066 [35.4527( 308

| 22 23 24 25 26 27 28 L 30 3 a2 33 H 35 34
Sc Ti v Cr [Mn | Fe | Co | Ni | Cu| Zn | Ga | Ge | As | Se Br | Kr
300983 40,078 |44.9559) 47.8R8 |50.9415) 51994 (54,9380 55.847 [58.9332| SRAD 63546 | 6539 | 6972 | FLA1 749216 FR.O4 | 79004 | B3.80
a7 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 ] 5
Rb | Sr Y | Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
854675 87.62 |88.9059] 91.224 |929064| 9594 | (98) | 100.07 |102.9065] 10642 [107.8682) 11241 | 114.52 |118.710(121.757) 12760 [126.9045] 131.29
55 56 57 72 73 74 7t 76 rirl 75 79 a0 51 B2 53 & 85 86
Cs Ba | *La ] Hf | Ta w Re | Os Ir Pt Au | Hg Ti Pb Bi Po At | Rn
1329054 [ 137.33 |138.9055@ 178.49 [180.947%| 183.85 | 186207 190.2 | 19222 | 195.08 |19%.9665] 200.59 [204.383] 2072 |208.9804] (209% | (2100 | (222)

&7 A5 84 105 111

Fr Ra | tAc Db
(223) | 2260054 |227.0278 (262}

58 4 &0 il 02 63 i 65 [ 67 [ i3 70 71
Ce | Pr |Nd|PM | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

140.12 [1408077| 144.24 | (145) | 150.36 [151.965) 157.25 |1589254| 16250 |164.9304| 167.26 |168.9342| 173.04 [174.967
90 91 92 93 Tl 95 o6 97 98 99 00 | w1 [ 1wz | 103

Th | Pa U [Np| Pu |Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
232 (1381|231 0399 (243) (247) : (258) | (259)
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Water molecule results when two hydrogen
aloms and one oxygen atom are covalently
bonded In a way shown in the following

pICture:
’ l Combine
. to gm ®
Two hydmgen atomq One oxygen One water molecule (H,O)

atom

Peilin Chen© 2006 Week One 14



A covalent bond between two hydrogen atomsis
shown in this picture.

Attractive Electron cloud

T\

O-<———

Repulsive
\ Nucleus

Fig 5.1 A covalent bond is the result of
attractive and repulsive forces between atoms.

Peilin Chen© 2006 Week One 15



Free-energy change

Tunpudturt
Heat of reaction || (in kelvins) || Entropy change

ll'.
\ A
AG = AH — TAS
The value of the free-energy change (AG)
determines spontaneity.

» AG IS negative; free energy Is released; process is
exothermic or exergonic.

» AG IS positive; free energy IS added; process IS
endothermic or endergonic.
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Fig 5.2 A graph of potential energy versus
Internuclear distance for hydrogen.
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HH (too close)

Bond length
(¥4 pm)

Internuclear ——
distance
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The shape depends on the number of charged clouds

surrounding the atom as summarized in Table 5.1

TAHLE 5.1 Moleculsr Geometry Around Aloms with 2, 3, and 4 Charge Clouds

MNumber

of Bonds

Peilin Chen© 2006
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Old Mixtures and Selutiens

Heterogeneous mixture: A nonuniform mixture that
nas regions of different composition.

Homogeneous mixture: A uniform mixture that has
the same composition throughout.

Solution: A homogeneous mixture that contains
particles the size of atypical ion or small molecule.

Colloid: A homogeneous mixture that contains
particles in the range of 2-500 nm diameter.

Solute: A substance dissolved in aliquid.

Solvent: The liquid in which another substance is
dissolved.

Peilin Chen© 2006 Week One 19



104 \Water as Bothran Acid and a Base

Water Is neither an acid nor a base according to
Arrhenius acid-base theory since water does not
contain appreciable amount of H,O"™ or OH-.
However, according to Bronsted-Lowry acid-
base theory, water 1s both an acid and a base.
O O
{:w'_'“cr + H O = (;"zu'_'w-l + OH

Acetateion ~ Water Acetic acid Hydroxide ion
(base) (acid) (acid) (base)
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TABLE 10.1 Relative Strengths of Acids and Conjugate Bases

Acid

Conjugate Base

Increasing
acid
Strong acids:
10,
dissociated

sirength

Weak
acids

Very
weak
acids

Perchloric acid
Sulfuric acid

Hvdriodic acid
Hydrobromic acid
Hydrochloric acid
Mitric acid

Hydronium ion

Hydrogen
sulfate ion
Phosphoric acid

Mitrous acid
Hydrofluoric acid
Acetic acid

Carbonic acid
Dihydrogen
phosphate ion
Ammonium ion
Hvdrocyvanic acid
Bicarbonate ion
Hydrogen
phosphate ion

