Processes that do this.

o et

Transcription

Replication

DNA RNA
~

Information Transfer within a Cell and the Three Critical

Translation

RNA ——— Protein ?
~r

A. Crick postulated an intermediate that would have
hydrogen bonding to the bases in the DNA and covalent
bonding to amino acids (actually two intermediates
necessary, mRNA and tRNA).

B. Volkin’s Expt (base composition of RNA was similar to that
of the DNA phage) shows intermediacy of RNA.

C. Pulse chase experiments and the movement of mMRNA

D. Classes of RNA in prokaryotes; mRNA, tRNA, rRNA (23S,
16S, 5S in prokaryotes), snRNA, miRNA (RNAi).

SlEa
@ Infect E. col calls with bacteriophage T4,

ii Phage T4

Escherichia coli —

ks
o Add *Huridine to the medium at various
tmes—2, 4, 6, 8, and 10 minutes—after

miection, and mcubate infected cells

far ane minute,

Radioactive RMA is synthesized
in the bacteria.
*Haridine in L
medium and cells ] -

2P TP T e
oiEa

a Break open the bacteria and
isolate the RNA.

ks

° Determine what proportions of Q
the radicactive RMA hybridize to
E. coli DNA and to phage T4 DNA,

Volkin 1956, 1958

All DMA is heat-denatured.

Nitracellulose Fhage E. coif Mo
membranes contaming: T4 DA DA DA

3

. 3 Y

;
Bt

Hybridization selution
containng radioactve RNA

STEs 1
© Incubate at 65° C overnight.

Remove and wash filters extensively.

Measure radioactvity on each filter.

Radioactive RNA o000 | | Ay
hybridized to phage | y~enee Favavs
T4 DNA s e

Background radioactiity

Credit: From D.
Prescott, “ Cellular
Sitesof RNA
Synthesis, “ Prog.
NucleicAcid Res.
Mol. Biol. 3:33-57,
1964.

Nucleus

fa) 3H-Uridine in UTP

Fig 12.6a Autoradiographs demonstrating the synthesis of
RNA in the nucleus and its subsequent transport to the
cytoplasm.
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(b)

© 2003 John Wiley and Sons Publishers

Nucleus

Credit: From D.
Prescott, “Cellular
Sitesof RNA
Synthesis, “ Prog.
Nucleic Acid Res.
Mol. Biol. 3:33-57,
1964.

Fig 12.6b Autoradiographs demonstrating the synthesis of
RNA in the nucleus and its subsequent transport to the

cytoplasm.
TasLe 10.4 RNA CHARACTERIZATION
RNA % Components Eukaryotic (E) Number of
Class Total RNA* (Svedberg Coefficient) or Prokaryotic (P) Nucleotides
Ribosomal 80 55 Pand E 120
(rRNA) 585 E 160
165 P 1542
185 £ 874
235 P 2904
£03 13 LTl
Transfer 15 45 PandE 75-90
(tRNA)
Messenger 5 varies PandE 100-10,000
(mRNA)
*In €. coli
Also

snRNAs (small nuclear RNAs)
miRNAs (microRNA & interfering RNA, RNAI)

) HoEu, o c|>|1 noscl-H; o, T"
L ol 1
Nt /] N
Tj_ & H H —t H
OoH éﬂ OH |!l
Ribase 2-Deoxyribose
Transcription
The Players:

RNA polymerase  Synthesizes 5’ to 3’
uses NTPs (ribose) not dNTP (deoxyribose)
uses UTP and not TTP
does not need primer, Why?

DNA template (Promoter)

8/25/2010



How is the information of the genes converted into the
production of different proteins?

RNA was shown to be an intermediate (Crick’s prediction).
What are the characteristics of this code?

Since MRNA is made of 4 bases, how many bases would
be needed to code for the 20 amino acids?

-- If each base coded for one amino acid, how many amino acids could
be encoded in mMRNA?
Answer: 4

-- If two bases coded for each amino acid?
Answer: Doublet code 42=16 words (still not enough)

1) Deductive reasoning also lead to speculation of triplet
code: 43=64 words.

What else can we deduce?

With Benzer’s map, researchers could look to see what each
mutation did to the protein product!!

