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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

1 Water and the molecules of life —
Part

Name: - Class: —— Date:

Vocabulary fajjL

Write each word three times. & BIRTPE =,

English =2 Write it 3 times (English)
polar et

hydrogen bonds &%
Carbon ik

macromolecules KA1

polymers a5
monomers FALR
dehydration syn- Hi7K46 6
thesis

hydrolysis TR fiff

Carbohydrates Tk 7K AL A
7

cellulose YE R

Lipids NE i

hydrophobic Bk
Recall

You already know some biology chemistry:

o Living things are built mostly from a few elements —carbon, hydrogen, oxygen, nitro-
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gen.
o Water is everywhere in life, inside and around cells.
e You have met carbohydrates, fats, and proteins as the main food molecules.

This sheet lines up why these molecules matter. Each idea has a short worked example.

New ideas

B ] Water is special

Water is polar #¢4: its oxygen pulls electrons a little more than its hydrogens, so
one end is slightly negative and the other slightly positive. This lets water molecules
form hydrogen bonds &4t with each other.

H H
R
6~
. hydrogen bond

These bonds give water its life-supporting properties: it sticks together, dissolves
many substances, and resists temperature change.

B 2 Carbon builds life

Carbon ff can form four bonds, so it builds long chains and rings —the skeletons of
all biological molecules.

B 3 Building and breaking big molecules

Large molecules (macromolecules K43¥) are polymers &4 built from repeat-
ing units called monomers k. Cells join monomers by dehydration synthesis
7K 46 & (removing water) and break them by hydrolysis 7Kfi## (adding water).
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dehydration
synthesis

—

hydrolysis .@

B 4 Carbohydrates and lipids

« Carbohydrates k7KL &%) (sugars) store energy and give structure (like cellu-
lose £F4E 2 in plants).

« Lipids 55t (fats) are hydrophobic §#i7K (they do not mix with water); they
store energy and build cell membranes.

Watch out: all of water’s helpful properties —sticking together, dissolving things, re-
sisting temperature change —come from the hydrogen bonds between its molecules.

Practice
Try these in order. The methods are all above.

2.1 Explain why a water molecule is described as polar. 2]

2.2 State why carbon is able to build such a wide variety of large molecules. 2]

2.3 Name the process that (a) joins monomers into a polymer, (b) breaks a polymer
apart. 2]

2.4 Give one function of carbohydrates and one function of lipids in living things. 2]
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2.5 State what "hydrophobic” means and give one example of a hydrophobic molecule.|2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

1 Proteins and nucleic acids — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
Proteins E4=0i)
amino acids AR

peptide bonds JiA

denature AR

Nucleic acids A

nucleotides %R
Recall

In Part A you met the idea that big biological molecules are polymers of small units.
Two of them run all of life:

« Proteins do most of the work in cells (enzymes, muscle, structure).
o« DNA carries the genetic instructions.

Each idea has a short worked example before the Practice.
New ideas

B ] Proteins

Proteins & it are long chains of amino acids Z &8 joined by peptide bonds
Jik§&. There are 20 different amino acids, so a huge variety of proteins is possible.
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an amino acid
H

amino group carboxyl group

HaN COOH

R
side chain (R group)

CO—NH

peptide bond

condensation removes one water for each peptide bond

B 2 Shape decides function

A protein chain folds into a specific 3-D shape, and its shape decides its job —as
an enzyme, a transporter, or a structural part.

— &% () &8

primary (1°) secondary (2°) tertiary (3°) quaternary (4°)
order of a-helix & [-sheet folded into a two or more
amino acids (hydrogen bonds) precise 3-D shape chains together

Heat or a change in pH can denature ZF{# a protein —unfold it —which stops it
working.

B 3 Nucleic acids

Nucleic acids #ZJig (DNA and RNA) store and carry genetic information. They are
built from units called nucleotides % i®, each a sugar, a phosphate, and a base.

B 4 DNA base pairing

DNA is two strands held together by pairing of the bases: A pairs with T, and C
pairs with G.
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Q
G|
Q
G (C]
Al
3 5

A-T, G-C (antiparallel strands)

pH is dangerous for enzymes.

Practice
Try these in order. The methods are all above.

