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“Chemical principles and cellular biochemistry”
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Everything in life and elsewhere are
made up of atoms.
* We are made up mostly of elements oxygen,
carbon, hydrogen, and nitrogen (96%).
e Compounds are combinations of elements:
water H,0, salt NaCl, methane (gas) CH,.
* Atom is an unit of matter of a single element.

e Question: The human body, which has 7x10%’
atoms, is composed mostly of which element?
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Atoms are made up of neutrons,
protons (+), and electrons (-).

Cloud of negative Electrons
charge (2 electrons)
Nucleus
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Atoms are made up of neutrons,
protons (+), and electrons (-).

* Atomic mass = # protons + # neutrons.
* Atomic number = # protons = # electrons.

* Isotopes have the same atomic number but
different atomic mass (carbon 13).

* Radioactive isotopes used for dating. §
* Electrons occupy different
levels of energy. High energy p

Low energy 1

-
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Chemistry is determined by number of
protons and distribution of electrons.
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The Octet rule governs reactivity of
most chemical elements.

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Things to ponder while lining up to get
ramen (aka review).

* Question: titanium has atomic number 22, an
isotope of titanium with mass of 48 has how
many neutrons?

* Question: how many electrons does chlorine
(atomic number 17) have in its outermost
(valence) shell?
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Chemical reactivity is dependent on
the number of valence shell electrons.
* Covalent bonds are made up of atoms sharing

valence shell electrons in a molecule (H-H
single bond, O=0 double bond).

* Water: oxygen - two single bonds - hydrogen.

electronegative

8*50.@3:

L1
S-r-a
o+
H20
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Chemical reactivity is dependent on
the number of valence shell electrons.

* lonic bonds are formed from atoms with such
differing electronegativity that one pulls
electron away from the other and both
become charged.

N cl
Sodium atom Chlorine atom Sodium ion Chloride ion
. (acation) (an anion)

Sodium chloride (NaCl)

rayLC | rayluo.3owl.com | rluo@aoni.waseda.jp WASEDA UNIVERSITY | IPSE Q

Other chemical interactions hold
biological molecules together.
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The 3D shape of molecules determines
their biological reactivity.

Key

M Carbon @ Nitrogen

Hydrogen Sulfur
B Oxygen

Morphine

Natural endorphin

(a) Structures of endorphin and morphine

Natural

LY
endorphln Morphine
Orbital structure of methane é

Endorphin
receptors

Brain cell

(b) Binding to endorphin receptors
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Chemical reactions preserve the
number of atoms of each element.

* Acid-Base:
HCl + KOH - KCl + H,0
e Combustion:
C;Hg + 50, & 4H,0 + 3CO, + energy
* Photosynthesis:
CcH,,0¢ + 60, - 6CO, + 6H,0 + energy
* Question: Xand Y are? 2H, + XO, - YH,O

rayLC | rayluo.3owl.com | rluo@aoni.waseda.jp WASEDA UNIVERSITY | IPSE Q

10/9/2015



The polarity of the water molecule
gives rise to hydrogen bonds.

v Polar covalent bond

5
Hydrogen bond :

T
g ©
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Properties of water sustain life on
Earth.

Adhesion to water allows transport up thin
vesicles; surface tension allows floatation.

Water can absorb heat when it’s hot and
release heat when it’s cold; high specific heat.

Water that evaporates as steam leaves behind
a cooler reservoir of liquid to prevent
overheating; high heat of vaporization 580 cal.
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bat on liquid ice
akes/seas won't freeze solid.
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Global warming causes polar ice caps
to form later and melt earlier.

e Combustion:
C;Hg + 50, & 4H,0 + 3CO, + energy

* |Impact:
Sea level rise 1.8mm/yr, increased rain in wet
areas, reduced rain in dry areas, heat waves,
droughts, ocean acidification, conversion of
tropical forests to savannahs, species extinct.
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Water can dissolve almost anything
due to its weak hydrogen bonding.
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Calculating amount of materials using
molar definition of mass.

* A mole of a compound has its molecular mass
expressed in grams (for 6.02x1023 molecules).
— One mole of water weighs 18 grams:
— 2 hydrogens (2 x 1.0079g) + 1 oxygen (15.9994g)

* Concentration is moles per liter of solution.