. e | | P e o R IR | §

i et it o i -ttt
Ala Alby Alb; AZa AZb  A2d A2f A2y aZh"_%
1
A2k,
Md  Adc Ada A3h Adg A3t A3e Ada-d A2y (‘,é
Lo LA e TR et R iy
Ade 55
=
5
Mt a 'E H
mgg trr tHHE aar5¥rr ¥¥;3-~~§- TT1 DTN IYT7 1| TR ot
A5 ASb ABc;  Mbcs A5d ABay A6z Ags Re,
Het zpat’ :

“Hot spol”

B4 B3 B2 Bl !
R LR e LR ﬁa ggga “"h‘a?‘?e*ﬂﬂg"

B BS
fﬁié'gsgiﬁﬁé by
g

87 %
3

%

i.—rl—ﬁﬂ?!— it -?»?‘9—ﬁn—mv— 14 +
Ho £ Bab 20

B gene

2) Single base pair changes generally changed one amino
acid in a protein.
Conclusion: Code probably not overlapping.

A base substitution
™ TTT would often change 3
CTACA aa at once if code

was overlapping.

2
1
..'I.'.ill—g'h.i':I .'L:'IE'
@)
Initially in frame
T T T T T T T r T
Benzer had used GAGGAGGAGGAGGAG
Proflavin as a mutagen ¢
that induces insertions & C inserted
and deletions
MTTT iy
GCAGGACGGAGGAGGA
How do insertions and Out of frame
deletions affect the (b)
message? Initially in frame

1 or 2 bp insertions or CAGGAGGACGALGAG

deletions puts message f

out of frame. i ‘ CAG inserted

Multiples of 3 bp =TT T TP

changes keeps the GAGGACAGGGAGGAGGG
| |

1 T T
message in frame. Out of frame  Back in frame
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What is happening?

THE FAT CAT ATE THE BIG RAT
Delete C THE FAT ATATET HEB IGR AT
Insert A THE FAT ATAATE THE BIG RAT
*Suppressor Mutation

Delete 3 bases THE FAT ATE THE BIG RAT

We "know"
1) triplets — deductive reasoning and experimental 3 bp deletions

2) non overlapping — 1 base substitution — 1 aa change

3) no punctuation — 1 base insertion/deletion affects all
subsequent aa in the message (frameshift)

What are all the extra triplets for?
Degeneracy?

Cracking the Code

1) Nierenberg and Matthaei 1962: Homopolymers
Results: uuu phenylalanine
CCC proline
VAV,
GGG

2) Mixed/Random Copolymers

3) Repeating Copolymers. Gobind Khorana 1967 (Nobel
Prize) he generated short nucleotides (di, tri tetra) and then
linked them.

OK, now we know some of the characteristics of the

Race was on to decipher it. One method was to create
synthetic mRNA and see what polypeptide it would make.

n [rNDP] — [rINMP];  + n[P]

Ribonucleoside diphosphates RNA Inorganic phosphate

= s (synthesis) !
Q/.@/.@/ = " . 3@
W‘B b \“} * I‘;f (degradation) \«} W} \“} } \‘”3

Possible Probability of occurrence
compositions of any triplet Possible triplets
3A | AAA 0.4

(1/6)" = 1/216 = D.4%
Mixture of 1C:2A (5/6)(1/6)° = 5/216 = 2.3% | AAC ACACAA 3x23=69
5 parts C | 2C0A _E5_-'|">)'[1.-'(1] = 25/216 = 11.6'.3?: ACC CAC CCA | Ix11.6=348
1 part A 3C (5/6)° = 125/216 = 57.9% | ccc 57.9

100.0
Chemical synthesis of message
=T f

.|||:||||||||||||-|.||I|I||IRN’R
CCCCCCCCACCCCCCAACCACCCCCACCCCCACCCAA

T
C
Translation of message l

-
acids in protein assignments

Lysine <1 AAA
Glutamine 2 1C:24
Asparagine 2 1C:2A
Threonine 12 2C:0A
.l-;hs-llr.!i.nr_' 1_‘: i 2(_13\ 1 f_'.').:’\-
Proline 69 CCC‘. 2C:0A
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Repeating Copolymers

Repeat] | o Repeati
e Eeliddiedins | s Repeating Copolymers (continued)
UGUGUGUGUGUGUGU :
Dinucleotide EEReA e el
UG GUG
Cys-Val-Cys-Val... (GAUA),
2 UAUCUAUCUAUCUAUCUAUCU :T_‘m
Tetranucleotide ey ) il o R 1o B o and 3
aLL T ucu What polypeptide was translated
= ;
Initiation A from this message?

