


Chapter 2 CHEMISTRY OF
LIFE



CARBOI

THE ELEMENT FOUND IN ALL
LIVING THINGS
"I BUILEING BLOCIK OF 1Tz MOLECULES OfF LIFE"

ORGANIC COMPOUNDS

MOLECULES CONTAINING CARBON
TRAT ARE FOURND [N LIVING
THINGS



UNIQUE PROPERTIES OF CARBONS

1. A CARBON ATOM HAS _ FOUR _ELECTRONS
AVAILABLE FOR BONDING IN
ITS OUTER ENERGY LEVEL; THEREFORE, IT CAN
FORM _ FOUR BONDS WITH
OTHER ATOMS




2. WHEN CARBON ATOMS BOND, THEY

cAN FormM _°>NCLE ponps,

DOUBLE BONDS, OR TRIPLE  ponbDs

[DOUBEEBOND] [TRIPLE BOND |

| SINGLE BOND |




POLYI

ERS

LARGE MOLECULES FORMED WHEN
MANY SMALLER MOLECULES BOND
TOGETHER

ALSO KNOWN AS MACROWOLECULES
POLY=" mMANY ™  MACRO=" LARGE "

H N NN

SMALLER MOLECULES FORM POLYMERS



MONOMERS

THE SMALLER UNITS COMPOSING
A POLYMER

ALSO HNOWN AS SUBUNITS

MONO ="0ONE ™ gUB ="BELOW "

| MONOMERS BOND TO FORM POLYMERS |




VIPES OF MONOMERS: TYPES OFF POLYIMERSS
MONOSACCHARIDES ===p CARBOHYDRATES

BLYCEROL « FAVTY ACIDG

AMINO ACIDS ===
UGLEOTIDES —>

—> LIPIDS
PROTEINS

NUCLEIC ACIDS



CREMIGAL REACTIONS

OCCUR WHEN BONDS
ARE FORMED OR BROKEN,
CAUSING SUBSTANCES
TO RECOMBINE INTO
DIFFERENT SUBSTANCES

PARTS QF A
CREMICAL REACTIONS |
CATALYSTS

REACTANTS HEmEEmE PRODUCTS




TVPES OF REACTIONS INVOLVING
MONOMERS AND POLYMERS:

4. CONDENSATION REACTIONS - REACTIONS
IN WHICH MONOMERS REMOVE
A MOLECULE OF WATER TO FORM
A POLYMER

Y

CON & ™ wiTH _2 TOGETHER _




Types of Energy

Exothermic Energy: Chemical Reaction releases more energy than
It absorbs.

Endothermic Energy: Chemical Reaction absorbs more energy
than it releases.

Activation Energy: Is the amount of energy that needs to be
absorbed for a chemical reaction to start.




LONDENSATION REALTIONS:
MONOSACCHARIDE [] MONOSACCHARIDE

mm) CARBOHYDRATE [-| WATER

BLYCEROL + FAVTY AClDs =—=> LIPID
WATTER




AMINO ACID AMINO ACID —>
PROTEIN WATER

NUCLEOTIDE E WNUCLECTIDE memp
NUGLEIC AGID H WATER



2, HYDROLYSIS mREACTIONS - REACTION IN
WHICH A MOLECULE OF WATER
IS ADDED TO A POLYMER
TO BREAK IT DOWN
INTO MONOMERS

HYPRO =™ water ® [LVSIS 8™ Tospur "

POLYMER  + WATER
MONOMER  +  MONOMER



ENAMPLES OF HYDROLYSIS REACTIONS:

CARBOHYDRATE WATER =)
MONOSACCHARIDE [+| MONOSACCHARIDE

LIPID WAreR —>
BLYCEROL + FAITY ACIDS




PROTEIN WATER —
AMINO ACID =/ AMINO ACID

WUcLEIc AciD W WAVER — wemp
NUCLEOTIDE M WNUGLECTIDE



ENATIPLES OF ORGANIC COMPOUMDS:
CARBOHYDRATES

AN ORGANIC COMPOUND COMPOSED QF
CARBON, NYDROGER, AND QXY EERN
WITH A RATIO OF 2 Y RDROGEN
ATONMS ARND 1 QXYCERN ATOM
FOR EVERY CARBON ATOM

CH O
2

USED BY CIELL 10 _STORE AN RELEASE ENERGY




FORMED BY conpensaTioN  REACTIONS

[\, MONOSACCHARIDES "§l2[z SUEARS"
MONOMERS OF CARBOHYDRATES




3 DISACCHARIDES o« "IOIUBLE SUGARS”

DI = e TWO W

1)) SUCROSE  TABLE SUGAR

(GLUCOSE + FRUCTOSE)

“ MALTOSE  MALTSUGAR
(GLUCOSE + GLUCOSE)

@) LACTOSE MILK SUGAR

(GLUCOSE + GALACTOSE)




Test for monosaccharides using
Benedict’s Solution
(glucose,fructose etc)

Color of Benedict's reagent Approximate sugar concentration

nil

Light green 0.5-1.0%
Green to yellow 1.0%-1.5%
Orange 1.5%-2.0%




@, POLYSACCHARIDES = "J[[ULIIPLE SUGARS”

ﬂ) STARCHES
HIGHLY BRANCHED GLUCOSE CHAINS

§§5{

subunits




O SOCe, O s PP ) ofF
A

" F § Roses
v £ Of
oesss >Glucose
o
%, :
8. 200000000 subunits

v e O
Fo

J)) CELLULOSE  PLANT STARCH

Crosslink

(MOST ABUNDANT
ORGANIC COMPOUND

/ ;_,y” ON EARTH)
& /’f“ Glucose

subunits




Starch Test: Lugol's solution
contains 1odine and is an indicator
for starch.lodine turns blue-black in
presence of starch.



