OPHS Biology Name:
+ Unit 6 Notes DNA/RNA/Protein Synthesis

‘ Unit 6, Topic 3: Protein Synthesis
-~ p In 5y

-y the end of this topic, you should be able to...

1. Describe the differences between DNA and RNA
Identify and order the steps in protein synthesis (transcription and translation)
Explain the purpose of the molecules used in both transcription and translation
Use a codon chart to determine a protein sequence based on an mRNA code
Compare and contrast gene and chromosomal mutations
Predict the effect of DNA mutations on the resulting protein

What are Proteins?

oA W

Hershey and Chase’s virus experiment (Topic #1) showed that l M E was the genetic material of the cell.
2. Dﬁ)‘\’(/\ NS are the workhorses of the cell...they do a lot of different jobs!
A)_PORDoAL S - immune system/defense

f)/ B) S/X\UC\’U\W - hair/nails
({\H\Q\ C) &Q«)a\ﬂ(/} \Ap TCMW e§lzymes (; (ﬂ;%‘C)

D) ﬂ”#\\(\& ?OY’\’ - hemoglobin (carries oxygen in blood!)
E) YY\OWZMCH% - muscle

How do our Cells Make Proteins?

=

3. DNA contains (ALALS , sections of nucleotide chains.
7

Genes code for 429\\_/)@_6‘ &‘ﬁ VAR (proteins.),/‘ me mmm z
Polypeptides are A0 QA0S chains., W0 i3 0 quf(; pora-{
4. The Dilemma: DNA is found in the N \/\L\QMf .., but proteins are made

inthe Y 11 0SOMES .How do we get the message from one place in the
cell to another?

5. The Solution: A molecule called QN‘PY (W‘cz&‘}es e message. It's small Ha

enough to fit through the IOT/Y 729 | 0\ES in the nuclear membrane.

Putting it together:

e DN A s responsible for controlling the production of_p_ﬁz;\ﬂ_ﬂ_\i in the
_ . e o - |
cell, which is essential to life! Lemm\ Of] O@)mm OD ?7}0) M)\f

o DNA-RNA->Proteins &

\ Y, Y Y
° (J imm%g’)’ﬂ@contain several thousand Q§M !fg} , each with directions to

make one gm&m )

Where are Proteins Produced?

e Proteins are produced on £ OOSOYIS
e Found in two places:
™ o Free floating in U\MD'O\(AY 1
o Attached to W(){,O\\QW\ST mC ehonvwn

e How does information needed to build a protein gets delivered from the DNA to the ribosomes?

o With the help of !g§§ﬁ in a process called pW/iﬂ SAHN&S i\g
A
40 Al O a¥e
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What is RNA?

e Three types of RNA: WX\QN\QY ’b@\*‘@x YR\\A

A Closer Look at mRNA

o
O

0

k
RNA stands for Y 1Y 0L OcA a / 3
o BRERNRNEK is called a NACNLOTOL

DQQ‘\ ~ Name:
. DNA/RNA/Protein Synthesis
N\

X RuaNsteotide
%

1 5-carbon SUACIY_ (ribose)

1 QHOS’QYM&_/" group

1 nitrogenous V)G S

F Adenine
e How is mRNA g{ifferent from DNA? W Guanine
o S “\1('3\_6 stranded u
o SKIOYN(Y  and able to leave the | WL A Umﬂ
o The sugaris KPS E ol
o There is a different base P= phosphate

mmbw\(w

Protein Synthesis

The job of mRNA is to take directions for one gene and transport it to a

(10RO W inthe

o

(o]

« A (U) takes the place of /\1(351‘ >’[ Nism  Feiboss

Thisisso a cell can begin assembllng A Y10 0\(/\0‘5 the

(building blockgof DDYANS |

It's sendlng a M(é&m on how to do the job!

Protein synthesis is a two stage process:

Nansenpnon and Tra sldN

@)

A WS%{]W molecule (mMRNA) carries instructions from DNA to ribosomes
= pNA_(ANYNUT leave the nucleus; XN Y can!
= mjixgﬁ makes it possible for § )_Qjﬁd! \S__to be assembled by | )Hg DIYUY outside

the nucleus

I;rotein Synthesis: Transcription (‘T‘(N)SCY \ M¢ M&Wﬂ@ /JY M m 6}/ ’ pﬂ(} ﬂ p

Transcription is when | Zﬂﬁ is turned to IO 1y N Q - m }QN A
Happens when I DALY need to be made in the QU TDD| ASTY) D ¥ (A,eMJ) |
Since DNA CANNOT leave the (WO AP/ S itis TV 7S i piclinto RNA (DNA=>RNA) ( N

o]

Transcrlbe j O QL! (copy in the same nucleic acid language, but only what is needed!) .

How does it happen?