2.1 State the small units that make up a protein, and the bond that joins them.

2.2 Explain why a protein’s shape is so important.

2.3 State what "denature” means and give one thing that can cause it.

2.4 Name the two nucleic acids and state what they do.
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tures (unfolds) it, the protein stops working —which is why high fever or the wrong
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2.5 In DNA, state which base pairs with (a) A, (b) C.
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

2 Cells and their membranes — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
organelles iR
nucleus Y A%
mitochondria S AL
chloroplasts INESIVN

surface-area-to- 2% AL E

volume ratio HEEE

phospholipid 1 hg XL 43

bilayer T2

fluid mosaic model ¥ 5l 2 B¢
A

selectively perme- 1% # % i

able I

Recall

You already know that cells are the building blocks of life:

e You have seen animal and plant cells and named their parts.

o A nucleus holds the DNA; mitochondria release energy; plant cells have chloro-
plasts.

e A membrane surrounds every cell.

This sheet lines up cell structure for AP. Each idea has a short worked example.

New ideas
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B ] Organelles
A cell divides its work among organelles Zf fffl#3:

Animal cell

cell membrane
nucleus

cytoplasm

) mitochondria
ribosomes

« the nucleus #iffi#% holds the DNA,
« mitochondria ZEf A carry out respiration (release energy),
« chloroplasts H-ZgfA carry out photosynthesis (in plants).

B 2 Why cells stay small

As a cell grows, its volume rises faster than its surface area, so its surface-area-to-

volume ratio FHFH5AFHEL falls. A small cell has enough surface to exchange
materials fast enough for its inside.

side L =1 side L =2 side L =3
SA:V=6:1 SA:V=3:1 SA:V=2:1

a bigger cube (or cell) has a smaller surface area: volume ratio

B 3 The cell membrane

The membrane is a phospholipid bilayer #l§ X/ Z—a double sheet with water-
loving heads outside and water-hating tails inside —studded with proteins. This fluid

mosaic model i ZhEE#R 5% pictures it as a fluid sheet in which the parts drift.
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outside the cell

phospholipid

nuy
[ 1]

goes in and out.

interior fast enough.

Practice

B 4 A selective barrier

channel
protein

cholesterol

I |
| |

inside the cell (cytoplasm)

|
|

—

carrier
protein

Try these in order. The methods are all above.

2.1 State the job of (a) the nucleus, (b) the mitochondria.

2.2 Explain why cells stay small, using the surface-area-to-volume ratio.

2.3 Name the type of molecule that makes up most of the cell membrane.

2.4 State what "selectively permeable” means.

AP Biology ¢ Holiday Homework

glycoprotein

I
gy

1

2 Cells and their membranes — Part 1

©

glycolipid

The membrane is selectively permeable 4% 15 #4:: small non-polar molecules
pass easily, but large or charged particles need help. This lets the cell control what

Watch out: a bigger cell is worse at exchange, not better —its volume grows faster
than its surface, so the surface-area-to-volume ratio drops and it cannot supply its



2.5 Name one organelle found in a plant cell but not an animal cell, and state its job.[2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

2 Moving substances across the mem-
brane — Part 2

Name: - Class: —— Date:

Vocabulary fajjL

Write each word three times. FEAFBEF0E =k .

English 3 Write it 3 times (English)
Diffusion e
Osmosis Bi5
tonicity 5K 17

—I. >

Active transport  F i

endocytosis Sk
exocytosis AHE
Recall

In Part A you met the selectively permeable cell membrane. Now see how things cross
it:

» You have watched a drop of dye spread through water (diffusion).
e You know water moves in and out of cells (osmosis).
e Some things need energy to move; others move on their own.

Each idea has a short worked example before the Practice.
New ideas

B ] Diffusion

Diffusion §#{ is the spreading of particles from where they are crowded (high con-
centration) to where they are spread out (low concentration). It needs no energy.
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higher concentration cell membrane lower concentration

) |
@ ® ! @
~ ®e o — o
® : @)
@ o
® _ >
® O ! O
., ®
O O .
@ e ) l ®

net movement of particles down the concentration gradient

B 2 Osmosis and tonicity

Osmosis %1% is the diffusion of water across a membrane. Comparing the solution’s
strength (tonicity 5K Jj): in a weaker (hypotonic) solution a cell gains water; in a
stronger (hypertonic) one it loses water.

higher water potential lower water potential
(water enters) (water leaves)
plant cell Q
turgid plasmolysed:

contents pull away

animal cell Q

swells, shrinks
may burst

B 3 Active transport

Active transport 31z % moves particles the "wrong” way —from low to high
concentration —so it needs energy (ATP) and a carrier protein.
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lower | | higher

concentration energy c@)centration
resplratlon ®

@
@
e e
® @

carrier proteln

particles moved against the gradient, using energy

B 4 Moving big things

Very large items cross in bulk: endocytosis 75 brings material in (the membrane
wraps around it), and exocytosis #MiE sends material out.