LIPIDS

ORGANIC COMPOUNDS THAT HAVE A
LARGE PROPORTION OF C - H BONDS
AND LESS OXYGEN THAN | irids
CARBOHYDRATES = &

USED FOR LONG-TERNM _ENERGY STORAGE |

INSULATION QAN@ PROTECTIVE COATINGS

MAIN COMPONENT OF MEMBRANES
THAT SURROUND ALL LIVING CELLS




FORMED BY CONDENSATION REACTIONS

O
[
C-C-C-C...
I
HO

GLYCEROL MOLECULE



Saturated

HHHHHHHHH
CCCCCCCCCCH
o}

| HHHHHHHHH
H

O

Unsaturated

HHHHHH
O\\llllllleH
C-C-C-C-C-C-C=gd_ ! |
o L 1 C-
|

H

H HHHH ° CsH
H



Sudan 1V is an indicator of lipids. Lipids turn
from pink to a red colour.



PROTEINS

LARGE, COMPLEX POLYMER COMPOSED
OF CARBON, HYDROGEN, OXYGEN,
NITROGEN, AND SOMETIMES SULFUR

FORMED BY CONDENSATION REACTIONS

CHARACTERISTICS OF PROTEINS:
1) ESSENTIAL TO ALL _LiFe.

2) BUILD STRUCTURE AND CARRY OUT "

CELL METABOLISM




g) " BUILDING BLOCKs " O [l/ANY STRUCTURAL
COMPONENTS OF OREANISIMS

4) IMPORTANT IN MUSCLE CONTRACTIONS

5) [
N T

HE BLOO

PORVANT 0 TRA

DS TREA

NSPORTING OXYGEN

M (( (HEMOGLOBIN) j)

6) PROVIDE _IMMUNITY _(_ANTIBODIES }
7)) @MW @W_ CHEMICAL REACTIONS




AMINO AClDg
THE BASIC BUILDING BLOCKS OF PROTEINS

2)
H Hydrogen Atom
I Yy 9
Carboxyl

Amino group NH,, = (|JCOOH group

R Variable group

THERE ARE APPROXIMATELY 20 DIFFERENT
AMINO ACIDS IN THE HUMEN BODY!



TllE SEQUENCE 0F AMING ACIDS
IN THE PROTEIN RETERMINE
THE FUNCTIORN OF ThE PROTEIRN

SOME AMINO ACIDS ARE ACIDIC

SOlHlE AMING ACIDS ARE BASIC
SOME AMINO ACIDS ARE NOT CHARGED



PEPTTDE BOND

THE COVALENT BOND BETWEEN
TWO AMINO ACIDS WHEN FORMING




Protein test:

Biuret reagent reacts with the
peptide bonds that join amino acids
together, producing colour changes
from blue to pink(+),violet(++),and
purple(+++).The + sign indicates
the relative amounts of peptide
bonds.




Monosaccharides Benedict’s reagent
Starch Lugol’s solution
Lipids Sudan IV indicator

Proteins Biuret reagent




AITES

A PROTEIN THAT CHANGES THE RATE
OF A CHEMICAL REACTION

"BIOLOGICAL CATALYSIS”

ACT AS CATALYSTS TO SPEED UP
CHEMICAL REACTIONS
OCCURING IN THE CELL

INVOLVED [N NEARLY ALL

METABOLIC PROCESSES




l ‘ substrate ‘

Substrate (sucrose)

| i
P /\ enzyme slubstrate
sites !7 ‘ | Comp ex
Enz w N

|
]\
yme

Products

Glucose Fruclose HO
\ X
w & \

Active sites

lenzyme | L—> W/EV
ACTION OF AN ENZYME




ACTION OF ENZYIMES
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CHAPTER 3: CELLSTRUCTURE AND
FUNCTION






Cells take in raw materials, such as amino acids, change them
Into more complex molecules such as protein, and then
transport these molecules where they are needed.




Anatomy of the Animal Cell

MAIN STRUCTURES

Mitochondria

Microfilaments Rough

Lysosome
Peroxisome

Micro — \
ubules g N

Golgi

Endoplasmic
Reticulum

1 /\ Endoplasmic
\ L4/}, Reticulum

Nuclear
Pores

Nucleolus

Nuclear
Envelope

Endoplasmic
Reticulum

Figure 1

Ribosomes

Plasma
Membrane

Peroxisome

Golgi
Apparatus

Anatomy of the Plant C

Figure 1

Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleolus

Nuclear
Envelope



Anatomy of the Animal Cell

Mitochondria

Microfilaments Rough

Endoplasmic
: Reticulum

Endoplasmic
Reticulum

Ea::’lgm:"n"'c Ribosomes Figure 1

Plasma
Membrane

Peroxisome

Golgi
Apparatus

Anatomy of the Plant Cell

~-Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleus

Nucleolus

Nuclear
Envelope

Cell
Wall




Anatomy of the Animal Cell
Mitochondria

Microfilaments Rough

Mg S\ By, roemime ‘CYTOPLASM‘

: Nucleus

@ Nuclear
7 Pores

) Plasma
- =Membrane

Nucleolus
MICro —— . S . ~

ubules g = R e/ - Nuclear

A 4 SN > - Envelope

Bt L
Golgi~ % 7y
Apparatus -,
1"Z

Anatomy of the Plant Cell

Endoplasmic
Reticulum
Ribosomes Figure 1 R P, N R bn, == Cytoplasm
Membrane 5 253 Rough
3 Endoplasmic
Reticulum
: 4 N - Nucleus
: : | ~ Vacuole f @ Nucleol
3. cytoplasm — semi-fluid O < :;ui(l:e::

: : e ’ ; 27 nvelope
located inside the plasma Apparatus [N XS 3 Cell
membrane and containing O SN ) |
the organelles ;

Figure 1



Anatomy of the Animal Cell

Microfil Mitochondria
crofilaments . & Rough
Lysosome_ '\ v ¢ (. Endopla|smlc
AL AL Rg um
Peroxlsomg; \\ L