1)

3)

After an ﬂ 12 :Hl | &targets the portion of the DNA that should be copied (H }'i vl )Qhe sections of

DNA (QS‘Q (N5 ) will temporarily A u’}(j to allow mRNA to T A5t (Y48epy). This will continue
until an enzyme signals “the end”

mRNA leaves the Y\ (W \J$  travelsinto the U/)\/D'Dm f[V) _ and attaches to a
{208 Die s

The “message” from DNA can now be translated to make a *2{ l 3;&/_@ V)
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Thigk about it: What is happening in each photo below during transcription?

* ; rihosome
binding ske

13, MENH
DXNYY e s, (A

| MENA eavcs NUclev!
VIA YW e porﬁ,r

Small subunit
of ribosome

Large subunit
. of ibosome

MENA atntes 1o

O
(e}

(in RNA) will attach to a __| \2} (in DNA)
(in RNA) will attach to a C (in DNA)

o _ ¥\ (inRNA)willattachtoa___\ _(inDNA) -

o [A (in RNA) will attachtoa __7\__ (in DNA)

o Tryitl

o Apiece of DNAreads: TAGCATTCCGAU
Transcribe to mRNA: AUC QUAABIGLUA
o 1sideofDNAreads: AAGCGTATCCCG

™
crotein Synthesis: Translation = YY)

Transcribe to mRNA:

e Translation=> The process in which 1Y }m N isused as a Y)\\)C‘()” M
QM0 A CAQS

(RNA->Protein)

o Amino acids linked together form a IAN

T : -
o Translate: To change a sentence from one language (WU C a OF)&t‘o another (

YV 1\bS OVe.

° Transcri’bing DNA to mRNA is very easy if you remember these complementary pairs!

e Every 3 letters on an mRNA chain = C ODD\

e Each codon (3 DNA letters) = 1 Aivid AU

o Given the (KN A we canreada (000V) _ chart to translate it into amino the amino acid it codes for!
o Remember, 1 word in nucleic acid language is a (

R ANINO ACAL (proein) #+ I

to form chains of

AHNO

acid

o profein

DV __ (three nucleotides)

Think about it: What amino acid is coded
for?

1) AUG ST [mibioning

— s o

2) GUC
3) GCC
4) CGA

™ 5) UAA

@ Second Letter “Thind |
el 4 C A G Letiar
V| phenylalanine | serine tyrosine oysteine ™
y | phenyialanine | serine tyrosine cysteing C
lewucine serine stop stop A
leucing soring slop tryptophan G
leucine proline histidine angining U
¢ |leucine proline histidine argining C |
leucing proline glutamine aminine A
leucing proline glutaming arginine G
isoleucine threonine asparagine sorine U
A | isolewcine threonine asparagine sefine <
— } isoleucine threonine lysine arginine A
e | Y threonine fysing arginine B,
valine alaning aspariate glycine U
¢ | valine alanine aspariate glycine ¢
valine alanine glutamate glycine A
valine alanine glutamate glycine G
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o Translation occursina Y \OSOYW in ALL cells
o Uses all three forms of RNA () (N i 120 ' LRV ) N\

e DNA s not directly used!

S‘Wwi' T
tRNA: A Closer Look  "\Ccuciccuracaanonn

Steps of Translation
1) The mRNA leaves the [JUC W OS  and landsona
(10S OV (rRNA)

2) NN (with correct anticodon) lands on the
ribosome opposite a (LOUA0Y) on the mRNA
3) The tRNA leaves the ribosome, but the TN ad

e Notice the tRNA is carrying the amino acid

that it coded for stays on the ribosome to wait for next leucine, coded for by the sequence “CUA”

codon to be read o The tRNA knows how to match using bases!
4) The (\J0SOVIC, _ moves to the next codon e So...mRNA codon reads “CUA,” so the tRNA

bringing in another (ANWIO mb\% the growing protein anticodon will be “"GAU” ‘

chain

e The amino acid chain will ALWAYS begin with the
“ SYVY oAD"~ AUG x

o The tRNA will continue to add amino acids until it reaches a “_S{Dp (DADY) " ” (UAA, UAG, UGA)

e When it reaches a stop codon, then a complete _Q\’D*Y(AY'\ h|as been built! The protein A/ {/er\(fV\{'J '

from the ribosome.

™
"Think about it: Label the diagram of translation to the right with the following terms!
a) ribosome : . " O ,
0 mRNA e RIS
c) tRNA S ~ mENAs
d) codon o B G ' e
) 50000
e) anticodon "l g
f) amino acid chain C\
HRIDA
& .
A CepR oo
Ao audh L2 o
al/ANA .
(Polngephd
e Given the strand of DNA—> ATC

o What would it's complementary DNA strand read? ~/§ E\ (,

o Now, transcribe the DNA to mRNA

o What amino acid does the codon code for? (use chart)

™

o What would the anticodon on tRNA read?



