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Chapter Outline

Monomer to Polymer
Hydrolysis and Condensation

Carbohydrates

*  Monosaccharide, disaccharide and polysaccharide

* Glycosidic bond

= Starch {amylose and amylopectin)

* Glycogen
« Cellulose
* Benedict’s Test / lodine Test

Lipids
* Glycerol + 3 Fatty acids
* Ester bond

*  Triglycerides
« Phospholipids
«  Emulsion Test

Protein

*  Amino acids
* Peptide bond

WHAT
*  Primary to quaternary structure YOU

» Globular vs Fibrous proteins

* Haemoglobin EAT
* Collagen

*  Biuret Test

Water
* Hydrogen bond
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The Building Blocks of Life

4 most common elements in living
Organisms:

Carbon
Hydrogen

Oxygen
Nitrogen

Also common in biomolecules:
Phosphorus
Sulpur



Monomers

* Elements make up monomers
* Simplest repeating unit of a polymer

E.g. of monomers:

* Monosaccharides
(carbohydrate monomers)

* Amino acids
* Nucleotides
* Fatty acids, Glycerol




Polymers

* Polymers are made of

1) Repeating monomers Foy 3 Q
2) Joined end to end @ '

alH
- In a process called WA A
polymerisation ‘ £ ?;H u €
e C—& o
H OH

E.g. of polymers:

Polysaccharides — carbohydrates
Polypeptides — protein

Polynucleotides — nucleic acids

Polymers can become so large in size - macromolecule
* @Giant molecule
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Condensation and Hydrolysis

'mm

@O .

* Molecule breaks down ‘mm

* Addition of water

Condensation:
* Two molecules combine
* Removal of water
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CARBOHYDRATES




Carbohydrates

* MadeofC,H, O
* General formula: C,(H,0),

3 groups:

1) Monosaccharides .

2) Disaccharides "
3) Polysaccharides .—.—"




Carbohydrates

Roles of Carbohydrates in Living Organisms

Eg: Starch, glycogen ; ¥

1) Source of energy in respiration a e
High C-H bonds—> energy = ATP !

P i b i

2) Building blocks for larger molecules @

Eg: RNA, DNA, ATP, glycoproteins and . _—
glycolipids in plasma membranes
Mucleotide

—— _1|
oy, g —

3) Structural support
Eg: Cellulose

Ol W™
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Carbohydrates

Monosaccharides

« Single sugar molecule

« Soluble, sweet
« Molecular formula: C.H, O

nann

Structural formula

Classified according to the b swoarn | Dedtonuaugars:  Tieneie:swimE

number of carbon atoms: (C,H 0,) (CeM,,0,) (CH,,0,)
- 3[: _triGEE {{:EHEDE) H‘-.. dfn H"\._ _.E:I?n H"‘-.::.:ﬁ?n
* SC ey pent.t]s_e I:CSH].!JUE] H._'.l';_n;H H_.;_EH H—'ﬁl-—ﬂﬂ
+ 6C — hexose (C;H,,0,) H—C—aH —OH  HO—C—H
l-ll H- li:~ OH H-~-1§:~ﬂl-l
Glyceraldehyde H—?—DH H—?—BH
bt H—:.'lt—uu
Ribose M
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Carbohydrates

Linear Structures vs Ring Structures

* |n pentose and hexose sugars (5C and 6C)

—2 Chain of carbon atoms are long enough to
close up on itself

-» Ring structure
- More stable, more common

|
OH
ﬁ?ﬂ |
; 0
. e— 1
— NH H
i R H O\ H
"'_‘f_ﬂ'. H OH OH

. CHOH ribose



Carbohydrates

Ring Structures of Glucose

* Close up at ClandC5 You need to remember how to

draw the ring structure of
a- glucose and B-glucosel

* Has 2 isomers: a- glucose and B-glucose

* Same molecular formula (C,H,,0,), s
same chemical substance, different form I—n

oY H

CHO0H
8 -j'—uh ’ff i H
J_/, | ‘_{: a-glucose "
— L on n S
b %_J—,f/ “H\ CHyOM
' fLH \“\ i ﬂ'lll u'-.k Ol
Glucose wo NG ul
. BUBU

B-glucose
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Carbohydrates

Disaccharides
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Carbohydrates guen gron