Anatomy of

Endoplasmic
Reticulum

Endoplasmic

Reticulum Ribosomes Figure 1 l

!
Plasma -Cytoplasm
Membrane ' Rough
2 »! | Endoplasmic
Peroxisome — S8 o) = Reticulum

- Nucleus
— Nucleolus

Nuclear
~ Envelope

\

Golgi
Apparatus




Anatomy of the Plant Cell

gl : =7 =—Nucleolus

Golgi —= N> N s Nuclear

Appargtus « - s 7 Envelope
Cell




Anatomy of the Animal Cell
Mitochondria

Microfilaments
Lysosome
Peroxisome

Endoplasmic
Reticulum

Rough
Endoplasmic
Reticulum

/

Nuclear
Pores

y  Plasma
' = Membrane

Nucleolus

Nuclear
Envelope

Endoplasmic
Reticulum

Figure 1

Plasma
Membrane

6. mitochondria —

“powerhouses of the cell’;
centers for cellular

respiration

Peroxisome

Golgi
Apparatus

IMITOCHONDRIA |

Anatomy of the Plant Cell

Figure 1

Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleus

Nucleolus

Nuclear
Envelope




Anatomy of the Animal Cell

Microfilaments
Lysosome
Peroxisome -\

Centrloles_ _Lj

ubules

g %
N _9
Apparatus /,/55;; “ 3

Cilia _.f’

Smooth
Endoplasmic
Reticulum

Mitochondria

Rough
Endoplasmic
Reﬂculum

Nucleolus

Nuclear
Envelope

\Q Chromatin
¢ \zx\
Rough
Endoplasmic
Reticulum
Ribosomes Figure 1
Plasma
Membrane

Golgi
Apparatus

Anatomy of the Plant Cell

Figure 1

-Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleus

Nucleolus

Nuclear
Envelope




Anatomy of the Animal Cell

Microfil Mitochondria
crofilaments Rough

Lysosome "\, ‘7, . Endoplasmic
Peroxisome \ ,v ‘Reﬂculum

Nuclear
Pores

- Plasma
' = Membrane

= Nucleolus

nvelope

0\

\, Chromatin

Endoplasmic
Reticulum

Endoplasmic )
Reuﬁ.,.um Ribosomes Figure 1

Plasma
Membrane

Peroxisome

Golgi
Apparatus

Anatomy of the Plant Cell

-Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleolus

Nuclear
Envelope

Cell
Wall




Anatomy of the Animal Cell
Mitochondria

Microfilaments
Lysosome
Peroxisome \

\
)
.

Rough
Endoplasmic
Reticulum

Nucleus

% Nuclear
Pg

Nucleolus

~ Nuclear
Envelope

Chromatin

Endoplasmic
Reticulum

Endoplasmic

Reticulum Figure 1

Ribosomes

9. ribosomes — “protein
factories of the cell’;
site for protein synthesis;
found free in the
cytoplasm and attached to
the rough endoplasmic
reticulum

RIBOSOMES

Plasma
Membrane

Peroxisome

Golgi
Apparatus

Anatomy of the Plant C

Figure 1

Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleolus

Nuclear
Envelope




Anatomy of the Animal Cell

Microfil Mitochondria
crofilaments ; Rough

Lysosome '\ /4 s Endoplasmic
Peroxisome - \\ lRetlculum

.‘\.\‘ AL
: » R @”»

= Membrane
Nucleolus

Micro = \ o
. : e — Nuclear

Golgi =~
Apparatus

Endoplasmic
Reticulum

ER&‘}EL‘.:’.‘{‘,“ Ribosomes Figure 1

Plasma
Membrane

Peroxisome

Golgi
Apparatus

Anatomy of the Plant C

~Cytoplasm

Rough
- | Endoplasmic
Reticulum

Nucleus

Nucleolus

Nuclear
Envelope




Anatomy of the Animal Cell
Mitochondria

Microfilaments Rough

Lysosome \ / ‘, Endoplasmic
Peroxisome - N ‘ /) Reticulum

i) ¥
Centrioles p -,- ot ) . Nucleus

“

Nucleolus

~ Nuclear
= Envelope
o

S Chromatin

Rough
Endoplasmic
Reticulum

Eg‘:ﬁg:ﬁiﬂic Ribosomes Figure 1

11.endoplasmic reticulum —
system of channels
connecting the plasma
membrane and nuclear
envelope

ENDOPLASMIC
RETICULUM

|A. rough ER — synthesizes proteins |

| B. smooth ER — syhthesizes lipids |

Plasma
Membrane

Peroxisome

Anat of the Plant C

P
>

Figure 1

Cytoplasm

Rough
Endoplasmic
Reticulum

Nucleus

Nucleolus

Nuclear
Envelope

Cell




9.

. nucleus .

.cellmembrane F
.cytoplasm E

. organelles .

. chloroplasts |

. mitochondria B

. vacuoles .

8.

Golgi apparatus H

ribosomes J

10. lysosomes .