Water

HCIO,

HI
HBr
HCl
HNO,

H,O0*
HSO,~
H,PO,
HNO,

HF
CH,COOH

H,PO,
NH,*
HCN
HCO,~
HPO,2-

H,0

Clo, -
HSO,~

-
Br—
1=
NO,~

H,PO,~
NO,~

L
CH,COO0™
HCO,~
HPO,2~

NH?-
CN™
G
Fs~

OH™

Perchlorate ion
Hydrogen
sulfate ion
lodide ion r
Bromide ion
Chloride 1on
Mitrate ion

Water
Sulfate ion

Dihvdrogen
phosphate ion
Mitrite ion
Fluoride ion
Acetate ion

"

Bicarbonate ion
Hydrogen
phosphate ion
Ammonia
Cvanide ion
Carbonate ion
Phosphate ion

o

Hydroxide ion }

Increasing
base
Little or strength
no reaction

as bases

Very
weak
bases

Weak
bases

Strong
base

Table 10.1 Relative strengths of acids and bases
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10.8 Dissociation of \Water

Like all weak acids, water is dightly dissociated into
H* and OH- 1ons. The concentrations of the two 1ons
are identical. At 25°C, concentration of each 1on Is
1.00x 10°.

lon product constant for water, k-
Ky = k{H;0] = [H0*][OH]
=[1.00 x 10-7][1.00 x 10-1]
=1.00 x 104 at 25°C.

Product of [H;O*] and [OH"] isa constant. Therefore,
In an acidic solution where [H;0*] Islarge and [OH-]
must be small.
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109/ Vieasuring Acidity 1 Aguesus

Selutien: pH

A pH vaue between 0 and 14 Is used to indicate
concentration of H;O" or OH- In solution.
Mathematically, the pH of a solution is defined as the
negative common logarithm of the H;O* concentration:

pH = -log [H;0* ] or
H,O*] = 10PH
Acidic solution: pH<7 [H;0']>1.00x10’M
Neutral solution: pH=7 [H;O*] =1.00 x 10" M
Basicsolution: pH>7 [H;0'"]<1.00x10’M
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Removal Addition
L‘.I'f H+ L‘.-f H-I_

\ / Bicarbonate
reserve

CO,+H,0 == H,CO, === H' + HCO, Sr—t

e | oe N7

respiratory respiratory
rate rate Other
buffer
systems

Kidneys

Lungs

Fig 10.7 Lungs and kidneys relation with the bicarbonate
buffer system
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12,1 TThe Nature ol Organic

molecules

Organic chemistry: The chemistry of carbon
compounds.

Carbon Is tetravalent; it always form four

bonds.
!

H—C—H

H
Methane, CH,

Peilin Chen© 2006 Week One 25



CH

CHO, CHS
CHN

C=0

COO

CON
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Family Functional Group Mame
Mame Structure® Simple Example Ending
Alkane Contains only C—H and CH;CH; Ethane e
C—C single bonds
" Fi
Alkene IF—C\ HyC=CH; Ethylens R
Allame —CE=C H=—C==C=H Acetylene {Ethyne) -y
0 8 7
IL*—L\ I:_‘—i’_\
Aromatic —({ et H—({ C—H Benzene Mone
W, L
=i 2=
PR H—‘ \-I
Alkyl halide —tl.L—X {X=F,CL Br. I} CH,—C1 Methyl chloride None
I
Aleohol —C—0—H CH;—OH  Methyl alcoboel (Methanall -l
I
I I
Ether —ii'—D—ii'— CHy=0=—CH, Dimethylether Mone
. 7 .
Armine _‘I:_N\ CHy—NH; Methylamine i
L 1
Aldehyde —;l_-—c_-—H CH;—C—H  Acetaldehyde (Ethanal) -l
B I
Ketone —ill‘—li‘—(lf— CH;—C—CH;  Acetone -0
Wi i
l:aiﬂmx}llic —ii' C—0H l‘_"Hg—l!—GH Acetic acid =l wehd
&)
I ﬁ‘ ﬁ I Il ]
Anhydride —‘I'—n:—i:r—c—qlz— CH;—C—O0—C—CH, Acetic anhydride Mone
I 1I,I} |
Ester —T—C—O—tl'— CH;—C—0—CH; Methyl acetate Aty
Lo L1 1
Armide —<T' C NHE,—(l_' [ ri4 H, ||:H3—(!—NH2 Acetamide it
[a]
[ 1
* The biescds whioss compections arm't apecified an il s bt arbachied foe-carbm o hyd noggen stoes i the ek of e molsoule,

Peilin Chen© 2006 Week One



12,7 Proeperties off Alkanes

Melting points and boiling points of straight chain
alkanes increases with molecular size.

Sm.