Watch out: diffusion and osmosis need no energy (particles move down their gradi-
ent on their own); active transport needs energy because it pushes particles against
the gradient.

Practice

Try these in order. The methods are all above.

2.1 State the direction (high to low, or low to high) that particles move during diffusion.|1]

2.2 Explain what osmosis is. 2]

2.3 A cell is placed in a very strong (hypertonic) sugar solution. State what happens to
it and why:. 2]

2.4 State the two things active transport needs that diffusion does not. 2]
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2.5 Name the process that a cell uses to take in a large particle from outside.
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

3 Enzymes — Part 1

Name: - Class: — Date:

Vocabulary aJL.

Write each word three times. &R BAEPE =1,

English E:3'd Write it 3 times (English)
enzyme it
catalyst il

lowering the acti- }EfLEE
vation energy

active site {ﬁﬁﬁlj—i

substrate W)

denatures AR

inhibitor 8] 551
Recall

You already know that living things use enzymes:

o Enzymes speed up the reactions in your body, like digesting food.
o They work best at a certain temperature (about body temperature) and pH.
o Too much heat 7kills” an enzyme.

This sheet makes enzyme action exact. Each idea has a short worked example.
New ideas
B 1 Enzymes lower the barrier

An enzyme fif} is a protein catalyst f£{¢7]: it speeds up a reaction by lowering
the activation energy J5{LAE, and is not used up.
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energy
A
—— without enzyme

—— with enzyme (lower E4)

C A G TS e Y T T T T e

reaction progress

B 2 The active site

Each enzyme has an active site jG{#£{7 ;5 shaped to fit one particular substrate Jig
j-like a lock and key. This makes each enzyme highly specific to its reaction.

B 3 Temperature and pH

Each enzyme has an optimum temperature and pH where it works fastest. Beyond
that, the protein denatures Z5E (loses its shape) and stops working.
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optimum
temperature

enzyme denatures:
active site loses shape

rate of reaction

0 10 20 30 40 50 60
temperature/ °C

B 4 Inhibitors

An inhibitor #Ji{l5f] slows an enzyme down —by blocking the active site, or by
changing the enzyme’s shape.

Watch out: raising the temperature speeds an enzyme up only up to its optimum.
Past that, the heat denatures the enzyme and the rate drops —unlike an ordinary
reaction, which just keeps speeding up.

Practice

Try these in order. The methods are all above.

2.1 State how an enzyme speeds up a reaction. 2]

2.2 Explain why each enzyme only works on one particular substrate. 2]

2.3 State what happens to an enzyme when it is heated well above its optimum temper-
ature. 2]
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2.4 Sketch in words how the rate of an enzyme reaction changes as temperature rises
from cold to very hot. 2]

2.5 State what an enzyme inhibitor does. 1]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

3 ATP, photosynthesis, and respira-
tion — Part 2

Name: - Class: — Date:

Vocabulary a8

Write each word three times. & EIRTIE =i,

English E:h'a Write it 3 times (English)
Photosynthesis YE1EH

Cellular  respira- 4 Jfg " E0

tion

Recall

You already know the two great energy processes of life:

o Plants make food from sunlight —photosynthesis.
o All living things release energy from food —respiration.
e Your cells need a constant supply of energy to work.

This sheet lines up how cells store and release energy. Each idea has a short worked
example.

New ideas

B 1 ATP —the energy currency

ATP is the molecule cells use to carry energy. Breaking off one of its phosphate
groups (ATP — ADP) releases energy to power the cell’s work; adding it back
stores energy.
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energy from respiration
(phosphorylation)

ATP

energy released for the cell
(active transport, movement, building)

B 2 Photosynthesis

Photosynthesis Y& 1E ] captures light energy to build glucose from carbon dioxide
and water, releasing oxygen:

CO4 + water Jght, glucose + Os.