11. endoplasmic reticulum

Match the structures of the cell
with their appropriate functions:

“suicide sacs”
“‘powerhouses”

“control center”

“little organs”

semi-fluid containing organelles
outer membrane

storage depots

“protein packaging factories”
sites of photosynthesis
“protein factories”

system of channels

ARETIETMMUO®D»



Cell Energy (Photosynthesis and Respiration) Notes

Energy:
e Energy for living things comes from food. Originally,
the energy in food comes from the sun.

sun =
ar-> -
water =
soil & re.,
A .Y, (omnivore)
~* consumers consumers
producer (herbivore)

s

79 Qs 1 IA \“.
‘:};f'@ sl gne YARD) l\\_
L% _:r:,.J ._.h 3
(carnivore)

detritivores



CHAPTER 4: CELLS AND ENERGY



e Organisms that use light energy from the sun to
produce food—autotrophs (auto = self)

Ex: plants and some microorganisms (some bacterla
and protists)




e Organisms that CANNOT use the sun’s energy to make
food—heterotrophs

Ex: animals and most microorganisms




Cell Energy:
* Cells usable source of energy is called ATP

* ATP stands for adenosine triphosphate

Adenine Ribose 3 Phosphate groups




 ADP stands for adenosine diphosphate

Adenine Ribose 2 Phosphate groups




e All energy is stored in the bonds of compounds—
breaking the bond releases the energy

e When the cell has energy available it can store this
energy by adding a phosphate group to ADP, producing

ATP

ADP
!
\ /' , o Energy \/\<
E
Adenosine Diphosphate (ADP) + Phosphate —— ' 3s.  Adenosine Triphosphate (ATP)
| |

Partially Fully /

charged charged

battery battery

ADP vs. ATP ATP can be compared to a fully charged battery because both contain stored
energy, whereas ADP resembles a partially charged battery. Predicting What happens when
a phosphate group is rernoved from ATP?



* ATP is converted into ADP by breaking the bond between
the second and third phosphate groups and releasing
energy for cellular processes.

Energy In

( Adenosine ﬁ(r Adenosine o oo
NG ‘/'

Energy Out




Photosynthesis:

e Photosynthesis is the process by which the energy of
sunlight is converted into the energy of glucose

Carbon
Dioxide

Water



e Photosynthesis occurs in the chloroplasts of plants

Leaf cross section

Vein

K8 S EERSERER F

Mesophyll

Chloroplast Mesophyli cell

membrane

Intermembrane
space

Inner
membrane



e Light absorbing compound is a pigment—pigments
absorb some wavelengths of light and reflect others—
the color our eyes see is the color that the pigment
reflects

Light Reflected

v

e —

o P S

Transmitted

light Chloroplast



e General formula for photosynthesis.

carbon dioxide + water + light > glucose + oxygen

6CO, + 6H,0 + light > C.H,,0, + 60,

¢ Oxygen
y ¥ Y9

Carbon
Dioxide

_ \Glucose

Water



Cellular Respiration: (2 kinds—Aerobic and Anaerobic)

e Cellular respiration is the process by which the energy
of glucose is released in the cell to be used for life
processes (movement, breathing, blood circulation,
etc...)

Your body
converts
chemical
energy into
energy for
growth,
warmth,
and
movemeant



e Respiration occurs in ALL cells and can take place
either with or without oxygen present.

Plant Cell Animal Cell

Mitochondria



Aerobic Respiration: requires oxygen

e Occurs in the mitochondria of the cell

e Total of 36 ATP molecules produced

e General formula for aerobic respiration:
C,H,,0, + 60, > 6CO, + 6H,0 + 36 ATP

glucose + oxygen > carbon dioxide + water + energy

Human cells contain a
specialized structure — the A
mitochondrion — that VAT
generates energy.



* Diagram

In Cytoplasm

Electrons carried in NADH

r

>

Mitochondria

Glucose ——» Glycolvsis!

Electrons

carried in

NADH and
FADH,

Transport Chaig




Summary:

3 steps: 1°t glycolysis
2"d Krebs cycle

34 Electron Transport Chain (ETC)
36 ATP |

Bey e O LSS CHE
Lrytoplasm CaHnu

¥
GLYCOLYSIS |—,. #

‘5

- KREBS #
Y OLE |
B H:0




Anaerobic Respiration: occurs when no oxygen is
available to the cell (2 kinds: Alcoholic and Lactic Acid)

e Also called fermentation

* Much less ATP produced than in aerobic respiration

.‘- g

5 Woaad
SOUF DOLUGH ER.EAL
EF.EAD ;

R ke

i, II
umunnm"» -




e Alcoholic fermentation—occurs in bacteria and

yeast

Process used in the baking and brewing
industry—yeast produces CO, gas during
fermentation to make dough rise and give bread
its holes

glucose - > ethyl alcohol + carbon dioxide + 2 ATP




e Lactic acid fermentation—occurs in muscle cells

Lactic acid is produced in the muscles during rapid
exercise when the body cannot supply enough oxygen
to the tissues—causes burning sensation in muscles

glucose > |actic acid + carbon dioxide + 2 ATP

Muscle Cramps




e First step in anaerobic respiration is also glycolysis

Diagram , o
Anaerobic Resplratlon
Cytoplasm
ytop / Alcoholic fermentation
CeH1,06 g Bacteria, Yeast 2 ATP
glucose "| lycolysis —

Lactic acid fermentation
Muscle cells 2 ATP

Aerobic Respiration
36 ATP

(e

Mitochondria




CHAPTER 5: CELL GROWTH AND DIVISION



1. DIFFUSION RATES | . LiMITS CELL SIZE BECAUSE

CELLS REQUIRE A CONSTANT SUPPLY OF

(NUTRIENTS| AND [ OXYGEN |

AND MUST REMOVE [ CARBON DIOXIDE |
AND OTHER WASTES TO REMAIN ALIVE

NUTRIENTS OXYGEN

CARBON
DIOXIDE




3. [ SURFACE AREA -TO - VOLUME RATIO J i}

AS A CELL'S SlzE INCREASES,
ITS VOLUME INCREASES MUCH FASTER
THAN TS SURFACE AREA

SUREACE AREA VOLUMIE
(PLASMA (CYTOPLASHM)

MEMBRANE)




| CELLDIVISION | ([ _MITOSIS )

THE PROCESS BY WHICH CELLS REPRODUCE

| CHROMOSOMES | . pARK-STAINING STRUCTURES
- THAT CONTAIN GENETIC MATERIAL;