Tyr-Leu-Ser-lle-Tyr-

ZIPPO, NADA, NONE!!!

TT T I T i I
| UGuUUGUUGUUGUUGUUGU uuc
| o TR T e S T e

<

Trinucleotide | i T ) o SR S SR ’ f—ru
UG | S T e A M o S T o )
! Gul CONCLUSION: One of the triplets codes for a
Leu-Leu-Leu... STOP
Cys-Cys-Cys...
Val-Val-Vval...
o condTonT Differences Between Human and Yeast Mitochondrial
u c A G Coenetic Codes
uu uct ua] UGl u
wel™ e el ™ e [ . AMING ACHD
ol = ; ; — - -
m}uu uca LIS T M: T HOM R IAL Lo
ue ues, Amb UGG T M ) — —
LY e Trp s ) MUCLEAR
cuy cel mu} c6u u Copon! Conn Manmnial YiEasT
His -
cue cee CAC o6e C
C 0 Bri e - . = o P,
g :ua}“" ca[ ™ o JL“ caa [ *® F UGA fermination  Tryptophan  Tryplophan
K Gh _ S — - PN a——
; Gle, s A caa) 3 = AUA lsoleucine Methionine  Tsoleucine
s AU AcU A AGU u |2 e —————ehiaens —- — .
E _ - } #sn _ _JLSH z CUN' Leucine Leucine Threonine
AUC b llew ACC MG AGC e | & — — i
- . aon [ ™ m} :m} n AGG, AGA Arginine Termination  Arginine
X " . Lys Mg —— |-.-. - B e .. . - ' e i
we e | aco) G AGE 5 CGN'_ Argining Arginine Termination?
G Gew) GAY GG u . - :
) :|L.!|sp “All sequences read 3 to 3,
Guc GCC GAC GGC . 1 —
G val L a iy [[] = Folypeptide chaid " = any one of the four bases A, G, U, and C.
GUA GCA tw\:IL GoA A iniiation codon
o
= - " = Polypeptide chain
UG e GAG GE6, < D termination code S il t T bl 14 5
*Each triplet nucleotide sequence or codan refers to the nucleatide sequence in MRNA (not DNA) Imilar 1o lable .
that spacifies the incorporation of the indicated amine acid or signals polypeptide chain termination.




Once the Code was cracked, small genome organisms
were examined to count the genes and identify the
spaces between genes.

0X174 5386 nucleotides
Adding up the length of its proteins

met gly thr his ala phe ala
Initiation —

1795 aa?
2300+ aa

5 G o 61 i iy O o 3 [ 3
TTT T I T T I T T I I I
AUGGGUACCCAUGCUUUUGCCA
155 0 \_I_lsl_l_l
Initiation —= O—@—@—8—
met leu leu pro

Genes can be overlapping!! (The code is NOT
overlapping).

u c e .1 G
(T} ey AL UGl u
T Cys
wc uce uac [+ )
! " ww vr ow | oA
(L) (=) : ;
} mﬁi Bwrminator]
G ueG, uAG ugs G
6, Amber GG T
o cou Al ol u
His
- e cEe CAC, C6C c
c Lew P Mg =
™ CUA CCA AR CGA A
G
oG, i G 66, i
i o Al AU A AU u
5 Asa Ser
| AIC s e ACC MAC AGC. €
o Thr -
Ty ACA A AGA 'S
Lys AR
MG Met AL, HAG AGG o
intzator)
GRS =T} Gl el u
ko
GUC GCO GAC GEC ¢
[ val Ha oy
Gl GEA AR GG A
- [
GUG, GOG, GAG G5, ]

*Each briphet nucleatde sequence or codon refers to the rucleotide secuence in MARMA (not DNA)
that specifies $e incorperabon of the indicated aming acid or signals polypeptde chaim terminasion,

Third (3') letter

Repeating
Copolymer

5-
GUGUGUGUG.

A) his-his-his...
B) thr-his-thr-his...
C)

)

D) cys-val-cys-
val...

Cys-Cys-Cys...

E) val-val-val...
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