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functions

- Chemical bonding & molecular
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- Stereochemistry of biomolecules
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The levels of organization in the body
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Biomolecules - an overview

Proteins

— Polypeptides

— Amino acids

— Peptide bonds

Nucleic acids (DNA & RNA)

— Polynucleotides

— Nucleotide (base, sugar and
phosphate)

— Phosphodiester bonds

Carbohydrates

Polysaccharides
Oligosaccharides (Disaccharides)
Monosaccharides

Glycosidic bonds

Lipids

Diverse structures

Insoluble in water, hydrophobic,
nonpolar

Soluble in organic solvents

Made up mostly of hydrocarbon
chains
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Roles of Proteins:

Catalysts

Proteins

MONOMERS
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Polypeptide

Transport of vitamins, minerals, oxygen and fuels

Receptors

Cytoskeleton

Primary Structure

Amino acids: building blocks of proteins linked by amide bonds (peptide bonds)

Side chain or R-group

(This group varies in different amino acids)
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Amino Acid

R H o

Side chain (R-group)

Two amino acids liked
by a peptide bond
(yellow)



The structural formulas show the state of ionization that would predominate

at pH 7.0. The shaded portions are the R groups.

Nonpolar, aliphatic R groups

Aromatic R groups

CO0O cCOO (a{0]0]
HgN— ‘—H HaN—(lj—H ;N—(‘:—H
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Tyrosine Tryptophan

Phenylalanine

?OO - COO~ (EOO_ C|OO_
+ + H +
H,N—C—H H,N—C—H . CC H;N—C—H
l | H,N~ TCH, |
H CH; | | /C{I
H,C CH, CH, CH,
Glycine Alanine Proline Valine
COO~ (‘300 N (|300
Hgﬁ—(lj—H HSI:I—(JJ—H H,N—C—H
CHy H—C—CH, (;31{2
H
/C\ (|)H2 (IJHE
CH3 CH3 CH 3 S
|
CH,
Leucine Isoleucine Methionine
Polar, uncharged R groups
(|JOO B (|300 - (‘]OO N
H3I:T—(|‘,—H H,N-C-H H3I:I—(‘J—H
CH,OH H—(|3—OH (‘]Hz
CH; SH
Serine Threonine Cysteine
(|300 - (‘300'
H3N—C| H HHN—C‘} H
Cle ‘CH2
C CH,
VAR
N o v
SN
HoN \O
Asparagine Glutamine

Positively charged R groups

c00- C00~ ¢oo-

H;;N—(E—H Hm—ﬁ:—ﬂ H3l'I\I—LE—H
E BN B
CH, CH, C—NH
CH, CH, | on
\ | C—N
CH, NH H

*NH, (|3=1¢JH2
NH,
Lysine Arginine Histidine

Negatively charged R groups
COo0~ COO~
H3N—(‘3—H HsN—(‘Z—H
(‘TH-,: (‘JHZ
c‘:oo- (‘]Hz
(‘300"
Aspartate Glutamate

Abbreviations for amino acids

Three-letter One-letter

Amino acid abbreviation abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic Acid Asp D
Cysteine Cys ®
Glutamine GIn Q
Glutamic Acid Glu E
Glycine Gly G
Histidine His H
Isoleucine Ile [
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp AW
Tyrosine Tyr Y
Valine Val \Y
Asparagine or Asx B
aspartic acid

Glutamine or Glx Z

glutamic acid
1 2 3 4 5 6
Example: lle —Ala—His—Thr—Tyr—Gly — Pro

IAHTYGP
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UV absorption spectra of the aromatic amino acids and bovine

R serum albumin
Amino H-N /'\I_I/OH
group 2 T Carboxyl _ .
O group Side chain 10 - 1.0 -
o carbon Tryptophan
,—2@ 08 - 0.8
Tryptophan (Trp)
06 - 0.6 -
g
b E
2
=< 04 - 0.4 4 i
Tyrosine (Try) Aloumin
Tyrosine
b Phenylalanine L
0.0 0.0 ; T —=
Phenylalanine (Phe) o " o - o - vl
Wavelength (nm) Wavelength (nm)
Aromatic amino acids are amino acids that Medical Biochemistry, 4th Edition, Ed. John Baynes, Marek Dominiczak, 2014, Elsevier limited.