ROD-SHAPED, GENE-BEARING STRUCTURES
WHICH FORM DURING CELL DIVISION

Y8 STRUCTURES THROUGH WHICH (_GENES |
ARE TRANSMITTED TO OFFSPRING

CHROMA = "_ COLORED |

SOMA ='_BODY |~




 HOMOLOGOUS CHROMOSOMES |. eHROMOSOMES

THAT ARE IDENTICAL IN FORM
AND LINEAR ARRANGEMENT;
MORPHOLOGICALLY SIMILAR

HOMO =" THE SAME |w

MORPHE =" FORM |~




2. centromere
the point of attachment
of the sister chromatids

centro =" center

mere=" portion = share

v




hair color
red, blonde, black, brown




continued coiling
within supercoll




[__GENE |-/ SEGMENT OF DNA LOGCATED
ON THE CRROMOSOMIE;

THE CARRIERS OF REREDITARY
INFORMATION 1N CELLSS

CODE FOR TUE _ PROTEINS |
THAT CARRY OUT CELLULAR FUNCTIONSS

I7E”[ HEREDITARY UNITS |

GENES =~ BORN J=

PRO="| FIRST |=




__KARYOTYPE | .CHARTED ARRANGEMENT OF THE

CHROMOSOMES POSSESSED BY AN
INDIVIDUAL

HELPFUL IN LOCATING ABNORMALITIES
IN HUMAN CHROMOSOME NUMBERS



Chromosomes in normal humans:

auftesones (bocy cell chremosemes) = |22 pairs or 4]

sex chromosomes = -

‘X and X sex chromosomes = female ‘

‘X and Y sex chromosomes = male ‘

total number of chromosomes = |



1. EEPARENTCEEENN - A MATURE CELL THA'{S

UNDERGONE GROWTH AND IS READY
TO DIVIDE

H= ] =

PRECEEDED BY EREPEICATIONY OF THE
DNA SO THAT EACH RESULTING
CELL WILL HAVE IDENTICAL GENETIC
MATERIALS




Cell Cyele




General periods of the cell cycle:

Interphase




A. mitosis = division of the nucleus ‘




Characteristics of Interphase:

‘ 1. the busiest phase of the cell cycle ‘










The phases of mitosis:
s pProphase

Bro =@ first




2. Metaphase

m@ﬁ@ = @ middle @




C. anaphase

@m@ = o up 0y



D). telophase




‘division of the cytoplasm ‘




Differences between cytokinesis
in plant and animal cells:

. animal cells — cytokinesis begins during early anaphase
when the plasma membrane begins pinching in from the
outside to the inside to form the cleavage furrow until
the cell divides into two identical daughter cells

. plant cells — vesicles formed by the Golgi apparatus fuse

at the equator of the cell forming the cell plate which grows
from the inside to the outside until the cell divides into two
Identical daughter cells; the cell plate forms into the cell

wall




Main phases of mitosis:
karyokinesis

m W0 L
karyo="_ kernel . nucleus

kinesig =" motion ¥

cyokinesis

cyto = [ Ce” ]




Results of mitosis:

1. guarantees the continuity of life, resulting in the production
of two new cells with chromosome sets that are identical to

those of the parent cell

3. multicellular organisms result in cell growth and
reproduction which provides new tissues, organs, and
organ systems




Cancer

a malignant growth resulting from uncontrolled cell division

"a mistake in the cell cycle”




Cancer Prevention:

HEALTHY LIFESTYLE!! ‘

1. no cigarette smoking

2. low fat diet

3. high fiber in diet




CHAPTER 6:
MEIOSIS AND
MENDEL



BENE

the segment on a chromosome
that controls a particular
trait




Types of chromosome numbers:

1, _diplold (21) - a cell with
Wo oF each kine of chromeseme

2- hapIOid - (1_n) - a cell containing
one of each kind of chromosome




homologous chromosomes
the tWo cliromesemes or @ach

palr In @ ciplole ce

Il




Examples of chromosome numbers:
Sxamples Diplole me [[Waploie &

1. fruit fly 8 4




9. Adder’s tongue fern 1260 630

of chromosomes and the
complexity of an organism:

there is no relationship



melosis
“reduction division”

the process off _nuclear
clivisiom tlhhat
recluces tlhne mumlo@r ©fF
clhhrommosomes Freoln e

_diploid mumber to the

haploid mnumber

occurs only in the gameies
(egg anc sperm cells)




Phases of meiosis:

g, Meiosis | . grce aivision in which
the homologous ChromoesSomes
are separatec into separate cells




2,MMeoss |l- second division in which
the chromatids of each chromosome
are segregated into separate cells,

resulting in daughter cells with one-half
the number of chromosomes of the
parent cell

results in feur haplold daughter
cells which cdevelop into
@g)g amnc sperm cells



lertlizaten

the process that restores the diploid




Events of
1. Prophase |

melosis |

A. the DNA of the chromosomes
coils up and a spindle forms

B a8 e DRNA coll
clAremosemes line u

s, homologeus

o With each otlher

gene by gene, along thelr lengl,

to {form a four part

2 teurae.

strucuure called




(each tetrac consists o tWo
Homelegous chromesemes, @ach
aee up of two sister
chromatics)

tetra =" jou™

Homologous chromosomes become paired.
Crossing-over occurs between homologous
chromosomes.




G, Crossing - over may occur between
the tightly paireed chromatics of the
tetrac

Human crossing over averages 3 to 4 crossovers for
each pair of homologous chromosomes.



2. Metaphase I:

£, the centromere of each chromeoseme
Decomes attached to a spincle fiber

Homologous pairs become
aligned in the center of the cell.



3. Anaphase [

A. homologous chromosomes, each with
two chromatids separate and move
to opposite poles of the cell

Homologous chromosomes
separate



4. Telophase I:

A the spihcle brealks cewn, the
chiromosomes uncell; ane e
cytoplasm civicdes Inte two new cells

m This stage is absent in some species

H H




B. each cell has half the genetic
information of the original cell
because it has only one chromosome

from each homologous pair

Interkinesis

Interkinesis is similar to interphase except DNA
synthesis does not occur.



http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio 101/Bio 101 Lectures/Mitosis/mitosis.htm#Interphase

=venis of melosis [

The newly formed cells in some organisms undergo a short
resting stage (interkinesis}; in other
organisms, the cells go from late
anaphase of meiosis | directly to

meiosis Il
The secone division n melosis is simply
2 mitotlie civision of
the proeucts of melosts L.