Disaccharides "/ \"” i \”
N :/m... N5

_C‘,
13

* Soluble, sweet H ﬂH

* Formed from 2 monosaccharides

* Through a process called condensation

* 1 hydroxyl group (-OH) + hydrogen atom (H)
- Produce 1 water molecule (H,0)

* Glycosidic bond formed — this is a covalent bond

* Break down of disaccharides to monosaccharides
-» Hydrolysis

-2 Require addition of water

* Both reactions controlled by enzymes



Formation of Disaccharide - Maltose

: 2 rings
1 ring “oxygen bridge”

CH,OH CH,0H CH,OH CH,OH

Q\ O, condensation II::'\\H T
/ |
1 4 1 +«H,0

OH C4  on :
LS
o, OH

-4 idi
OH “.fuh'“nf' “ om

maltosa walar

You nead to know how to draw prnducu
of condensation / hydralysis reactions!
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Formation of Disaccharide - Sucrose

CH-OH
1 CH,OH
] H
HO
0 CH-OH
OH
Fruciose

CH.OH

H OH T OH H

Sucrose Glycaosidic Bond



Formation of Disaccharide - Lactose

CH,OH CH;0H
0 ¢ 0
/] ou v /| o
|/ H | |/ H |
C C C C
I\ T N ] I\ N /]
H | H  HO ‘ i H
c ¢ —_—
| | T |
H OH H OH
Galactose Glucose

* Draw the structural formula of lactose.



Formation of Disaccharide - Lactose

CH,OH L'H OH

3 | LA™Y /P. )
| [ /I N I /| CH.oH

o




Carbohydrates

Polysaccharides

Polymers / macromolecules
Made via condensation
Glycosidic bonds

Not sugars = not sweet, insoluble
E.g. Starch, glycogen, cellulose

Amylose

Cellulose (fiber)

platmd o 355 RS By Sei A B Omiiosy



Carbohydrates

Polysaccharides - Starch
+ Storage molecule in plants

* Food reserve

* Amylose + amylopectin

1) Amylose
* Made from a-glucose molecules
* Linked by 1-4 glycosidic bonds

* Long, helical SHa0M
. . C—=0
* Unbranched, linear chain P M
Il OH H IFI:I
o™ /" om
|
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Carbohydrates
Polysaccharides - Starch

CH,OH CH,OH CH.OH CH.OH
H | H H )—ﬂ H 4 H O H
aPL o Ko DL ) !
on OH OH 0 H enz.
[
H OH H OH H OH H OH

1-4 linkages

0
H Q O n
HO 0 0 0 OH

Amylose



Carbohydrates

Polysaccharides - Starch

2) Amylopectin

Branched molecule

Made of a-glucose molecules
1-4 and 1-6 glycosidic bonds

Branches are at 1-6 linkages

Shorter chains

M

¢ ¢ dpha -4and
dipha 1-6
aiytasidic Bonds

Amylopectin

1,6-glycosidic bond

CH,OH



Carbohydrates

Polysaccharides - Starch

Amylopectin




Testing the Presence of Starch

- lodine solution
- lodine in potassium iodide solution

« Reacts with amylose in starch
- Form a starch-iodine complex

» Orange / brown = Dark blue
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Carbohydrates
Polysaccharides - Glycogen

Storage of carbohydrates in animals
Structure similar to amylopectin

a-glucose

1-4 and 1-6 glycosidic bonds
More branched than amylopectin
Clumped together =2 forms granules
Abundant in liver and muscle cells




Carbohydrates

Polysaccharides - Glycogen

T’HEUH
pe 8]
A \H
dycagan prmy kot HG;- .I."'TJH :;"r;#
: a1 Ggiycostdic inkaoe
More branched than amylopectin H OH ;
EPJ'-
CH,OH CH,CH CHz
/H “\H \H H \H
, | 'Y
£ A P A A
xﬂ_. L9 DH DH __.-' G.* 1 .’r D

o1 Aghvoosidic inkzgss
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Q: Why does excess glucose need to be
stored as starch and glycogen?