W Melting point

1 Boiling point

Temperature (°C)

—100

Peilin Chen© 2006
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Alkenes are hydrocarbons that contain
carbon-carbon double bonds.

Alkynes are hydrocarbons that contain
carbon-carbon triple bonds.

CHgCHzCHS CH3CH=CH2 CH3CE CH
Propane—an alkane Propene —an alkene Propyne—an alkyne
(saturated) (unsaturated) (unsaturated)
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1384 Preperties or Alkenes and

Alkynes

Nonpolar, insoluble in water, soluble in nonpolar
organic solvents.

L ess dense than water as a result floats on water.
Flammable
Nontoxic

Alkenes display cistrans isomerism whereas
alkynes do not.

Both alkenes and alkynes are chemically reactive.
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Unlike alkenes, benzene does not undergo
addition reactions.

Benzene's relatively lack of chemica
reactivity IS dueto its structure.

There are two possible structures with
alternating double and single bonds.

2 OUO—0 ©

"\ﬁr' b Two equivalent structures, which
- [ differ in the position of their
double-bond electrons. Neither
structure is correct by itself.

(a) (b) (c)
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14,1 Alconoels, Phenols, and Ethers

Alcohol: A compound that has an —OH group bonded to
a saturated, alkane like carbon atom, R-OH.

Phenol: A compound that has an -OH group bonded to
an aromatic, benzenelikering, Ar-OH.

Ether: A compound that has an oxygen bonded to two
organic groups, R-O-R.

OH
CH;CH,OH O/ CH,;CH,OCH,CH,

Ethyl alcohol Phenol Diethyl ether
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14.9 T hiels and! Disulfides

Thiols (R-SH) are sulfur analog of alcohols
(R-OH).

The systematic name of a thiol is formed by
adding -thiol to the parent hydrocarbon name.

"
CH,CH,SH CH,CHCH,CH,SH CH,CH=CHCH,SH
Ethanethiol 3-Methyl-1-butanethiol 2-Butene-1-thiol

Thiols have characteristic foul smdll.
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Thiols (R-SH) react with mild oxidizing agents
such as Br, in water to yield disulfide (R-S-S-R).

The reverse reaction (RS-SR - 2RSH) occurs
when a disulfide is treated with a reducing agent.

S-S bonds between two amino acid cysteines
gives protein molecules their required shapes in
order to function.

Hair protein is rich in S-S and —SH groups.
When hair I1s ‘permed’ some of the disulfide

bonds are broken and new ones are formed
giving hairs a different shape.
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15.1 Amines

Amines are compounds that contan one or more
organic groups bonded to nitrogen. They are classified
a primary, secondary, and tertiary according to how
many organic groups are bonded to the nitrogen atom.

H—T—H —T—H
H H
Ammonia A primary amine
(RNH,)
NHj CH,CH,NH,

Peilin Chen© 2006

A secondary amine

(RoNH)

(CH;CH,),NH
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15.1 Amines

Amines are compounds that contan one or more
organic groups bonded to nitrogen. They are classified
a primary, secondary, and tertiary according to how
many organic groups are bonded to the nitrogen atom.

H—T—H —T—H
H H
Ammonia A primary amine
(RNH,)
NHj CH,CH,NH,

Peilin Chen© 2006

A secondary amine

(RoNH)

(CH;CH,),NH
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TABLE 16.1 Some Kinds of Carbonyl Compounds

Family

Name Structure Example
I I

Aldehyde R—C—H FLC—C—H Acetaldehyde
I I

Ketone R—C—R’ H,C—C—CH, Acetone
I I

Carboxylic @~ R—C—O—H H,C—C—O—H  Acetic acid

acid

(Ijl) @)

Ester R—C—O—R’ H,C—C—0O—CH,; Methyl acetate
O O

| [
Amide R—C—N\ H,C—C—NH, Acetamide
Peilin Chen© 2006 Week One 37



The reaction Is reversible. Hemiacetals
rapidly revert back to aldenydes or ketones
by loss of alcohol.

Acetal Formation

In the presence of a small amount of acid
catalyst, hemiacetals are converted to
acetals. Acetals have two —OR groups
attached to what was the original carbony!
carbon.
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O OH

CH,—C—H CH,— CH—OCH,CH,
Acetaldehyde Acetaldehyde hemiacetal
with ethanol
OCH,CH,;
CH;— (lfH— OCH,CH;
Acetaldehyde acetal

with ethanol

Fig 16.3 Acetaldehyde and its hemiacetal and
acetal
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17.1 Carbexylic Acidsand raer

Derivatives: Properties and Names

Caboxylic acids have an -OH group bonded to a
carbonyl group. In their derivatives, OH Is
substituted by other group. Such as,