0y COq

N\ /

ATP + reduced NADP

light + water
light-dependent stage Calvin cycle
(in the thylakoids) (in the stroma)

sugars

ADP + NADP

B 3 Cellular respiration

Cellular respiration ZHffi i releases the energy stored in glucose to make ATP,
usually using oxygen:

glucose + Oy — CO5 + water + ATP.

COs3 out
CO; out 2z ou
; link Krebs
glucose —> glycolysis pyruvate )
reaction cycle
cytoplasm matrix matrix
reduced
NAD, FAD
v

oxidative
lots of ATP + H,O

phosphorylation

inner membrane (cristae)
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B 4 Two sides of one coin

reactants of the other. Plants do both; animals only respire.

Practice

Try these in order. The methods are all above.

2.1 State what happens to energy when ATP is broken down into ADP.

2.2 Write, in words, the overall equation for photosynthesis.

2.3 Write, in words, the overall equation for aerobic respiration.

2.4 State one way photosynthesis and respiration are opposite processes.

2.5 State which of the two processes an animal cell can carry out.

AP Biology ¢ Holiday Homework —3 ATP, photosynthesis, and respiration — Part 2

O

Photosynthesis and respiration are complementary: the products of one are the

Watch out: photosynthesis stores energy (building glucose) while respiration releases
it (breaking glucose down). They are opposite processes, not the same thing run twice.






AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

4 Cell communication and feedback —
Part

Name: — Class: — Date:

Vocabulary a]jT

Write each word three times. P& BAIRITYE = .

English H3C Write it 3 times (English)
signals 55
ligand [ITRREN
receptor AR
hormones N

Signal  transduc- {555
tion

Negative feedback 171 5 fiit

homeostasis faix

Positive feedback  IF 2/

Recall
You already know that the body’s cells work together:

e Hormones carry chemical messages through the blood.
e Your body keeps a steady temperature and blood sugar.
o Nerves and chemicals let cells "talk” to one another.

This sheet lines up how cells communicate. Each idea has a short worked example.

New ideas

AP Biology ¢ Holiday Homework —4 Cell communication and feedback — Part 1
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B 1 Cell signals

Cells send chemical signals {55 to each other. A signalling cell releases a ligand Jif!
& (a signal molecule), which binds to a matching receptor 3Z2{4& on the target cell.

carried (e.g. in blood)

signalling

cell

receptor

Long-distance signals are hormones %, carried in the blood.

B 2 Signal transduction

Signal transduction {55 %% 5 turns an outside signal into a response, in three
steps: reception (ligand binds receptor), transduction (a relay inside the cell), and
response (the cell changes what it does).

B 3 Negative feedback

Negative feedback 1/} reverses a change to return to a set point —like a ther-
mostat. It keeps conditions steady, which is homeostasis Fai55.

effector
responds

coordination:
nerve or hormone

receptor
detects it

change from
the normal level

the response pushes the level back to normal (negative feedback)

B 4 Positive feedback

Positive feedback IF J fif does the opposite: it amplifies a change to push a process
to completion, like the contractions of childbirth or blood clotting.

Watch out: "negative” feedback does not mean bad —it means the response opposes
the change, bringing the system back to normal. It is what keeps you stable.

Practice

Try these in order. The methods are all above.

2.1 State what a ligand and a receptor are.
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2.2 Name the three stages of signal transduction.

2.3 Explain how negative feedback keeps body temperature steady.

2.4 State the main difference between negative and positive feedback.

2.5 Give one example of a process controlled by positive feedback.
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

4 The cell cycle and its control — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
cell cycle 21 iy S 15

interphase (] 15

mitosis f 22515

checkpoints KA

cancer e

Recall

You already know that cells divide:

e Your body makes new cells to grow and to repair injuries.
o Mitosis produces two identical cells from one.
* You have heard that cancer is cells dividing out of control.

This sheet lines up how a cell’s life and division are controlled. Each idea has a short
worked example.

New ideas

B 1 The cell cycle

The cell cycle 41511 is the life of a cell from one division to the next. It has two
main parts:
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mitosis +
cytokinesis
interphase
(cell grows,
copies DNA)

o interphase [A]#f]-the cell grows and copies its DNA,
o mitosis G 22/4)Z4the cell divides into two identical daughter cells.

B 2 DNA is copied once

The DNA is copied only during the S phase of interphase, so each daughter cell gets
a complete, identical copy.