Glucose is: Starch and glycogen is:

* Soluble—increase * |nert — non reactive
concentration / decrease

water potential of cell
- water would enter
- cell volume increase,
animal cells may burst

* |Insoluble — no osmotic effect on cell,
does not easily diffuse out of cell

* Compact - large quantity of energy

+ Reactive — interferes with released when hydrolysed

other reactions in cell
I = * Glucose can be stored / mobilised
S iy e = quickly — many ends for
~ ..'-"":"".:"| ‘-h‘l""'a‘:{t-"i;- F , A :
SN Velis =2 attachment/removal of glucose



Carbohydrates

Polysaccharides - Cellulose

* Structural role in plant cell walls

- High tensile strength

-> Prevent cell bursting

> Helps cell withstand turgor pressure
-> Fully permeable




Carbohydrates Frgluence u,n

c O
Polysaccharides - Cellulose o \\
NNl
s
Structure: w -
. B.ﬂu:nse LLH_GH GHyOH G, O
- Molecules of B-glucose are Ao . I fé‘—“\.ﬁ :‘: N

rotated at 180°to each

H,/L| NG -]'[-\Hﬁu M M "] 0
another [ : “ WH

i H OH Mo OM
- 1-4 glycosidic bonds

-

* Unbranched, straight chain,
linear

- Form fibres

Cellulose (fiber)
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Condensation of B-glucose into cellulose

E?HEDH E?HEGH Ef}JHEDH
c 0 C 0] C——0
H 5 H /|5 H /|5 OH
(I‘/ Y ./ w \c /4 !
NV -l Nl Vs
OHNC . H @ ‘i?;-ffz & @ ?3_?1 :
3
|.1.| L!I'H H OH H OH
CH,OH CH.OH CH,OH
H J‘.,.—D H gt,——ﬂﬂ H — )
H NR /H N /H N
OH H OJ OH H DH_} OH H
H H WH
H COH H OH H OH
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Condensation of B-glucose into cellulose

cngH " GH cquH
3

c—c" c—-u
lz/rlis \c. DH H\l, / 3
|
DI G B

- OH m-n’nn H DH

H — - OH

HO O~

B, 1-4 glycosidic bonds



Carbohydrates

Polysaccharides - Cellulose

From molecules = fibres with high tensile strength:

1) Cellulose are straight chains, can lie parallel to each other

2) Hydrogens bonds formed between cellulose molecules
- many —OH groups in cellulose

3) Forms microfibrils and fibres
4) Fibres are arranged in a criss-cross manner

— many gaps between fibres
- cell wall is permeable to water, ions etc.
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H bonds btwn —0H
groups of diff chains

i o

anl Chan

:
5

]

CH M) CHoL
3 i

oA o CHATH ws on ‘

L

Pro Tip: Dotted lines are often

used to represent H bonds
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Carbohydrates

Polysaccharides
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Carbohydrates
Testing the Presence of...

Reducing Sugars Non-Reducing Sugars

Galactose Sucrose ~ the only one you
Glucose really need to know!
Fructose

Maltose
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L
Testing the Presence of Reducing Sugars

- Reducing sugar: All monosaccharides, disaccharides
- Except sucrose

+ Add 2cm? of Benedict’s solution to 2cm? of reducing sugar
« Copper (1) sulphate in alkaline solution

« Blue colour

« Reaction requires heating at 90°C

+ If reducing sugar is present:
Cu?* = Cu’ (in Benedict’s sol)
Blue, soluble = Red, insoluble

Mzre Traces of hoderats Lawps

+ Forms a brick-red precipitate  reducingsugsr i 4

o
# kg

(if high conc. of reducing sugar present)
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Testing the Presence of
Non-reducing Sugars (e.g. Sucrose)

1,

Add 2cm? of sample to 2cm? of acid to hydrolyse
glycosidic bonds =2 monosaccharides

2. Heat at 90°C Aways perform the reduting sygar test as well
3. Neutralize using 2cm?® of NaOH
4. Add 2cm? of Benedict’s solution ' r
to 2cm? of the mixture Glucose! 'EEEE '
5. Heatat 90°C IS yc oen
-
Results:

- Brick red precipitate = Non-reducing sugar
« Even after hydrolysis, remains blue colour
= Not a SUGAR

Uipdsiad on 258721 by Bkh 5) Shetdony



LIPIDS




Lipids
Made of; C, H, O (sometimes, P)
Important for:

1. Energy storage
(lipids have many C-H bonds, can generate more E than carbs)

2. Structural component of membranes
3. Other specific biological functions (e.g. hormones)

Monomers:

+ Glycerol
+ Fatty Acids

Polymers:
+ Triglycerides (Fats and oils)
+ Phospholipids




Lipids
Monomers — Glycerol and Fatty Acids
Glycerol 111
* Has 3 carbons il
+ 3 -OH groups (=31
- functional gp

=}

H

Fatty Acid
* Has an acid "head” (-COOH group)
+ a long hydrocarbon chain

- 0
JmemvEHtonds L LLUSiyunvueRduiAE .
- &  FyE=geegl e L mmil o " l-u = = ] - I-.-.
—)hydrncarhnnchalnts VRV TR LI B R
hydrophobic and non-polar
long hydrocarbon chizin cirboxylic

Indated an P52 L by Bl .-!Cfi:iff’f-*!i



Fatty Acids in Simplified Diagrams

-

__________ =

™
=X

0
\

=
T=r-x
Twl=T
T=M=T
T-M-T
IT==I
T~MN=I
T ==
T ==l
T=ry=T
T-M-T
T==x
T-M-I
Xom =L
T-M=x
T =M=T

T=

OH

long hydrocarban chain carbonylic
acid group

skeletal structure L

/\/\/\/\/\/\/\J\m

simplified, general structure j\

R OH
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Types of Fatty Acids

1) Saturated fatty acids
* No double bonds

2) Unsaturated fatty acids

* Has double bonds

Monounsaturated FA = 1 double bond
Polyunsaturated FA > 1 double bond

* Results in kink in hydrocarbon tail

* |Lesser C-H bonds

a.
=3
8

T
T-0v-I

~g
§
3
:
:

- B

=

T-O-x

i

By S
T

* Lower melting point — liquid at room temp.



Lipids

Polymers — Triglycerides
= 3 fatty acids + 1 glycerol
* Linked by ester bonds

* Formed via condensation reactions
* FAs can be unsat. or sat.

3 winter
glycerol 3 fatty ncld chains trighyoeridie, or neutril L molecudes
e I : I i : T
A ’ 2
H=L-=0—H H)- E*ﬂ?lrﬂig".'ﬁii—m:—cﬂ: : =L Hy-CHy=CHy~={Hy

o
H=C=0= H +HO - E-ﬂ-h—l:l-l:r"'E-Hr'EH:—EH: wCH=Chy=CHy * 3H,0

H=C=0—H Ho- C—CHy=CHyCHa=CH;~CHs 7 CHy—CHz~CHy
‘H
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Lipids

Polymers — Triglycerides

Properties:
* Insoluble in water

-2 Bces of the long hydrocarbon tails of
the fatty acids

-2 Non-polar, hydrophobic

* Soluble in organic solvents
E.g. ether, chloroform, ethanol

‘:‘IFI-IHJ & | FEmly it

H o H 4 H II- HoH

7 - W

. S R I S N o
Y an o o R T i Tl

= HoR o HEHH = -

H oK # B ® H T

Go. U B0 b i
g T e P e s it

WA, S N TS Tl T Y T (A T

MoHEHH W e

|£ H I'II l; ILT %

"‘.'--.,- " e L ¥

- - I ] T bl
i W WCH H ‘r.'h--.hﬂ"

F
AW




Lipids
Polymers — Triglycerides

Roles of Triglycerides:

1) Source of energy a P
Many C-H bonds (more than carbohydrates) ':r g’ w
Higher proportion of hydrogen "

Insoluble, compact

N N N 7

More energy can be produced per unit mass

2) Metabolic source of water

- High ratio of H to O atoms

— Release water during fat oxidation
- especially for desert animals




Lipids
Polymers — Triglycerides

3) Insulator
- below dermis

4) Protection of organs

5) Buoyancy
-> blubber




Lipids
Polymers — Phospholipids

* 1 fatty acid chain in
triglyceride is replaced by a

Structure of & Phospholipid

phosphate group oy
H.—ﬂ—'l"—ﬂ-—'l:—ﬂ
Composed of: Fosseats G ity acis Takis
G H H H H H H H
* 1glycerol it ——Lrbwendncnludnly
: 1 LOLELE R EL eI
. Zfﬂ'l't'val'.'ld'i HHE!!AHEHEHEH};H:H
Ester
« 1 phosphate gp G 0 M MMM
(PO,) H=t=a fEcteot r:”éT el
4 H ?lllél‘lll'f![lqll-lclltf*ltfll-i?_"'
H: W W H I|1I I-IF H H