OPHS Biology Name:

*  Unit 6 Notes DNA/RNA/Protein Synthesis
e Given the strand of DNA-> TGA

M o What would it's complementary DNA strand read?
o Now, transcribe the DNA to mRNA
o What amino acid does the codon code for? (use chart)
o What would the anticodon on tRNA read?
Mutations

e Changes to DNA are called {Y !!M DN

o Change the S_)};\B

o Change thefY) RN
o May change

o

May change _ {1/ 1+

2 Main Types of Mutations:

1.) Chromosomal Mutations- a mutation involving YY\(A(\\4 0\;{/()@
2.) Gene Mutations- a mutation that involves a J‘:(’AN NA R ONAES

Chromosomes and Chromosomal Mutations:

e Humans have _(%_?Z_ pairs of chromosomes, with one set of chromosomes from each
™ parent.

e The chromosomes are coiled up DNA.

e Under normal conditions, all of the chromosomes are inherited in tact.

e When will a mutation be passed onto offspring?
1) Whenitisinan_E&61 ov ST (21 (N’l o)
e Chromosomal mutations occur when there is a change in Q,TYU v O\1
or _N\Um B of chromosomes (LARGE SCALE)
e There are FIVE types of chromosomal mutations:
1.) Deletion )
2.) Duplication —

3 Inversion oeient’s CHERDERS — CMEEre

4.) Translocation ey B BB

5.) Nondisjunction R e e e e S s
Most chromosomal mutations are: — ., CHERRES — CUBERRES
10Anal) ISR o s et o

Gene Mutations:

e Small scale: 0 | ){/ gene is affected

e Any change to the DNA sequence of a gene:

iy o Nucleotides/Bases may be added, missing, or changed

‘ypes of Mutations

e Changes to the letters (ATGC bases) in DNA!
e Point mutation—> change to QNg letter in the DNAI
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o May (or may not) cause a change to protein

e Frame shift mutation—> addition of a N@j letter; or deletion of a letter!
o Bothofthese S i:\\?T DNA so it changes how the codons are read

o Big changes to protein

Point Mutations

Missense mutation = CO(AQ -ﬁ)Y‘ A d'\Htmef (W0 (1 Ud (Ex. Sickle Cell Anemia)
sitent mutation= (N6 Lov e Same amino ael d
Nonsense mutation=_ [l fl)Y QA 8\/0‘0 (Cap WMYWK, pﬂ)faﬂ!)

e

Frameshift Mutations

o Addi4inyor Deledy \c?rfe or more bases

o Change the meaning of the whole protein!
e Addition (insertion)> i 0‘ dilmﬂ} A NASL
o Deletion> TIN0V ﬂﬂj\ n_basy

~ARered readin teme

" Normal ;eé&iﬂg frame

Altered reading frame

[[Language Target for Topic 3: I can create a Venn diagram to compare and contrast RNA and DNA; | can transcribe a strand of
DNA into mRNA, and then translate it into the appropriate amino acid sequence using the codon chart; I can locate an mRNA
codon on the codon chart to determine which amino acid it codes for; | can discuss and compare the various mutations]]
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Nad each term or phrase in the lefi-hand coluwnn of the following table. If the term-or phraze applies to DNA,;
sce a check mark in the column labeled DNA. If it applies to RNA, pla..eached»maxi.zathecolmmlabeled
RNA. 1t applias fo both mucleic scids; place a check mark in both colunms. Place the terms in the Venn:

Dmvram.

“TermorPhrase: " I""DNA | RNA™
Nucleotides
Deoxyriboss ! . .

Ribose _ DNA: ATACGAAATCGCGATCGLGGCGATTCGE
Single-siranded
D:’ubi&m mded mRNA:
Nitomebases S
Thymine
Uracil
Deuble Hehx )
Replication ' Anticodon:
Tranzcrphion
Messenger | ]
Yolore fhan m;e y ——y Amino Acids:
 Found mthe rucleus

Leaves thenuclens

~Doex not leave the nuclaus

Codon:

DNA __RNa

Directions: Cuvstic Fibrosis is a disorder where the individuals have lung and kidney problems. The disorder is
caused by a mutation in one of the individual s genes. Complete the boxes below by finding the mRNA and
amino acid sequence. Compare the mutant DNA strands to the original strand. Circle the mutation in the
mutant DNA strands. Classify each mutation.

1. NormalGene: ACCATTAAAGAAAATATCATCTTTGGTGTTTCCTATGAT

mRNA sequence:

Amino acid sequence:

2. MutantGene 1: ACCATTAAAGAAAATATCATCGGTGTTTCCTATGAT

mRNA sequence:

Amino acid sequence:

Type of Mutation:
3. Mutant Gene 2. ACCATTAAAGAAAAAATCATCTTTIGGTGTTTCCTATGAT

mRNA sequence:

Amino acid sequence:

. Typeof Mutation:
T