have a ring structure (called an aromatic
ring) in their side chain (R group) 7



Levels of structure in a protein T

Alanine
I
Glycine
I
Serine

B-pleated
sheet
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Valine .- . . . . . . . . o
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. 1 R 1 10y 1 I 0 1 1 o—c
Primary Tertlary Quaternary CoON=C N-CrOW=C o N-CoOMN-C c N-CON-Cich-C S
HHS R HHS R Hn'" R HHJ HOR

Primary structure: the linear arrangement (sequence) of amino acids in a peptide chain, where each amino
acid is connected by a pepfide bond.

Secondary structure : Local folding of the polypeptide chain into structures such as OL.-helices and B—shee’rs9
stabilized by hydrogen bonds between backbone atoms.

Tertiary structure: The overall three-dimensional shape of a single polypeptide chain, formed by further
folding and stabilized by various non-covalent interactions between the side chains (R groups) of amino acids.
Quaternary: The specific arrangement and interaction of multiple polypeptide subunits in a protein composed

of more than one chain, stabilized by non-covalent inferactions. 8



Primary structures
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Secondary structures

“the spatial arrangement of the primary structure determined by H-bonding”

Medical Biochemistry, 4th Edition, Ed. John Baynes, Marek Dominiczak, 2014, Elsevier limited.
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. Peptide bonds (covalent bonds)
Tertlary StrUCtU res & H-bonds (non-covalent)
» Specifies the spatial arran of the
secondary structure. Covalent

* |s determined by multiple interactions interactions

include: : ; /
Disulfide bonds C"“‘C‘;E

:

, '\ n’ ¥
OO e f‘ i
7% 7% Y JaD Ser—|@=HurQ=C= | Gin
(VP (/- - -
- ~. _'ﬂg-' H-bonds : NH | ¢ Non-Covalent

interactions

. . B ‘ ,
lonic bonds o d_ 2 Bl i /

E

Myoglobin; yellow:
hydrophobic AAs, blue:
charged AAs

Hydrophobic
interactions
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Quaternary structures

Several subunits held together by non-covalent bonds

o, [, tetramer of Hb

60 copies of each 4 subunits
of rhinovirus coat proteins

12



Nucleotide

Nucleic acids

!
NH, 5

B, ? NH2
B B B O=P-0" N
o Base 1 2 2 0 1 SN NN
[ : T A 7 f\ deoxyAdenylate
o 35 RIS NI Tt R [ J e
o HO—P—0—% “NO—P—0—% “O—P—0—% >“OH | 0~ 0 N
HO o o & o
Nucleotide Nucleic acid — H0 ll)
=P-0- N
o=h-0 </ | NH deoxyGuanylate N I NH  Guanylate
° NP PN
N” “NH, N~ “N” “NH,

B-glycosidic linkage H
\N’H o
4 \i )/
> o] NH;
F t 1 . , <//\§ N ’ 0=(|§;—0' ﬁl deoxyCytidylate
unctions: A, Lo
l ' o

Genetic information

(0] OH
—p_o- Me
storage (DNA) and o0 T mhymiayia (1 ey
. . . (o] N 0 fo) N o
transmission (RNA) Nucleoside
OH OH OH
DeoxyriboNucleic Acid DNA RiboNucleic Acid RNA

* Nucleic acids: DNA and RNA

* A nucleotide comprises three parts: i) ribose or deoxyribose; ii) a nitrogenous bases/nucleobase (purines or
pyrimidines) and a phosphate group

* DNA has deoxyribose and adenine (A), guanine (G), cytosine (C) and thymine (T)
« RNA contains ribose and A, G, C and uracil (U)

* Positions on the base are numbered 1, 2, 3, etc; on the sugar: 1', 2', 3’,4’, 5.