* May also have other gps attached to
phosphate gp (represented by R



Lipids

Polymers — Phospholipids

a) Hydrophilic head

Phosphate group
Charged, polar
Forms H bonds with water

b) Hydrophobic tails

Fatty acid residues

Hydrocarbon chains are
insoluble and non-polar

Repels water

0
O-P-0

¢
CHY-CH-CH2
0 0
Ce0 =0
a3 G
cu ¢
(Hr CH
(M2 CH2
CH3 o
e cH2
11 CH3
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Lipids
Polymers — Phospholipids

Roles of Phospholipids:
1) Forms a phospholipid bilayer
* With hydrophobic core

* Barrier to water-soluble substances
at membrane

2) Allow regulation of membrane fluidity

* Double bonds in unsat. fatty acid tails increases fluidity
» Sat. FA decreases fluidity

pobatmd o 355 RSE By Seh 40 Ehahiloay



Lipids
Polymers — Phospholipids

3) Help to hold membrane
proteins in place

* Hydrophobic interaction with
‘floating’ membrane proteins

4) Can combine with
carbohydrates to form glycolipids

* Important in cell recognition
(more in Chap 4)

i Beliarire
Updatmd an 25 121 &y Sab 5 @hnhiogy



L
Emulsion Test for Lipids |

1) Shake sample with ethanaol
2) Pour mixture into a tube with water

Results:
- Transparent — no lipids
+ White and cloudy - lipids present

- Lipid molecules clump together
— Forming little groups dispersed throughout the liquid
- Emulsion

Linodheeda on AR T oy #Beh 59 aibheh oy



PROTEINS

G
5

5

LT b



Proteins

Made of: C, H, O, N (sometimes, S)
Examples of structures made of protein:
* Haemoglobin

* Collagen

* Components of cell membranes

* Enzymes

+ Antibodies 8
*« Keratin
Monomer: Amino acids

Dimer: Dipeptide
Polymer: Polypeptide

Uptatimd o 25 21 by e 3 @hahilosy



Proteins
Monomer — Amino acids

You need to know how to draw the

. . general structure of amine acids!
The general structure of amino acids:

Carboxylic 7 .
acid group ,.-C —C—N Amine group
~
HO | H
R
R group

There are 20 types of R groups
- 20 different amino acids



Proteins
Monomer — Amino acids

Carboxylic G‘Q‘" | o’ H
scid group Hc_ C N Amine group
A -~
HO - H
. R
R group
g 8 H H
‘ Ami | l #0 Carboxyl
HfN mino H_N‘r_c_c arooxy
OH group | | ‘\0_, group
H R
R Side chain
skeletal structure 3.3, are in an ionized

state in water
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Proteins
Mﬁnﬂmer—Amln{j aCIdS You need to know

how to draw glycine

E.g. types of amino acids Iii
HaN— C—COOUH

The simplest amino acid is glycine II-!

Rgroup=H

One more name to rmb is cysteine /

|
T

R group = contains sulphur ?H {\rﬁ\n
9 »



Twenty standard Amino Acids

I e :.

oo Elil_l
HBH-C—H RO -

PN

Vakijas
. T
o =i
5
| i |
|
!Mlm

BV ela pietw
HN "ﬁ — —
. E

il ..wlllﬂl dlnestiles

Mllldﬂ"ﬂ:ll'l'l'l-lﬂ
l;u:n‘ -:;T.Il:l
-l e

Iqpagglalagpes Tarnsine

Tengbiiphsat:

Piii feets iuiiged B ghaiips

QLY CONY '
i TR wh-f ]

|
Nejgatively ehargod B groops | yo DO NOT need
v CO0 ‘to memarise this|
HA- 00 HA- O
ARpELL Ghstuctine
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Proteins
Dipeptides

Peptide bond
forms between
C of —COOH and
the N of -NH2

You need to know how to draw products
of condensation / hydrolysis reactions!