B 3 Checkpoints

The cycle is controlled at checkpoints #3255 that check conditions before the cell
continues (Is the DNA undamaged? Are the chromosomes ready?). If something is
wrong, the cycle pauses.

B 4 When control fails

If the checkpoints fail —often through a mutation —cells divide uncontrollably, forming
a tumour. This is the basis of cancer FEJiE.

controlled: cells stop dividing

uncontrolled: a tumour grows

Watch out: mitosis makes two identical daughter cells, each with a full copy of the
DNA —not half each. The DNA is copied first (in interphase) so nothing is lost.

Practice

Try these in order. The methods are all above.

2.1 Name the two main parts of the cell cycle and state what happens in each. 2]
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2.2 State when in the cell cycle the DNA is copied, and why this matters. 2]

2.3 State what checkpoints do in the cell cycle. 2]

2.4 Explain how a failure of cell-cycle control can lead to cancer. 2]

2.5 State how many daughter cells mitosis produces, and whether they are identical. [1]
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5 Meiosis and genetic variation — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
Meiosis VS s

gametes [T

crossing over S H

independent Hh4dE

assortment

Recall

You already know that offspring resemble their parents but are not identical:

o Body cells divide by mitosis to make identical copies.
o Sex cells (eggs and sperm) are made a different way.
o Brothers and sisters differ, even with the same parents.

This sheet explains where that variety comes from. Each idea has a short worked example.
New ideas

B 1 Meiosis

Meiosis JH£72¢ makes sex cells, called gametes i T~ (eggs and sperm), with half
the number of chromosomes. One cell divides twice to give four cells.

AP Biology e Holiday Homework —5 Meiosis and genetic variation — Part 1
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0
O
(}8

B 2 Fertilisation restores the number

4 haploid gametes (n)

When an egg and sperm join at fertilisation, the full chromosome number is restored
—half from each parent.

B 3 Shuffling the genes

Meiosis mixes the genes so each gamete is different:

crossing over

| |

paired (a chiasma) segments swapped
(new combinations)

o crossing over 3 ¥ H #fi-homologous chromosomes swap pieces,
« independent assortment F {41 & —each chromosome pair lines up randomly.

B 4 Random fertilisation

On top of that, any sperm can meet any egg -random fertilisation adds even more
variety.

Watch out: meiosis makes four cells that are not identical, each with half the
chromosomes. This is different from mitosis, which makes two identical cells with
the full number.

Practice
Try these in order. The methods are all above.

2.1 State what meiosis produces and how many chromosomes those cells have compared
with a body cell. 2]
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2.2 Explain why the chromosome number is restored at fertilisation. 2]

2.3 Name two ways meiosis mixes the genes to create variety. 2]

2.4 State two differences between meiosis and mitosis. 2]

2.5 Explain why brothers and sisters are not genetically identical (unless they are identical
twins). 2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

5 Genetics and Punnett squares — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
alleles L HE A

genotype B~ SpS it

phenotype FEH

dominant B

recessive B

homozygous alify

heterozygous IE

Punnett square  JE 40 45 5

Recall
You already know some genetics:

o Genes come in different versions, and some are dominant, some recessive.
e You have used a Punnett square to predict offspring.
o Traits like eye colour are passed from parents to children.

This sheet lines up how inheritance works. Each idea has a short worked example.

New ideas
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A gene’s different versions are alleles S/ Z [A]. An organism’s genotype % [} Y
its alleles) produces its phenotype its visible traits).
its allel d its phenot A (its visible trait

B 2 Dominant and recessive

A dominant 7% allele shows even if only one copy is present; a recessive [t
allele shows only with two copies. Two identical alleles is homozygous 4i£y; two
different is heterozygous Z4£;.

B 3 Punnett squares

A Punnett square JEZ045 5 #% predicts offspring ratios. Crossing two heterozygotes
(Aa x Aa) gives a 3 : 1 ratio of dominant to recessive.

parents: Tt x Tt

T t
T TT Tt green = tall (has a T)
t Tt tt orange = short (tt)

ratio 3 tall : 1 short

Worked example. Aa x Aa gives offspring AA, Aa, Aa, aa —so 3 show the dominant
trait and 1 shows the recessive, a 3 : 1 ratio.