1. Prophase II:

A @ spindle terms h each oy
e twoe new cells ane dhe
@g@ﬁ@@]ﬂ@ fibers attach to the

Nromosomes




2. Metaphase II:
A the chromosomes; still composed
ol sister chromatics, are pullec
to the equator of the cell ana
[ine up rancemly at the equater



3. Anaphase II:

AMthelce
clhre
allowing)

Nreomeres o @ach
mosome splits;

e sister chromacics

0 Separaie anec moeve o
opposite poles



4. Telophase Il:

A, huclel revorm, the spincles breals
clowmn, anel the cyteplasm civices

Y
NWANDY

B. at the end of meiosis I,
four haploid cells have been
formed from one diploid cell







Results of mitosis:
procuces lcentical davghter

cells o the
parent ce

Il

Results of meiosis:

PECaAUSE OF Crossl
¢ results In ha

N

@ OVEr;

R

loe]

daughter cells with variations






GENETICS
the branch of biology that studies heredity

genes = ©_born =

HEREDITY

he passing oh of characieristics
(FOIM Parents te orspring




tralt that always produces offsprl g

¢« Wh the same tra as It parent s

‘(true breeding) ‘

(homozygous)



HYBRID

riSpring o panents {at have
_ aliierent yorms of @ walt

s

- (heterozygous)




POLLINATION

the transfer of pollen from the
anthers of the male part of the
plant to the stigma of the female part of the
plant

process I wiilen the male gamete
Unites with the lemale gamele

(equivalent to fertilization in animals)



ZYGOTE

iertilizec egg cell
wihieh then developes
Into a seec




flower

reproductive structure in plants;
both male and female
reproductive organs are
located in the same flower

Filament

Figure 19. Complete flower structure



TYPES OF POLLINAIION 1 PLANTS:
1 self-pollination -

a reproductive process in which




1™ =
Lo e— male sex structures
: (] (stamen)

fermale sex structure

produce pollen grains that contain sperm



o ovules | stigmatips

located in the ovary and produce eggs

T =
Lo e— male sex structures
' : ! (stamen)

fernale sex structure
(pistil]




L1 -:- o H . =T e
| o e— male sex structures O SSUli e male sex structures
' : [stamen) T : (1 (stamen)

fermale sex structure i . . fernale sex structure
(pistil) B (pistil)

the transfer of pollen from the
anthers of one plant pure for
one trait to the stigma of another
plant pure for the contrasting
trait




GENERATIONS OF CROSSES:

Vs . - the parental generation
or the eriginal cross
P 8 paremt




2 l - {iirst iflial generation;
the enispring resuliting \rem a cress belween
ihe parental generation

F
3. _2 -second filial generation:

the offspring resulting from a cross between
the first filial generation

|F=FILIAL |




™,  TYPES OF TRAITS: .
.;. ﬂ dominant trait .

@h@ i @[@[@@@[ﬁ@@ﬂ i e generaon:

trait that always shows ups

represeniad by a eapital letter



9 recessivetrait |

the trait that appeared to be lost in the F 1
generation but that showed back up
in the F 2 generation

ne ipalt et may [be masiied or covered

up by e dom

<<=

At tral:

represented by a small letter in genetics



RULE OF UNIT FACTORS

staties (el eaeh twaft is governed
oy fwo gemes (alleles) locate

on ©

il

FOMOSemes

LLELES

alfternaling Vorms iior & gene iior
eaelh varlation of a (ralt of an

erganism



allelon = "of each other”




MENDEL'S LAWS OF GENETICS:

1. Law of cdominance aned recessiveness =

states that one factor in a pair may mask
the other factor or prevent it
from showing up
(dominant trait); the other factor
in a pair may be masked or
prevented from showing up
(recessive trait



2. Law of Segregation

stales el every mavidal s (o alleles vor
8461 Geme ad e Gamenss ar
AroGiNcet, each famele receives are of these alleles

o B
(meiosis) .




Law o Independent Asseriment

states that genes for different traits
are inherited independently of each other

Mendel’s factors =

"genes or alleles™



Alleles
assort
Independently




TYPES OF GENETIC MAREUPS IN ORGANISMNS:

1, _9ENOWPE . ¢he actual genetic makeup
of an erganismg uses _ letters
to represemnt traits

genea = "breed; kind"

KEY: POSSIBLE GENOTYPES:

T 2 TALL 1. TT 3. tt

¢ 8 SRORTT -




7, phenotype < gl appearance
of the organism

pheno = "visible”

WEY: POSSIELE PRENOTYRESS
T 8 TALL _
(8 SR 2. Tt=tall



TYPES OF ALLELE PAIRS:

1, _homozygous . yien fatth allieles of a palr
are {lhe same (pure)

10Mme B "same”

POSSIBLE GENOTYPES AND
KEY: PHENOTYPES:

Lol L TT=homozygoustall
5 tt= homozygous short



2- _ - when both alleles of a pair

are different (hybrid)

hetero = "different”

KEYE POOSIELE GENOTYPLES AND PENOTYPleS:

T = TALL 1. Tt = heterozygous tall
t 8 SNORT



P

ES OF €

2

=116 GROSS

59

1.[1ONONYIIE CTOSS - cross between

individuals that involves one
pair of contrasting traits;
results in four offspring

MONe 8 "one”



9, dihyrid Cross . eross heeen two individuals
Wil kvolves e pairs 6f contrasting
s

0

resulks (R Sitieen orispring

di = "two"