13



3 5

s Watson -Crick base
Cytosine ——mme::: ll—— Guanine o °
mine — 7MW ——— Adenine
e — g0 pairs and double helix
B S,
o ® 6
10 base va‘r Strands are o M=
pairs / turn A - anti-parallel H\N’H——’/ Y\%’N > ¢
of helix A\ g I \N—""'H’N‘)‘N 0-p=0
& ’(\ N, o] T
Y~ o H YH
¥o) \,—/L
-"ir::::fy H\ _-77 N AN
Deoxyribose- | ™ . N /HIN\”/N © O'?io

phosphate - = : S i R
backbone 3 5 A Y ] o NN

{ A 1‘ / / A

L 0

e The two strands in DNA, running anfi-parallel, are held together by H-bonds between

complementary bases (A=T, C = G)
e High G-C content makes the DNA more stable ™ T_ (Melting temperature)

e Hydrophobic inferactions and Van der Waals interactions from stacked arrangement of base pairs
14

Medical biochemistry at a glance, 3" ed., J.G. Salway, John Wiley & Sons, Ltd., 2012



Oraanization of DNA in eukarvotes

T

Telomere
Chromatid

Centromere

Chromosomes
during metaphase

DNA double helix = DNA wrapped around histones = Nucleosomes -
Nucleosomes coiled into chromatin fibers = further condensation of chromatin

- Chromosome
Medical biochemistry at a glance, 3" ed., J.G. Salway, John Wiley & Sons, Ltd., 2012
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Central dogma of molecular biology

= ___ Fo- Protein
replication transcription —~==? translation ' l? HN
i = ': R
 —  — == —— II"-.Z: 6_3‘
DNA RNA Polymerase _tRNA \ ) 0‘7
ribosome : a
polymerase J
7Y
3 o)
DNA RNA Protein
e Describes the flow of genetic information from DNA to proteins glycosylation ﬂ
e DNA is transcribed in the nucleus to make a complementary RNA strand o
e RNA is exported from the nucleus into the cytoplasm where it is translated HO= 0
to make a protein. NHAc
e The protein may then be modified further, for example by glycosylation
(attaching sugars) to give a glycoprotein.
e DNA is used for information storage — carries the genetic information
e RNA, Proteins and Glycoproteins are used for information transfer and
catalysis Glycoprotein

16



Carbohydrates

b

- _ .
'Polysaccharide

Interactions of Cell Surface Carbohydrates
with Various Receptor Proteins

Coll Adhesion Molecules

5 5
HOCH, O~ OH  HOCH, .  OH

o . . C . v ot y y NG o

|3 2 |3 27|
H C—C/ H H . H 4
Antibody
OH H OH OH

Desialylated

Deoxyribose Ribose glycoprotein Lectin
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Aldehyde Ketone Hydroxyl group

o
—OH Definition: Polyhydroxy aldehydes ] /Number of sugar units \

or Polyhydroxy ketones * Monosaccharide ()

* Disaccharide 80
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dash-wedge

Fischer projection

Monosaccharides — classified by functional groups

JOI\ Ketoses:
contain a
1
R R ketone group
Ketone (C=0) usually at
the second
D-Ketoses
carbon.
1
r=== Ifcuzoul
| CHyOH, | :
Lo 1 -2
N il H—C—OH
CH,OH

Dihydroxyacetone

Aldoses: @)
contain an y;
N
aldehyde group R H
(—CHO) at the Aldehyde
end of the D-Aldoses
molecule. P
I H (0]
- - - %
IH o! I_ _{ ,I
: N7 1 |
-<_. H—C—OH
B |
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I
CH,OH ”—C|—°”
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1 C [« |
- _l p—— — o o [ p——
H—cl—OH H—CI—OH HO—CI—H
HO—Cl—H HO—CI—H HO—CI—H
HO—CI—H H—cl—ou H—CI—OH
H—Cl—OH H—CI—OH H—CI—OH
CH,0H CH,OH CH,OH
p-Galactose p-Glucose p-Mannose

( 1 - == o
CH,OH / ( !
i 2 : ICIHZOH | | CH20H |
\I —_— l%—=_0_ J \cl_ 2 -
- HO—C—H
H cl: an HO—CI—H |
H—C—OH
”_(IZ_OH H—C—OH |
CH,OH | H—Cl_OH
2 CH;O0H CH,OH
p-Ribulose p-Xylulose p-Fructose




Monosaccharides — classified by number of carbons

Monosaccharides are classified based on the number of carbons in the molecule as
trioses (3 C), tetroses (4 C), pentoses (5 C), and hexoses (6 C).