B 4 Not always so simple

Some traits break the simple rule -incomplete dominance (a blend, red x white
— pink), codominance (both show, like blood group AB), and sex-linked genes on
the X chromosome.

father: xB Y

XB | XBxE XBy

mother

Xt | xEBx® xby

carrier daughter colour-blind son

Watch out: the genotype is the alleles an organism has; the phenotype is what
you actually see. Two organisms can look the same (phenotype) but have different
genotypes (AA and Aa both show the dominant trait).

Practice
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Try these in order. The methods are all above.

2.1 State the difference between an organism’s genotype and its phenotype. 2]
2.2 State what "homozygous” and "heterozygous” mean. 2]
2.3 A cross is Aa x Aa. State the ratio of dominant to recessive offspring. 2]

2.4 A homozygous dominant (AA) is crossed with a homozygous recessive (aa). State
the genotype of all the offspring. [2]

2.5 Two purple flowers produce some white offspring. Explain how this is possible.  [2]
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6 DNA and making proteins — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
double helix KU e

complementary HAMECXT

base pairing

semiconservative (% B &

replication il

Transcription TS

Translation RS

ribosome LS

codons T
Recall

You already know the basics of DNA:

o DNA carries the genetic instructions, in a shape called the double helix.
o Its bases pair in a fixed way: A with T, and C with G.
o DNA codes for proteins.

This sheet lines up how a cell reads DNA to build proteins. Each idea has a short worked
example.

New ideas
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DNA is a double helix g of two strands. The bases pair by rule —A with T,
C with G —called complementary base pairing H ML %f. So one strand tells you

the other.

5/ 3

sugar—phosphate
backbone

hydrogen bonds:
—  A=T (2), C=G (3)

3 5/

the two strands run in opposite directions (antiparallel)

B 2 DNA replication

Before a cell divides, DNA is copied by semiconservative replication {5 &4 & il
the helix unwinds and each old strand acts as a template for a new one, so each new
helix has one old and one new strand.

B 3 Transcription
Transcription #%5% copies a gene from DNA into a messenger molecule, mRNA.
Note that RNA uses the base U (uracil) in place of T, and is single-stranded.

B 4 Translation

Translation #]i% builds a protein from the mRNA at the ribosome #Z##{4&. The
mRNA is read in three-base groups called codons fi%, each choosing one amino
acid. The overall flow is the "central dogma” DNA — RNA — protein.

amino acids

RNA joined into a
TN copy protein
/\-

ribosome
nucleus:

gene (DNA)

Watch out: RNA is single-stranded and uses U (uracil) instead of the T found in
DNA. Don’t carry the DNA rules straight over to RNA.
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Practice

Try these in order. The methods are all above.

2.1 In DNA, state which base pairs with (a) A, (b) G. 2]

2.2 A DNA strand reads A—T-C—G. Write the sequence of the complementary strand.|2]

2.3 State what happens during transcription. 2]
2.4 State what a codon is and what it codes for. 2]
2.5 State two ways RNA differs from DNA. 2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

6 Gene regulation, mutations, and biotech-
nology — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE =,

English F3 Write it 3 times (English)
operon Bl 1
differential ~ gene ZEFFik
expression
mutation 23R
PCR XA bk
5

gel electrophoresis ¥/ HLjik

Recall
In Part A you saw how a cell reads DNA to make proteins. Now two important extras:

o Every cell has the same DNA, yet a muscle cell and a nerve cell are very different.
e DNA can change —a mutation —and scientists can now read and copy DNA.

Each idea has a short worked example before the Practice.
New ideas

B 1 Controlling genes

Cells control which genes are switched on and when —so they use only the genes they
need. In bacteria, an operon #2\ 1 switches a group of genes on or off together.

B 2 Why cells differ

Every cell in your body has the same DNA, but different cells switch on different
genes —differential gene expression 2= 73k, This is how one fertilised egg builds
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muscle, nerve, and skin cells.

differentiate

/ red blood cell

—) muscle cell

— nerve cell

B 3 Mutations

A mutation Z87% is a change in the DNA sequence. It may be harmful, neutral, or
beneficial —and beneficial ones give the variation that natural selection acts on.

origina||A||T||G| |C||/-\||T| |T||A||C|

substitution |A[[A]lG| [clalT| [T]A]C]

deletion |A|T|G| [a]T|T] [A]C]

insertion [A| T| 6] [6]lcfa] [T]T]A]

red = changed base; shaded = shifted by a frameshift (deletion or insertion)

B 4 Biotechnology

Scientists can work with DNA directly: PCR &% 2 V. copies DNA many times,
and gel electrophoresis ¢ HjiK separates DNA pieces by size.