* Question: How many grams of salt (sodium
chloride) should you add to one liter of water
to get one molar concentration salt solution?
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one Cl (35.453 g/mol).
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NaCl is one Na (22.99 g/mol) and

one Cl (35.453 g/mol).

So one mol of NaCl is 22.99+35.45 = 58.44 gram,

put that in one liter of water to give you

1M NaCl in H,0.

(o

...............

Na| Mg
K |ca| |Se|Ti|V|cr|mn|Fe|co| Ni|cu
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Acidic and basic solutions affect living
conditions.
* At 25°C, [H*] = 107M, [OH] = 107M.

* pH =-log [H*], inversely related to hydrogen
concentration.

* Neutral solution has pH 7.
* Acidic solution has pH < 7, basic has pH > 7.
* Biological buffers reduce the effect of pH

Cha ngeS' Response to
. i
a rise in pH
. - i +
H,CO, HCO, + H
H" dor Response to H" acceptor Hydrogen
(acid) a drop in pH (base) ion
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The study of carbon based “life”
compounds is organic chemistry.
 Miller and Urey (12-11). "= " "z ‘Z
* 4 valence electrons of C: @j @ @
* Single bonds (ethane C,H,) H—Z—Z—H
109.5° |l| |l|
* Double bonds (carbon dioxide CO,)
1800 O—C=0
* Triple bonds (acetylene C,H,)
H—C=C—H

11



Isomers have the same number of
atoms of each element.

(a) Structural isomers

A
i
H HHHH
Pentane

©3004 Puaracn Edtaion, o

(b) Cis-trans isomers
X 4 e X
c=cC
/
H H

cis isomer: The two Xs are
on the same side.

02014 Paarson Education, iz
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trans isomer: The two Xs are
on opposite sides.
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Isomers have the same number of
atoms of each element.

(c) Enantiomers
CO,H

L isomer

02014 Paarson Dusatin, ne
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Isomers have the same number of
atoms of each element.

* Question: what kind of isomers are propanal
and acetone?

HH -0 e
H-C-C- C H—C—C—C—H
Fi

|
HoH Hoh
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Functional groups give “personalities”
to biological molecules.

Hydroxyl group (—OH) W Ethanol, the alcohol
w [ present
. J L = ?_ﬂ: OH  inalcoholic
(may be written HO—) H H beverages

| Polar due to electronegative oxygen. Forms hydrogen bonds with water.
Compound name: Alcohol

Carboxyl group (—COOH)
il o
| 7 4
0 5 H—C —c\ — —C + H*
_d W o
2 \0“ Acetic acid, which  lonized form of —COOH
. gives vinegar its (carboxylate ion),
_ sour taste found in cells
Acts as an acid.

Compound name: Carboxylic acid, or organic acid

rayLC | rayluo.3owl.com | rluo@aoni.waseda.jp WASEDA UNIVERSITY | IPSE Q

10/9/2015

13



Functional groups give “personalities”

to biological molecules.

Amino group (— NH,)

H
o) H
N
y A }:—rl: N e ow
_. = N\ HO 4| H
9 4 Glycine, an amino acid

(note its carboxyl group)

i
= 4 'lll —H
H
lonized form
of —NH;,
found in cells

Acts as a base.
Compound name: Amine

Sulfhydryl group (—SH)

W TH

O%C/UH
9 —sH H—C—CHy—SH
(may be written HS—) N

Cysteine, a sulfur-
containing amino acid

protein structure.
Compound name: Thiol
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Two — SH groups can react, forming a “cross-link” that helps stabilize
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Functional groups give “personalities”

to biological molecules.

| Phosphate group (—OP0O42")

OH OH H
’ o 17 1

2 o —o—po H—C—C—C
L

o

o

Glycerol phosphate,
which takes part in
many important
chemical reactions in
cells

Contributes negative charge. When attached, confers on a molecule the ability

to react with water, releasing energy.
| Compound name: Organic phosphate

Methyl group (—CH3) TH,
w H e
| | Il
0 4 —C—H _C c
0/ \N/
> I )
H

_-CHy

~H

5-Methyl cytosine, a
component of DNA
that has been modified
by addition of a methyl
group

Affects the expression of genes. Affects the shape and function of

sex hormones.
Compound name: Methylated compound
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ATP is the energy “currency” of the

cell.
f\/_v“\
'-o—P S=l=a= =

Reacts
e-e-® — @ +e-® + Energy
ATP Inorganic ADP
phosphate
Transfer one or both
phosphates for energy
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Life has three main classes of
macromolecules.