Triose

Hexose

H
oo \1/°
\1/ 12
c H—C—OH
|2 |3
H—C—OH H—C—OH
13 | 4
CH,OH ”—C|§°”
p-Glyceraldehyde e i
p-Ribose | Pentose
H\ ,0 H\ /o H\ /o
| i i
H—C'—OH H—CI—OH HO—CI—H
Ho—cl—H HO—CI—H HO—CI—H
Ho—cl—H H—CI—OH H—CI—OH
H—Cl—OH H—CI—OH H—CI—OH
CH,0H CH,0H CH,OH
p-Galactose p-Glucose p-Mannose
Hexose Hexose

Triose

Pentose

—

H,OH
Z
o

—_——N

3
CH,OH

Dihydroxyacetone

1
CH,OH
12
3.
H—CioH
14
CH,OH

Tetrose

p-Erythrulose
?HZOH CH,OH fHadH
C|=O c|=o c|=o
H_?_OH HO—CI—H il ol
”_T_OH H—é—OH H_ﬁ_OH
CH,OH | " cl— >
2 CH,OH CH,OH
p-Ribulose p-Xylulose p-Fructose
Pentose Hexose

20



Monosaccharides — classified by both functional
groups and number of carbons

Example:
* Glucose: an aldohexose D-Ketoses
D-Aldoses (6-carbon sugar with an
aldehyde group)
- "\1/° * Fructose: a ketohexose 1 1CH20H
N4 H_CIEOH (6-carbon sugar with a CIH OH c|2_o
H_CEOH H_C:%)H ketone group) cljo |-|—c|10H
CH,OH H_C|30H | CH,OH CII-‘LOH
Triose |p-Glyceraldehyde C.Hon Triose |Dihydroxyacetone o-Erythrulose | Tetrose
Aldotriose oRibose] Pentose Aldopentose neloliiond Ketotetrose
H\C,o H\c/o H\C/o CleoH CH,0H CIHzOH
H—C:—OH o e C|=O c:=o . Ezz
S R D e T la
H—C|—OH H—CI—OH H—CI—OH I H_(I:—m-I ”_Cl_o“
CIHzOH CIHzOH CIHzOH .CHZOH CH20H C|”2°” Ketohexose
Hexose ID Galactose p-Glucose p-Mannose Kel:::;(:lfsseo-Rlbulose o-Kylulose il 21
Aldohexose Hexose Hexose Pentose Hexose



Intramolecular cyclization of monosaccharides

O Glucose in Water

https://www.youtube.com/watch?v=5H8SKas45Rk

22



Cyclic

CHO
H—C—OH
HO—C—H
H—C——OH
H—C—O0H

CH,OH
p-Glucose

o S _CH,0H

HO—C—H
H—C—O0H
H—C—O0H

CH,OH
p-Fructose

structures of monosaccharides

CH,OH
H O H
OH H
o H
e HO OH
Y |_OH CH,OH / H OH
2 :| EL _OH a-D-Glucopyranose
HO—C—H = / H |
’ = g M e
H—4c[—ou / \\c P
HO 3, 2C
H—C—OH H \OH \ CH,OH Pyran
H O _OH
6 CH,0H H Y
p-Glucose HO i H
(open-chain form) L OH
B-p-Glucopyranose
1
o CH,OH 6
S HOHZC HOH,C CH,OH
\ OH 2 2
H—C/ 1 0
HO—3C—H 5| OH /CHon H HO
= H{ —
—C— ac| )
H—C—OH / Sc—< Q H OH
HO / [o)
H_sT_o” H OH H
¢CH20H
p-Fructose a-D-Fructofuranose

(open-chain form)

(a cyclic form of fructose)