95°C 55°C
strands separate primers attach

72°C
Taq makes new strands

each cycle doubles the DNA — millions of copies

Watch out: all your cells share the same DNA —a skin cell and a brain cell differ
only because they switch on different genes, not because they have different DNA.

Practice

Try these in order. The methods are all above.
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2.1 Explain why a muscle cell and a nerve cell are different, even though they have the

same DNA. 2]
2.2 State what a mutation is. 1]
2.3 State whether a mutation is always harmful, and explain. 2]
2.4 State what PCR is used for. 1]

2.5 State what gel electrophoresis separates DNA pieces by. 1]
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7 Natural selection and evolution —
Part

Name: - Class: — Date:

Vocabulary JaJjL.
Write each word three times. JEERSEERITIE =,

English s Write it 3 times (English)
Evolution Ak

natural selection  HRE#H:

variation AR
Fitness HEE
adaptation S VA

artificial selection A\ T#E#

Recall
You have likely met Darwin’s big idea already:

o Living things vary —no two are exactly alike.
o Those best suited to their environment tend to survive and have more offspring.
o Farmers breed animals and plants for the features they want.

This sheet lines up how evolution works. FEach idea has a short worked example.
New ideas

B ] Natural selection

Evolution ik is a change in a population’s inherited traits over generations. Its
main cause is natural selection H#R%E#E::
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variation in more offspring struggle to survive best-adapted sur- their alleles
the population than can survive (competition) vive & reproduce are passed on

over many generations the population becomes better adapted

o individuals show variation 728 %,
» some variations survive and reproduce better,

o those helpful traits become more common over time.

B 2 Fitness and adaptation

Fitness i#i & & means reproductive success —how many offspring an individual leaves,
not how strong it is. A well-suited trait is an adaptation V.

B 3 Selection changes populations

Over many generations, natural selection makes helpful traits common and harmful
ones rare, reshaping the whole population.

B 4 Artificial selection

In artificial selection A T.7%#f, humans (not nature) choose which individuals
breed —for bigger crops, faster horses, or friendlier dogs.

select & breed
the best repeat
> —_—>

generation 1 generation 2 improved variety

Watch out: "fitness” in biology means reproductive success, not being strong or
healthy. An animal that survives but leaves no offspring has zero fitness.

Practice

Try these in order. The methods are all above.

2.1 State the three key parts of natural selection. k

2.2 State what "fitness” means in biology. 1]
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2.3 State the difference between natural selection and artificial selection.

2.4 Explain why a helpful trait becomes more common in a population over time.

2.5 Give one example of a trait produced by artificial selection.
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7 Populations, speciation, and evidence
— Part 2

Name: — Class: — Date:

Vocabulary JaJjT

Write each word three times. &R BARIPE =,

English 25'd Write it 3 times (English)
allele frequency A

gene flow E R

genetic drift LA

Speciation S RumIAN

reproductively iso- A= 7H [ =5

lated

Recall

In Part A you met natural selection. Now see it acting on whole populations:

o Bacteria can become resistant to antibiotics.
o Over long times, populations can split into new species.
o Fossils and DNA give evidence for evolution.

Each idea has a short worked example before the Practice.
New ideas

B 1 Evolution changes allele frequencies

A population’s gene pool holds many alleles. Evolution is a change in how common
each allele is —its allele frequency Z£{v } [KJi*%. Besides natural selection, this
changes through mutation, gene flow F[HJf (migration), and genetic drift j5if%
m74% (random change, strongest in small populations).
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B 2 Antibiotic resistance

Antibiotic resistance is natural selection in fast-forward: a few bacteria happen to
survive the drug, then reproduce, so the whole population becomes resistant.

2. antibiotic kills

non-resistant

1. a few are resistant 3. resistant multiply

oS - oC o
OO - o O
oo © O o S

(red = resistant mutant)

B 3 Speciation

Speciation ¥JFhIE Y is the origin of a new species. It usually happens when popu-
lations become reproductively isolated 4 FH [ & (often by a geographic barrier)
and slowly diverge until they can no longer interbreed.

allopatric sympatric
one one
population population

species 2
barrier
kept apart by geography same area, split by behaviour

B 4 Evidence for evolution

Many independent lines support evolution: the fossil record, shared anatomy between
related species, and matching DNA sequences.