Carbohydrates store energy (starch, glycogen)
and form structures (cellulose, chitin) and
make up the backbones of DNA (ribose).

Proteins catalyze reactions and bind important
substrates like oxygen.

Nucleic acids carry genetic information and
information about making proteins (DNA,
RNA).

10/9/2015
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Monomers are built into polymers in
dehydration reactions.

(a) Dehydration reaction: synthesizing a polymer

Short polymer nlinked monomer

Dehydration removes a water
molecule, forming a new bond.

®

Longer polymer

(b) Hydrolysis: breaking down a polymer

Hydrolysis adds a water @
molecule, breaking a bond.
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Carbohydrates are chains of sugars
with carbonyl and hydroxyl groups.

Aldose (Aldehyde Sugar) Ketose (Ketone Sugar)
Trioses: 3-carbon sugars (C;HgO3)
H
H\;’O H—l']|:—0H
H—é—OH ?=o
H—C—OH H—C—OH
| |
H H
Glyceraldehyde Dihydroxyacetone

©2014 Paanon Educator
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Carbohydrates monomers are joined
together by glycosidic bonds.

* In solution, each monosaccharide form rings
of (usually) 5 or 6 carbons.

(a) Dehydration reaction in the synthesis of maltose

CH,OH CH,OH CH,OH CH,OH

1-4
H H H H H Hglycosidic H H
“H | H ; H T linkage 4k H
OH H @/ H —> KOH H nage QoHH
HO H HO o OH
H OH v H OH H OH H OH
Glucose Glucose Maltose
(b) Dehydration reaction in the synthesis of sucrose
CH,OH CH,0H CH,0H 12 CH,OH
H fi H o H H & L] H glycosidic | o H
| i 1 i 2] |
OH H @0/t Ho ) —— Ko o Inkege > < Ho )|
HO CH,OH HO o CH,OH
H OH v OH H H OH OH H
~ Glucose Fructose Sucrose
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Starch (a glucose) and cellulose (B
glucose) link monomers differently.

H_ 0

S
CH,OH CH,OH
H 0 H H—C—0H W oA a @
Slornge struchires ak !y HO—C—H 5 y
(plosiicis) D F— =
taining starch —C—
Grandles in o potato Amyiose (unbranchec) <4 Lo et
¥ tuber call Lo . o a H OH H—C—OH H OH
.n_:\"" 3 %% amopoctin Giszose « Glucose H—¢-—on P Glucose
S T ’
o "-.. oD (a) « and jb glucose ring structures
S—ew——
S granules CH,OH CH,OH CH,0H CH,OH
L' inmuscies, > o a6 } et i
i NS ogen (branc L 2 .
o / n“@“ OH  oA0H o,
®) f.-‘;."__ pr OH oH H oH

eliulose microfibels (b) Starch: 1-4 linkage of « glucose monomer
! in o plant coll wail Cellulose malecule (unbranched)

Microfibit - 2= Hyarogen bonds OH  CH,OH oH
o
0

OH  CHOH oH  cHoH
(c) Cellulose: 1-4 linkage of p} glucose monomers
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Fats are made up of glycerol and three
fatty acids joined together.

BPEAP SN IS LENY LN
__W.-\ |I|u|l‘npl|n|l|u.[‘nrliu|l|u'l‘
H—C—OH @ (in this c:::?:atl:mitic acid)
Glycerol
(a) One of three dehydration reactions in the synthesis of a fat
Ester linkage
e
OIH"NHHHH"HHH"H
wtrotl el el il nlalaln
LRl A LA
{T TR P TR T T
n-cro-t La LA Lo La LA L n
X ERER L SR )
bbb il

(b) Fat molecule (triacylglycerol)
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Phospholipids form the (bilayer)
membranes of cells.