Peptide Bond

H i P 0 H " 0
‘H_J:_cf + Nl—&——c"
4 | N oH H ™ OH
R R
Dehydralion
Reaction = H,0
H H ::|. H 6
LY
‘ o
N l. L N nl: cf
W’ L Ton
Arrire R H R Garboxy
e Peptide bond T
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Proteins * Synthesised at the ribosome
« Condensation reaction

Polypeptides
o N Py
sl .
H=N-C-C- 1 M+ Hi=N=C-C~0M + Hi-p N-C- c--::_uf:_lg -N- -C—C-OH
H O r HO wu HHO . b
® §-© 360
Popbde
HiC CHy St
4 C f:HE cni,{;:
H-N-C- +::—H H - OH = 31,0
“f
Peptide bonds
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P rote | ns @ = central carbon atom

=R group
Polypeptides
0 R- 0 R
H H
H N N
= H = H
R O R’ O
SH
H (o] H O
N @ N
Hﬂ’;r ';' \n’#ﬂ"
o H o |



Protein
4 types of bonds

Peptide bonds
(present in all polypeptides)

Hydrogen bonds
Disulfide bonds

lonic bonds

Hydrophobic interactions

W e

e —
D‘I;_:H;‘E'HJ‘E-H;'"M.#&;-E‘-EH;

Ut am

1onie band

=4S W

Hab 5 @anhiloay



Peptide bonds

. UEW Stl"ﬂl"lg Pentide Bond

H H H H
* Covalent bonds .L G s
__H_ _l:f' + ..-H_:_c;
* Between Cof-COOHand - | “oH oy~ oM
R R
the N of -NH2 1
. Dhshyeirallon )
* Result of condensation Roaction  |{ o= M0
; i
reaction
H O H
Wed Ay b
) M= e MO~
* Presentin all el | L] " OH
. """"“".':' R R Carbiosy
polypeptides iaitinus cromreryees sermims



1. Hydrogen Bonds

* |ndividually weak

*« But many H bonds
— cumulatively strong

* Between H of -NH / — OH group
and O of —=CO group

* OR between R groups

Easily broken by:
* High temperatures
* pH changes



2. Disulfide Bonds

* Very strong covalent bonds
* Between sulphur atoms of cysteine amino acids

H H 5
|0 | I
- {J. I::I
1 H ? H5
TH ]
= =
|. M i
CHs Wiy
| 40 4 | #
cysteine THN—C —C_ HaN _f s =
I 0" e
H H
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3. lonic Bonds

* Between ionized amine and carboxylic acid groups

- —NH;* and - COO" groups

-» that are not involved in peptide bonding

* OR between charged R groups

* Weaker than disulphide bonds, but stronger than H bonds
* Easily broken down by pH changes and high temp

H H o
a | 7
mino H—N* c—0 Carboxyl
group i ) Ng- v
H R 0
Side chain l

CH, —NH* “0—C—CH,
lenic bond

=R by Seh 1) @hahiloay



4. Hydrophobic Interactions

* Between non-polar / hydrophobic R groups
* Repel and move away from water

« Weakest
GO O COO
Loy 0
HaN—C—H H,-.H—[_'-—l-! HalN lli“' H
H ('H. CH
cil, Oy
Gilvelns Al ne Vaulins
lfl:]ﬂ COMD {l‘.‘ﬂl'.}
H N— IE‘-—-H HN-—C—H Hji'—-ﬁ..'—u
ﬁlﬂu CH; H—E—El-l_..
CH CHs CH,
cH, cH '
= . 3 'H,
6."1;
Leticine o o EER] (R WSl 1 T



Protein
4 types of bonds

Weakest = Strongest

Hydrophobic interactions
H bonds
lonic bonds

Covalent bonds
i.e. disulphide bonds,
peptide bonds

ot ol (e

C=Ory—0 T 01 ( '

4 — .

lonic bong
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Proteins

4 levels of protein structure

*  Primary structure

*  Secondary structure
* Tertiary structure

* Quaternary structure

LEVELS OF PROTEIN STRUCTURE

Friimaaey Stucium

Tertlary Steuctlirn Cluatarmuny Strut i

Luswien| [ Remiicm
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4 Levels of Protein Structure

folding pattem of a
prutein due to side

Bin o amino acid chain
chaln Interpctions
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Primary Structure

« Linear sequence of amino acids

* Held together by peptide bonds

» Specific seq of amino acids

-> each with diff properties of R groups

-2 Dictates folding of the polypeptide chain

g= l|l'| Lt "'1'|-|'I1'I
) i

Tl pilimogy (b stiilicie

.d é ¥ i Ty S an s i
1 tnd rankine agy il Eolsin
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Secondary Structure

* H bonds between amino acids
* Not located directly next to each other
* Of the same polypeptide chain