Esters have a—OR group bonded to a carbony! group.
Amides have an —-NH, group bonded to a carbonyl

group. 0 0 O
I | I
C e C
g oy T Ny
OH OR NH,
Carboxylic acid Ester Amide
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i

Functional Group Structure Type of Biomolecule

Aming group -NH;", —~NH, Amino acids and proteins
(Sections 18.3, 18.7)

Hydrowyl group —H Monosaccharides (carbohydrates) and
glycerol: a component of trlacylglyoerals
ilipicls) {Sections 22.4, 24.2)

Carbnn:r! group O MMonosaccharides {ﬁrbnh].ndrale;}; in

_g_ acetyl grodp (CHLO0) vsed b transfier

Carboxyl group

Amide group

Carboxylic acid ester

Phesphates, mono-, di-, tri-

Hemiacetal group

Acetal group

f
|
o
I
—C—0—R
0
Il
—c—n-:;—cr
{1
0 o
I I
- -Umv—n--ll-v-cr
Q oy
0 O o
I [ I [
—-El—l]—]'ll—{:l—Fl'—D—]'ll—Cl'
G- 8T O
|
—C—0OH
S
|
—Ll'—:]lt
OR

carboen atoms during catabolism
(Sections 224, 714, 71 8)

Aming acids, proteins, and fatty acids
(lipicls) {Sections 18.3, 18.7, 24.2)

Links amino acids in prnlr:rirls; formed h}'
reaction of amino group and carboxyl group
(section 18.7)

Triacylglycernls (and other lipids);
formed by reaction of carboxyl group
and hydrosyl group (Section 24.2)

ATF and many metabolism inlermediates
(seckions 178, 21.5, and throughout
mietabolism sections)

Cvclic forms of mencsaccharides;
formed by a reaction of carbonyl group
with hvdroxyl group (Sections 16.7, 22.4)

Connects monosaccharides in
disaccharides and larger carbobhydrates;
formed by reaction of carbonyl group
with hvdroxyl group (Sections 16.7,
227, 12.9)
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Protein ---- Amino Acid
Lipid ----- fatty acid
Carbohydrate ----- sugar
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All amino acids present In a proteins are a-
amino acids in which the amino group iIs
bonded to the carbon next to the carboxyl
group.

Two or more amino acids can join together
by forming amide bond, which is known as a
peptide bond when they occur in proteins.
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18.2 Amine Acids

20 amino acids nature

uses to build all amino EE*::T“-“--:—-*-_:::..-_.-.__....
acids in living organisms

presented in the Table
18.3 R B

rrrrrrrrrr
Fodas Femied bule | aws
; -—
]
|
—
N—
- Bea v o ool s
e
—
s am
g Pl
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O
I

Iﬁﬁ—fH—C—O_
CHOH

|
CH;

Threonine—zwitterion

Peilin Chen© 2006

Because they are zweitterion,
anino acids have many
properties that are common for
salts. Such as

amino acids crystalline

amino acids have high
melting points

amnno acids are water
soluble.
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The charge of an amino acid molecule at any
given moment depends on the identity of the
amino acid and pH of the medium.

The pH a which the net positive and
negative charges are evenly balanced is the
amino acid's i1soelectric point- the overall
chargesis zero.
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18.6 Miolecular Handednessand

Amino Acids

L1ke objects, organic molecules can also have
handedness, that Is they can be chiral.

Alanine, a chiral molecule

Mirror
0. O | 0. O
N ! V4
B ; Rs
e ] : | "
CH, | CH,
"Left-handed” E “Right-handed”
L-alanine D-alanine
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18.6 Miolecular Handednessand

Amino Acids

L1ke objects, organic molecules can also have
handedness, that Is they can be chiral.

Alanine, a chiral molecule

Mirror
0. O | 0. O
N ! V4
B ; Rs
e ] : | "
CH, | CH,
"Left-handed” E “Right-handed”
L-alanine D-alanine
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18.6 Miolecular Handednessand

Amino Acids

L1ke objects, organic molecules can also have
handedness, that Is they can be chiral.

Alanine, a chiral molecule

Mirror
0. O | 0. O
N ! V4
B ; Rs
e ] : | "
CH, | CH,
"Left-handed” E “Right-handed”
L-alanine D-alanine
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2451 Structure and Classiication

oF Lipids

Lipids are naturally occurring molecules
from plants or animals that are soluble In

nonpolar organic solvents.

Lipid molecules contain large hydrocarbon

portion and not many polar functional group,
which accounts for their solubility behavior.
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Fig 24.4 Membrane lipids
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In RNA, the sugar is ribose.
In DNA, the sugar is deoxyribose.
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Adenosine 5'-monophosphate (AMPF) Deoxycytidine 5 -monophosphate (dCMP)
(a ribonucleotide) (a deoxyribonucleotide)
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Bond formation in DNA replication
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