+
OH HO

\ | A | |
monosaccharide monosaccharide

CONDENSATION

water expelled

HYDROLYSIS

k-4— H,O

water consumed

O

glycosidic
bond

a-1,4-Glycosidic bond

A disaccharide



Disaccharides

Linked by glycosidic linkages (0L-, [3-bonds)
B-1,4-glycosidic linkage
H,O

TG e - by

Galactose Glucose Lactose

Sugar Maltose Sucrose Lactose
Monosaccharide Glucose + Glucose |Glucose + Fructose | Galactose + Glucose
Linkage a-1,4 a-1,2 B-1,4

Source In plant In plant In milk

Enzyme Maltase Invertase Lactase




« Caused by the lack of lactase
* Leads to difficulty digesting milk sugar (lactose)

* Triggered by consuming cow’s milk or dairy products

« Common in children and older adults

Eeo T Symptoms: Bloating, abdominal pain, gas and

oy
M T
e

flatulence, nausea, diarrhea, etc.

A A
A /A A
i @QQ i I @@@ I Gas
Lactose Lactose AT if?m%\:::ml?y
v * Bloating -“ %
%6000 No Lactase ’ \ B . ¥
Lactase ’ symptoms of
~ ’ %ctose intolerance
Bacteria '
Ferment L ' —/\ ‘
Diarrhea J >
\ Gurgling sounds
® )) B Loose stools
| Acid's and gases u

Norgi\gaéé_agzose Lactose Intolerant
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Oligosaccharides & Polysaccharides

Short & long chain of sugar units

.~ Starch granules
/ in potato tuber cells

“Mﬁ' <

__— Glycogen granules
"~ in muscle %)
. tissue B, @

T Cellulose microfibrils  #*®
2 in a plant cell wall

Starch

Gluoose
monomer

Cellulose

: \> Hydrogen bonds

Glycosaminoglycan

Link

sulfate

Flgure 7-27

— et Fith Editk
_.....>,¢}»2MQQQ o 2008 W.HFreeman and Company
= o

’] & 3
,,,r)—J‘\}‘MQO
"
Cellulose
molecules
_ ‘f”a
Glucosamine =0
S CH,OH
No” \QH__H 1
H lI!—H CH,0H
0= vy
f[_.,, chitin

N-acetyl group

CH,OH

n

Oligosaccharide

Hydrophobic
oC helix
Qf Hopanoid

DL l&
T é&\m

Hyaluronan
(up to 50,000
repeating

disaccharides)

Chondroitin
sulfate

Keratan proteins

Aggrecan
core protein

Virus

Oligosaccharide
chain

Plasma

membrane

protein

Glycolipid

Figure 7-35

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

Peripherail - Phospholipid
Protein

Oligosaccharide
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Polysaccharides: Amylose and cellulose

Anomeric configurafion can have a dramatic effect on oligosaccharide properties

Amylose (in starch) and cellulose are ° o OH 5 g®
. e o] O Q O Amylose
both 1,4-linked glucose polymers %\Hg&ﬁ Q“‘% é’&; 8@
. 0”|_oH HO e s
e Amylose forms soluble helices HO \/g: HO g;og s &, Glucose monomers
¢ o
. OH g ¢ 6% 2
e Cellulose has an extended conformation b o - COO(; %" | Amylopectin
<_°>

to form insoluble fibres

o 9
that H-bonds to other cellulose molecules 0& HO %‘o U0
OH o g o
. . HO ” 1o . 3
ol ~Ze

Amylose (poly-a-1,4-D-glucopyranose)

Cellulose (poly-p-1,4-D-glucopyranose) Humans cannot digest cellulose

OH
< T o OH oF OH because they lack the necessary
O a2 =T dot_gorbr— -
YH o » 0 HO » o enzymes to break down its 3-
o OH 1,4-glycosidic bonds. -
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Lipids
° Lipids are fatty acids (FAs), waxy, or oily organic substances.
®* Common types: fats, phospholipids, waxes, and steroids.
® Lipids are found primarily in three components in the body:
o Plasma