3, (TIAYOrIc CrOSS - eross between two

individuals that invelves three pairs
of contrasting traits;
results in sixty-four offspring

w8 Tuaree”



PUNNETT SQUARE

chart usecd o predict probalbilites

Errrrm ==~

male
gametes

i




CHAPTER 8: DNA
TO PROTEINS



NUCLEIC ACIDS

Are cemplex macromolecules that store
Imormatien i cells In coced torm:




g NUCLEOTIDIES: g

the monomers of
nucleilc acids

Gaution: Are made up of three components (parts)




Components of hucleotides:
Part 1. five carbon sugar

Nucleus =~ & » & N
AN | romaosomes
b I8

4 Separating
}M strands of

Thymine § _#

P

& Hydrogen
o Carbon

o Oyoen

Phosphate 4 =

A single nucleotide




Review: the three parts that makeup a nucleofide

ot



Tymes of nuclelc acids:| 26 u$H

A. DNA (deoxyribonucleic acid)
1 e e, e el ]

0 el e, o sng e podheo o pre

It forms the genetic code e
IS passes to oiispring




Nuecleile lcicl 22228
[RINIZA\ (Filvcomuelele axcicl))

Function: It's RNA which synthesizes(makes)
Proteins (Where?

Cytosing .: i C:,ftGGII'IE
w (5 —

H <
oy

e Mitrogenous % —
- Bases g
v

ugal
hosphats
ackbone

Thymine

o
HaC\C/C%N/H
]

H” "“-N’CQ'G
|

H

Nitrogenous 3 5 3 ; : 5 Nitrogenous
Bases Ribonucleic acid Deoxyribonucleic acid Bases




Tvpes o sugars i nuclelc acids:
1, dearyribose- five-carbon (P2N10SE)

sugar in DNA

2. [DOSE . five-carbon (pentese )
sugar in RNA




Primary functions of DNA:

1. to copy itself exactly for new cells
that are created

2. o store ane use Inrormalkion o
clirect the acuvitles of the cell



Basic strueture e D
1, strands ( chains or uprights) -

composec of alternating sugar
ane phosphate groups




2, TUNGS ( steps) . composed

o a palr of Nitrogenous hases
connected by wealk hycrogen

hendsk
Dases are aittached 1o e

sugars or the strancs
—~—
[S ] & s e < |

! !
A




The general shape or

the DA molecule Is

= _double stranded
splralled helix .

Rl



Types oif Niregen bases in nuclele acis:

A. pUrines - erganic melecules in the
jorm of a couble ring o\
carvon anc hitrogen atems

1) adenine A

Z2) _guanine




3, pryimidines - organic molecules in
the form of a single ring of carven
anel nItrogen awems

1) thymine T

2) cytosine @

3) uracll U




Complementary base pairings in DA

thymine == adenine A == T
(forms twe wealk hydrogen bones)

cytosine == guanine (==(
(forms three wealk hyecregen bones)



complementary strands

the sequential arrangement of nitrogen
bases along one strand s the
@xact complement of the sequential
arrangement ot bhases on the
acjlacent stramna

EHLEIE BEE BEE EEE
[21 0] [S10-1 0 S E] = EE



Al erganisms have the same four
nucloetice bases in thelr DRIA
adenine ., thymine _ cytosine . =nd
guanine but the secuence of
nucleoticle bases forms the unicue

genetic informeation e an
OrgamnisShia




DNA Replication

the process occurs in the nuclues, in wiich a DINA
melecule is euplicated,
enabling the DNA to pass on an
identical copy et itsel:

Resuls: tngenetic code
Is passed te the daughter eells during

mitosis

(cell reprocuction




errers are correctea vy
repair enzymes

In replications

, DNA makes DNA




template

g pattern or mold established vy
@ach strane or the DRIA
molecule vor replication

copied template



SRZymes usee In nuclele acles:
Ue DNA hellcase - enzyme wihich brealks

the wealk Averogen bonds between
the twoe stranes off the DRNA
molecule so dhat replication can occur

DNA Replication Prior to Cell Division

Complementary New Strand !




2,RNA polymerase. enzyme used when
DNA makes a molecule oF [RINA

newly synthesized RN& polymerase
RNA transcript '

.~-.._,__rib0nucleoside
5'/” T = _ T .7 triphosphates

3|

. ~ » y' =)
DN& double /
helix //

DNA rewinding
site |
short region of
DNA/RNA helix

unwinding
site

»-
direction of transcription




Transcription: occurs in the nucleus
the process m wiich DA
melies a melecule off RINA,

Winy? ver use in protein synthesis;
RNA Is a single strancec

molecule of RINA
{00E EEE EEE DEE

DEE D0EDEE BEE }
ETTRETEER




In transcription:

DNA males RNA
R CRE FAEE BEE EE
EOE DEE EEE OEN

3 Types o RINAS t

1, messenger RNA (M RNA ) - the types of RNA

dnat carries Inermacion from DRNA
n e nucleus out 1o the rivosSomes




" protein factories 7 <= cell™)

In the eytoplasm to start
manuiacturing a protein

mRNA structure in "linear form”

2, Nibosomal RNA ¥ RNA) . ihe type of RNA

located In Mesomes thal
nelps to procuce enzymes
neecec to bond amine acids
together during protein syntiesis

MRNA structure in "globular form"




large subunit ©

——

3, transfer RNA ((t RHA ) = the type of RNA
wihich picks up speciiic amine
aclds In the eytoplasi amnc
orings Whem to the m RNA located
on the surace o the rivosomes




amino acid
attached here

E‘tnd(:}

nuclaotides

anticodon
loop

anticadan

anticodon




Overall Summary
M @@@@E@ ishes a template tor tl{ne

RNA establishes a {E@M[@H@{E@ or

the speciic_amino.acids
ammgﬂ establishes a

template rfor the formatiom

@ ]
= _protein




theretore, DNA cstablishes =
template tor the rermation

off a protein

Basic dinferences belwean DINA anel RINA:

1. DA has one less OXYAeN han RINA
2. DNA has the sugardeoxyribose

RNVA has the sugar rbose




3. DNA is 2 double stranded molecule

RNA Is a _single stranded molecule

4, DNA has the base thymine

RNA has the base  Uracll

5. DNA is made by the process of replication

RNA fs made by the process of transcription




GE

DN/ s ©fF One TV [DE

RNA fs ofF  three Gty pmes

RINA H@@y@@ e nucleus anel ravels
to the TMDOSOMES in the eytoplasm

_q__messenger =nvusa.