Two conformations:

1) - helix |
2) B - pleated Hydrogen bonds between o halix
xﬂ:;hnlhnﬂllwﬂﬂ'

Pigated sheet
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Secondary Structure

1) a - helix
* Hydrogen bonding

* between H atom of the -NH group
and O atom of the -CO group

* 4 places ahead
* Forms spring-like structures

Updhatimd an 35 21 by Seh 1) @hehiloay



Secondary Structure

2) B - pleated sheets

Hydrogen bonding

between H atom of the -NH group
and O atom of the -CO group

Straighter, looser form
Parallel, flat sheets

Y g
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Tertiary Structure

* Coiling and folding of secondary structures
—> Into a precise 3D structure

* Due to interactions between R groups

* One polypeptide chain only

* Could be held by all 4 bonds — H bonds, disulfide, bonds,
ionic bonds, hydrophobic interactions

Types Of alde chadn mbeiactibhe Ol 30 enap {0 Sruciurm)
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Tertiary Structure

Home

E.g. myoglobin

* Oxygen-carrying molecule
* Present in muscle cells

-> gives it a red colour

My oglolyn
* Made of 1 polypeptide chain g

* Has a haem group = non-amino acid group
* That binds 1 molecule of oxygen

Updhatimd an 35 21 by Seh 1) @hehiloay



Quaternary Structure

* Combination of two or more polypeptide chains
* Held together by all 4 bonds

E.g. Haemoglobin, collagen

(8} Callegen (b} Hemoglobin
Updbatmd an 35 21 by Seh 1 @hahiloay



Q: Which levels of protein structure are demonstrated by a
haemoglobin molecule?

A:

primary
secondary

aipha chaif alpha Ghain

tertiary
quaternary

hiatm chan LR G
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Proteins
Globular vs Fibrous Proteins

Globular Proteins Fibrous Proteins

Spherical / ball shape Long, parallel strands
Mostly tertiary, sometimes Mostly secondary structure and
quaternary structure forms fibers
‘Soluble ~ Insoluble
More functional roles More structural roles

E.g. All enzymes, antibodies, some
hormones, myoglobin, haemoglobin

Eg: Collagen, keratin

Enzyme
(tertiary/quaternary)




Proteins
Globular Proteins

Q: What makes globular proteins soluble?

A:
* Amino acids with non-polar / hydrophobic R groups are inside
* Amino acids with polar / hydrophilic R groups faces outside

LT gL T
Mirglin

syt
bargf | Fﬂﬂm}? structure -} Tﬂ'ﬂjﬂl}' structure

platmd o 35 RS E Y By g



Proteins
Globular Protein — Haemoglobin

Oxygen carrying pigment in RBC
Has quaternary structure

Made of 4 polypeptide chains

2 a-globin chains and 2 B-globin
chains

Globular

Amino acids with non-polar /
hydrophobic R groups are inside

Amino acids with polar /
hydrophilic R groups faces outside



Proteins
Globular Protein — Haemoglobin

* Each polypeptide has a haem group
=> Prosthetic group = non-amino acid group
= Permanent part of haemoglobin -

* Each haem has 1 iron ion (Fe **)

= Each Fe?* can bind 1 oxygen molecule
—>0One haemoglobin can bind 4 molecules of O,
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Proteins

Fibrous Protein — Collagen
* Structural protein

* High tensile strength piy "
: - . e 6
e e e %
* Every 3™ amino acid of each |
. . - Crrbagal moiocile
polypeptide is glycine TR T
« Usually proline-alanine-glycine repeat .l |
Cotager Sher

* Glycine has the smallest R group!
- so it can be tightly wound

* 3 polypeptide chains form a triple helix
collagen molecule

-> Held by hydrogen bonds
- Quaternary structure TP e A R v



Proteins
Fibrous Protein — Collagen

* Collagen molecules lie parallel
* And form covalent cross-links

* Between R groups of lysine a.a.