N ..‘ -
! Choline \ %—Hydmphlllc

E o N R head

o i '

Z Q=p—Gs Phosphate Hydrophobic

£ o AN — tails

- e Glycerol

=8 (c) Phospholipid symbol

€C=0 Cc=0

2 Fatty acids

3 e

2

=1

] {_—Kink due to cis

g double bond

5

>

I

(a) Structural formula (b) Space-filling model  (d) Phospholipid bilayer

© Pearson Education, Inc.
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Proteins are required for diverse
functions of cells.

Enzymatic proteins
Function: Selective acceleration of
chemical reactions

Example: Digestive enzymes catalyze the
hydrolysis of bonds in food molecules.

o _o
<D —

Defensive proteins
Function: Protection against disease

Example: Antibodies inactivate and help
destroy viruses and bacteria.

Storage proteins

Function: Storage of amino acids
Examples: Casein, the protein of milk, is the
major source of amino acids for baby
mammals. Plants have storage proteins in
their seeds. Ovalbumin is the protein of egg
white, used as an amino acid source for the
developing embryo.

—

Ovalbumin Amino acids
for embryo

Transport proteins

Function: Transport of substances
Examples: Hemoglobin, the iron-containing
protein of vertebrate blood, transports
oxygen from the lungs to other parts of the
body. Other proteins transport molecules
across membranes, as shown here.

_Transport .
protein s ’

Cell membrane

02014 Pearsen e, e
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Proteins are required for diverse
functions of cells.

Hormonal proteins
Ci

Receptor proteins

F of an org s F Res of cell to
activities stimuli
Example: Insulin, a hormone ted by the I built into the
p ; other to take up membrane of a nerve cell detect
glucose, thus regulating blood sugar ignali 1 by other
concentration. % nerve cells.
v ®

',uﬂ" insulin /./ ®

$ High  secreted Normal Signaling - o protein

blood sugar blood sugar molecules .-

Contractile and motor proteins
Function: Movement

Structural proteins
Function: Support

p Motor p are resp ibl F
for the of cilia and horns, feathers, and other skin
Actin and myosil are resg ibl d I

E Keratin is the protein of hair,

for the Dnmral:ﬁonrof muscles.

PE ts and spiders use silk
fibers to make their cocoons and webs,
respectively. Collagen and elastin proteins

provide a fibrous fi k in animal
Actin  Myesin connective tissues.
A =
1 Collagen
D SIBARGTE
m
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Proteins are made up of amino acids

characterized by different side chains.

Honpolar side chains: hydrophobic

Sice chain (A group) e "'F:"'
- 5—« e 7—«- s —7—0 g 7 o w-*_-i—'
IW nine: I.mlm
(Gly or G) :m or A) w arU: iLe L lllu I]
o o e,
o, ; 2—. W om,
e e [ et
i 3 1 /5]
i Proline
(Met or M) (Phe or F) (Trpor'w) (Proor P)
Polar side chains; hydrophilic
-
) L] “.J
- e - W e oy
£ o o P o o
ot oy ot o L e i | i, it e - B
"o “e "o "o

rlm Threanine

Elnclrh:nlby harged side chains: h)’dl’ophilw

Acidic (negatively charged) - :-‘.
o e o o
LS ki oy [ T
£ = o il L
o = o = o
L 0 e B Rl el o L
" wo "o “o
Aspartic lclu Glutamicacid  Lysine  Arginine  Histidine
(sporD)  (Giu a3 (LysorK) (ArgorF) (His or H)
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CH>

Individual amino acids are joined
together by peptide bonds.

@w

. |S|.|
CH2

?—C—OH

Peptade bond

07014 Pasrson Kiesatin, ine
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Team work.

Which of the following chemicals do you NOT expect to be readily dissolved in water?
« A Uric acid

Hexane
. Glycerol
Ethanol

Potassium chloride

moo®

ATP is the main energy currency in cells, and it can especially be used to drive condensation
reactions that produce macromolecular polymers. How does ATP normally catalyze the
condensation reaction, which by itself is energetically unfavorable?

e A It transfers its terminal phosphate to an enzyme and is released as ADP.

* B. It transfers its two terminal phosphates to an enzyme, and is released as AMP.

e C. It covalently attaches to both of the substrates.

« D It transfers either one or two terminal phosphate(s) to one of the substrates and is
released as either ADP or AMP.

« E It covalently attaches to the enzyme, forming an enzyme—AMP adduct.
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