RINIAY)

7. BDNA remalns in the NUCIOUS




Translation: occurs in the ribosomes

Intermation |

the process ol converting the

N 8 SeqUeRce

o Ritroge

M 928es In

messenger RNA nte a
secuehce of amine aclds
inat malie up a proteln




In translation:

DNA malkes protein

protein synthesis
he formation or proteins using
Information cocec on DA anel
carriec out by RN

[@W@ = W fiI'St 00




codon

2 group or three sequential
ases ol messenger RINAS
e@ach codes vor a specliiic

2mine aclel

64 possible codens

code="0N "

——



First Position
(57

U

Codon Chart

Second Position

C

A

G

Phenylalanine
Phenylalanine
Leucine
Leucine

Serine
Serine
Serine
Serine

Tyrosine
Tyrosine
Stop
Stop

Cysteine
Cysteine
Stop
Tryptophan

Leucine
Leucine
Leucine
Leucine

Proline
FProline
Proline
Proline

Histidine
Histidine
Glutamine
Glutamine

Arginine
Arginine
Arginine
Arginine

|soleucine
|soleucine
|soleucine
Methionine

Threonine
Threonine
Threonine
Threonine

Asparagine
Asparagine
Lysine
Lysine

Serine
Serine
Arginine
Argining

Valine
Valine
Valine
Valine

Alanine
Alanine
Alanine
Alanine

Aspartic acid
Aspartic acid
Glutamic acid
Glutamic acid

Glycine
Glycine
Glycine
Glycine

“AGAUCGAGU?* — * ACAUCGAGU*®

= T s T =T I

0y 2 O O 2 C0 O

Third Position
(3)




Speclal codons reculreed {for
proteln synthesiss

1, ~start - codon ( Initiation or
_initiator coden) -
Incicates where a ribeseme
will start reacing a
messenger [RINAS
where the protein bhegins

methionine - start codon -AUG




2 DDStop " cocomn | fIONnSense coclomn) =

helicates where a rilvoseme
will step reacding a messenger
RNA melecules
where the proteln stops

A. UGA

B, UAY

C. UAG



anticodon

he three sequential bases
on a region or the transier
RNA complementary to the
COCIONS N MEessSenger RINA

== DH 3'end

anti 2 opposite ”




The sequence o amine aclids
N & proveln cdetermines whe

characteristics of that pretein.

Computer scientist
Soren Istrall

A = 2, -
W iy ': .'n ; ft . — r
e N e - o T gl
R0 "' '\ﬁ'/ PN
__:i"" .} = ) s Faw L0 f lﬁ iy

/ 7 xu}( T
‘v~z




protein
an organic Compoumnel

COMPOSEE
of tWo or more chalns 6f

poelypeptices, Wihich In TUrm;
are tormeed from amine aclids

polypeptide

2 long chaln of aminoe acids,

noolked together

9V peptice bones



poly & "Many "

peptide bond

type of bone wiiich forms
vetween amino acies

u
90

B

i

e

il

2 proteln: cova
¢ between a nit

lent

rogEn

2MeE 8 Carven atom



2 segment of DNA located omn
g ChromosSeMme;
directs the protein
procuction that controls
the cell activities;

“hereditary units







NMutations

Two types of mutations (Chromosomal/Gene Mutations:

A. Division often occurs during cell division.



B. Can change the structure of the chromosome.

C. Cause loss of an entire chromosome.

Types of chromosomal mutations:

1) deletion — results when a piece of a
chromosome breaks off




2) Inversion — results when a piece of a
chromosome breaks off and reattaches itself
IN reverse order

ABCDEFGH ADCBE FGH
7 5 G R, R

Inversion




3) translocation — results when a broken piece
attaches itself to a nonhomologous
chromosome

ABCDE FGH WXABCDE FGH

W XY 7 [Translocation] Y  Z



4) nondisjunction — results when a replicated
chromosome fails to separate during cell
division

2 chromosomes 2 chromosomes 0 chromosomes



2. gene mutations - mutation that may involve

a single nitrogen base or large segments of
DNA depending on the type of mutation

Types of gene mutations:

1) point mutation - mutation in a DNA
sequence; occurs from a change in a single
base palr



L ARAR, AR A0 R RS

EAAE RA. Eu M

a substitution of a single nitrogen base



Point Mutation

DNA — mMRNA —— Nucleic Acid

Normal

C -G

T - A Glutamic Acid
T - A
Substitution

C -G

A - U Valine

T - A

Base substitution:



2) frameshift mutation - mutation that occurs
when a single base iIs added or deleted from
DNA; causes a shift in the reading of codons
by one base

Deletion of U

A BA AE EE E E AA

the addition or deletion of one or more nitrogen bases




g —
Normal

O—=1000>

- NONON Y

.

Tryptophane

Glutamic Acid

Frame shift: (deletion of a nitrogen base)

O—14000>

O>>TOOO

Glycine



NEryeTypIng

Technique used to diagnose genetic disorders

Used to learn more about chromosome shape,
structure, and size.




A chart used to show how a trait and the genes that
control it are inherited within a family.

Involves interviews with family members and
friends of the family to collect information about
the family’s genetic history and traits.

female male
O Ommd | ITO

bR u%ﬁ 00