; : NN N NN
o Adipose tissues COOH

Palmitic acid

o Biological membranes COOH
HO
Cholesterol
o Oleic acid
I _ ?G) OJJ\/\/\/\/\/\/\/
HO __OH OH OH
/g\/\o’ ﬁ\o/\H O o) 0] /\/'\/\/\/\/\/\/\/\/
(o) HO HO o Y 7
O\I(VWW\/\/\/ OH OH HN‘n/\/\/W\/\/\/\
o o]
Glycosphingolipid

Phosphatidylcholine 29



®-3 & ®-6 Fatty acids

4 )
The double-bonded carbon atom counted o E'z ;
from the methyl terminal end of chain H3C c g\é/COOH
\<H;) H,
\_ n o J

®»=-6

1;}%%={AM/COOH

Linoleic acid
D=3
1
18 \2/3=1\5/=¥/=9\/\/\/\/C00H

Linolenic acid



Melting points of some fatty acids

Why does the cis-double bond lower
the melting point of unsaturated fatty

acids?

The cis-double bond creates a
kink in the fatty acid chain,
preventing fight packing. This

weakens intermolecular forces,

resulting in a lower melting

Stearic acid, mp 69°C Oleic acid, mp 13°C

/\/\/\/\/\/\/\/\/COOH COOH pO ! nt
COOH

COOH

COOH 3 1



Triacylglycerol or triglycerides

Adipocyte

G : :
———————————————————————— i :
| — | Fatty acid = Ol CH,=0=C=(CHy)y~CHy
y : i CHy = (CH,); = CH=CH=(CH,), = C+ 0 — CH :'1|:|5 _________ i
c ________________________ I |
4 ) CH,— O+ C —(CH,),s— CH
. e = Fatty acid _ 2= 0707 (Clahe™ Ca )
N r Triacylglycerol
=53 o
- - | = Fatty acid
CrH-0H ﬁ
HD_?_H - CHy=(CHy);4,—C=0":
‘ . GHZOH 8 B B B
e bor: = Palmitate
Glycerol
shutterstock.com « 732887680 i {I:I) E
| CHy= (CH,); = CH= CH=(CH,); =C = O" |
Oleate
are the main storage forms of fatty acids remmmmmn- —
I I
I I |
. | CHa = (CHo) (5= C = O™ |
3 fatty acids + 1 glycerol B e
Stearate

rarely contfain the same fatty acid at all three positions and are therefore

called mixed triacylglycerols 2



Phospholipids

“the main lipid constituents of biological membranes”™

Folar group
I

Phosphate

Glycerophospholipid

-~ Hydrophilic
head group

Hydrophobic
~ fatty acyl
tails

;jJJAAJJJlJJJJJJJJ

R

lifl§ i

Phospholipid bilayer
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3, .
Chemical bonding 5 A 5 O

LG T
Ry \
intramolecular e\ O hvdroaen
* Covalent bonds: polor couclent SN o
The strongest types of bonds & o

e Non-covalent bonds:

Formed by sharing electrons between
adjacent atoms (ex. C-C, H-O, S-S, peptide
bonds, glycosidic bonds) lonic Interactions

=  Flectrostatic interactions — \

o . X
(Charge-charge/lonic interactions) watermolecu” oy @
" Hydrogen bondlng — Weak Hydrophobic Interactions
= \an der Waals forces
* Hydrophobic interactions —
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Non-covalent interactions in proteins

Hydrogen bond
?'H:
CHr‘OH' ssssOmnC CH;—-CH;

Tonic bond

Region of éﬂ, \
hydrophobic _
and van der N Protein

Waals interactions Pi'otein fold
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Non-covalent interactions in DNA

; TR = = — Various weak forces stabilize the double helix
; 3 " / ) | * Hydrogen bonds: between base pairs
oS ( - 4‘ A Y, ﬁ@ . . .
i A b - By » Stacking interactions (or also known as Van der Waals
e ‘W interactions): between bases as they sit on top of one
(@ %), another
o=l e,/
B . 'Q — . A
£ ;
' 9 * Hydrophobic effects: by burying the bases in the interior of the helix
e increases its stability; having the hydrophobic bases clustered in the
i 5 '; interior of the helix keeps it away from the surrounding water
': * Charge-charge interactions: electrostatic repulsion of negative charged
¢ oA phosphate groups is decreased by cations (e.g., Mg**)
}\ >