Watch out: individuals do not evolve —populations do. A single bacterium doesn’t
"become resistant”; rather, resistant ones survive and multiply, shifting the whole
population.

Practice
Try these in order. The methods are all above.

2.1 State what evolution is, in terms of alleles in a population. 2]

2.2 Explain how a population of bacteria becomes resistant to an antibiotic. 3]
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2.3 State what usually must happen for two populations to become separate species. [2]

2.4 Give two kinds of evidence that support evolution. 2]

2.5 Explain why it is wrong to say a single individual "evolves”. 2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

8 Energy flow and populations — Part

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
ecosystem HEBRS
producers Y
consumers HPE
food chain Y
trophic level BN
population T
%4

carrying capacity ¥ 5%
%

Recall
You already know how living things depend on one another:

e Food chains show who eats whom, starting with plants.
e Energy from the Sun flows through an ecosystem.
o A population can grow, then level off when resources run low.

This sheet lines up energy flow and population growth. Each idea has a short worked
example.

New ideas
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Energy enters an ecosystem 4 3x£& 40 as sunlight, captured by producers 4:y=#
(plants), then passes to consumers jH### along a food chain &¥J4%. Each step
is a trophic level & 32%.

top carnivore

\

secondary consumers

energy lost as «—__ o
heat (respiration) primary consumers only about 10%
of the energy

passes up each level
producers (grass)

B 2 The 10% rule

Only about 10% of the energy passes from one trophic level to the next —the rest is
lost as heat. This is why food chains are short and top predators are few.

Worked example. If plants capture 10,000 units of energy, the next level gets about
1,000, then 100, then just 10 —losing 90% at each step.

B 3 Population growth

A population #iff grows quickly when resources are plenty, then slows and levels
off at the carrying capacity ¥ 152540 & —the most the environment can support.

A
exponential
lag (rapid) stationary death

number of organisms

time

B 4 What limits a population

Food, water, space, disease, and predators are limiting factors that stop a popula-
tion growing without end.
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Watch out: so much energy is lost between levels (about 90% each step) that a food
chain rarely has more than four or five links —there is simply not enough energy left
to support another predator.

Practice
Try these in order. The methods are all above.

2.1 State where the energy in an ecosystem originally comes from, and which organisms
capture it. 2]

2.2 About what percentage of energy passes to the next trophic level? 1]

2.3 A plant level holds 8,000 units of energy. Estimate the energy at the next two levels.|2]

2.4 State what "carrying capacity” means. 2]

2.5 Give two factors that can limit the growth of a population. 2]
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AP BIOLOGY « HOLIDAY HOMEWORK B3/EL

8 Communities and ecosystems — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
community e
competition =
predation e
symbiosis Eaacy

Biodiversity W) 2 R
g2
keystone species — JEfEF

Recall

In Part A you followed energy through an ecosystem. Now look at how species live
together:

o Animals compete for food and space, hunt each other, and sometimes help each other.
o A variety of living things makes an ecosystem healthier.
o Human activity can damage ecosystems.

Each idea has a short worked example before the Practice.
New ideas

B 1 Community interactions

A community #£7% is all the species living together in an area. They interact by:
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grass clover

o competition 354+—for shared food, water, or space,
o predation ffi&—one animal hunting another,

« symbiosis FL/E-living closely together (both may benefit, or one may harm the
other).

B 2 Biodiversity

Biodiversity 4 ¥ £ FEE is the variety of living things —genes, species, and habitats.
Higher biodiversity usually makes an ecosystem more able to recover from disturbance.

—_— e

ecosystem species genetic diversity
diversity diversity (within a species)

B 3 Keystone species

A keystone species X4fP has an outsized effect on its community —removing it
can cause the whole system to collapse.

B 4 Human impact

Human actions —habitat loss, pollution, over-hunting, and climate change —reduce
biodiversity and disturb ecosystems, and because species are linked, a change to one
can ripple through many.

Watch out: because species are connected in a food web, harming one species (es-
pecially a keystone species) can affect many others —not just that one.

Practice

Try these in order. The methods are all above.
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2.1 Name three ways species in a community interact.

2.2 State what biodiversity means.

2.3 Explain why higher biodiversity usually makes an ecosystem more resilient.

2.4 State what a keystone species is.

2.5 Give two ways human activity can reduce biodiversity.
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