» Staggered gnds
- so no weak spot

* Forms fibrils and fibres : 1l I

Palypeptide

Imostly rapeat Ariple=halloil
of amino acids collagen

atanine-giycine)
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Proteins
Fibrous Protein — Collagen

Polypeptide chain

Held tngether bY: Triple-stranded collagen D,

miolecule _&_
}' - 306 nm E.| ';F
Covalent
cross-linkages

Colizgen fibnl ‘J\_»L

A NN Imannnm

H——% BT nm
Undatod on Forllf2l by Bah 57 000l 7 oy



L
Testing the Presence of Proteins

« Biuret reagent

- Copper (ll) sulphate and dilute potassium
hydroxide

- Add 2Zcm? of Biuret solution to 2cm? of
sample

* Purple — protein present
- Blue — no protein

+ NH, groups in amine react with copper ions
= purple
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WATER




Water

* Dipole in nature
> 0 atom has slight negative charge
= H atom has slight positive charge

* Hydrogen bonding

- between O and H atoms of
diff water molecules

= individually weak, cumulatively strong
- result in many properties of water




Water
Properties of Water

1) High specific heat capacity
2) High latent heat of vaporisation
3) High latent heat of fusion

4) Water as a solvent
5) Cohesion, Adhesion and Surface Tension
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1) High specific heat capacity S

+ Specific heat capacity = amount of heat required to
raise the temperature of 1 kg of water by 1°C

* Large amount of energy needed to raise
the temperature of water

- Due to H bonding in water
-2 Large energy needed to break H bonds

* Provide stable temperature / environment
— Acts as buffer against sudden temperature change
- Temperature of water does not change quickly
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2) High latent heat of vapourisation

* Latent heat of vapourisation = amount of heat required to

evaporate 1 g of water

* Able toremove a large amount of heat
energy from surroundings

- Important as a cooling mechanism

« Large amount of energy needed for
water to evaporate

- Due to H bonding in water



3) High latent heat of fusion

_;_.~——-—- Hydmgrn hﬁndgv

* Water also need to lose a large ,é"u' @ Q/\Q& " ﬁ\
amount of heat to freeze [;.ﬁ u | ulj lb fﬁ!ﬂiﬁ

-. Al o

-> Due to H bonds 4 G‘
&

-2 Provide stable habitats for aquatic
organisms, less likely to freeze

* |ce is less dense than water
* Water is most dense at 4°C

* Floats = acts as insulator on
surface of frozen lakes
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4) Water as Solvent

* Water is dipolar

* Dissolves ions, polar molecules,
gases (oxygen, CO,) and waste
products (ammonia NH; and urea)

Important for:

* Transport, removal of wastes,
secretions, medium for enzymatic
reactions

Not solvent for: [P
* Non-polar molecules (lipids)



5) Cohesion, Adhesion and Surface Tension

* Tend to stick to each other — cohesion
* Tend to stick to surfaces — adhesion
* Because of H bonds

HiTem c=ll

Useful for: W == = — W ater malepuln
1) Transport of water in xylem tissue of plants
-2 long, unbroken column of water :

2) High surface tension
= Surface dwellers’ habitat
E.g. pond skater
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Q: Describe the importance of water as an environment for fish at the
North Pole. [4]

A

1) Water is a solvent = provides (dissolved) oxygen and remove carbon
dioxide / ammonia.

2) Water provides support / buoyancy
3) Water is liguid, so fish can move
4) Transparent, so fish can see

5) High specific heat capacity = so can provide stable temperature /
environment

6) Ice less dense than water =2 ice floats and act as insulator, so can
survive when water freezes

7) high latent heat of fusion, water does not freeze too easily

8) greatest density is at 4 °C = As a frozen lake warms after a cold winter,
dissolved mineral nutrients are brought to the surface.



Chapter Outline

Monomer to Polymer
Hydrolysis and Condensation

Carbohydrates

*  Monosaccharide, disaccharide and polysaccharide

* Glycosidic bond

= Starch {amylose and amylopectin)

* Glycogen
« Cellulose
* Benedict’s Test / lodine Test

Lipids
* Glycerol + 3 Fatty acids
* Ester bond

*  Triglycerides
« Phospholipids
«  Emulsion Test

Protein

*  Amino acids
* Peptide bond

WHAT
*  Primary to quaternary structure YOU

» Globular vs Fibrous proteins

* Haemoglobin EAT
* Collagen

*  Biuret Test

Water
* Hydrogen bond



Important Things to Remember

All tests

All bonds involved

Monomer and polymer names

Role of biomolecules

Examples of polymers — structure and function

P/S: Besides the general structure of amino acids,
glycine, alpha and beta glucose, you don't need to know
how to draw any chemical structures (from scratch
anyway), but you need to be able to recognise them