Molecular Biology: Principles and Practice, Michael M. Cox, Jennifer
Doudna, Michael O'Donnell, 1%t Ed. 2012, W.H. Freeman and Company 36



CHIRAL OBJECTS

Mirror

Ql@ |

Left hand

ACHIRAL OBJECTS

B

Left hand

https://cdn.kastatic.org/ka-perseus-

Mirror

Right hand

Right hand

Stereochemistry

~¢

Cannot be superimposed

Can be superimposed

images/5029538d3c43e936668b6b7410ea7ea9b7627b16.png
Molecular Biology: Principles and Practice, Michael M. Cox, Jennifer Doudna, Michael O'Donnell, 1t Ed. 2012, W.H. Freeman and Company
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Chirality
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The L and D isomers (enantiomers) of

CO,H CO,H
= = Mirror
= = 14 T
= = } [
CH3 CH3 \k\ - Cannot be
. - / / superimposed
Mirror Left hand Right hand
Samuel-L-Jackson Samuel-D-Jackson
L-Alanine D-Alanine

Chiral carbon atom (o.-carbon or Ca); asymmetric carbon

Chiral molecules; optically active (can rotate planed-polarized light in the
opposite direction); enantiomers; mirror images

D for dexfro or right; L for levo for left

L-form in nature
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Chiral compounds (Enantiomers) are optically active:
Capable of rotating the plane of polarized light

Enantiomers rotate the plane of polarized light in the opposite of direction

CO,H CO,H
H2N>é<H H>(§I<NH2
CH, CH,
Mirror
L-Alanine D-Alanine
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The L and D isomers (enantiomers) of

CHO
H=—C—OH

CH,OH

H OH

CH,OH
D-Glyceraldehyde

monosaccharides
CHO -~ CHO
CHO CHO H—+—OH HO—t+—H
N HO i | H——OH
D=8 = , g H——OH HO——H
o Q H——OH HO——H
CH,OH __‘__(i}ijH CH,OH CH,OH
O e _H D-glucose  L-glucose
H )
HO The predominant
CH,OH form in nature is the p-form

L-Glyceraldehyde
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Carbohydrate Lipid Protein Nucleic acid
Building Monosaccharide Non-polymer Amino acid Nucleotide
block/monomer (D-form) No building block (L-form) (sugar, base and phosphate)

Intramolecular

interaction

Covalent bonds between
atoms (e.g., C-H, C-0)
Glycosidic linkages between

monosaccharides

Covalent bonds between
atoms (e.g., C-H, C-0)

Covalent bonds between
atoms (e.g., C-H, N-H)
Peptide bonds between

amino acids

Covalent bonds between atoms
(e.g., C-H, N-H)
Phosphodiester

bonds between nucleotides

Intermolecular

H-bonds (e.g., in cellulose)

Hydrophobic interactions

H-bonds, hydrophobic

H-bonds, hydrophobic interactions

interaction interactions, Electrostatic
interactions etc.
Structure Mono-, di-, oligo-, Diverse Primary, secondary, tertiary Nucleosides, nucleotides,
polysaccharides and quaternary structures polynucleotides
Examples Glucose, lactose, starch, |Fatty acids, triacyglycerols,| Peptide chains, myoglobin, DNAs, RNAs
cellulose, glucose-6- phospholipids hemoglobin
phosphate
Biological Energy storage, structural | Energy storage, structural Catalysts, transport of Genetic information storage
functions components, cell-cell components, cell vitamins, minerals, oxygen | (DNA) and transmission (RNA)

communication

membrane components

and fuels, receptors,

cytoskeleton

42



Main references and further readings

Stryer et al. Biochemistry, 9" ed., Macmillan Learning, 2019

Nelson et al. Lehninger Principles of Biochemistry. 8" ed. W. H.
Freeman and Company, 2021

Bayners and Donminiczak Medical Biochemistry, 6™ ed., Elsevier
Health, 2022

http://blausen.com/en/video/optically-active/
https://www.youtube.com/watch?v=3WZZXPOsPNI
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schadamas@kku.ac.th
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