Chapter 26: Amino Acids, Peptides,
Proteins, and Nucleic Acids

Peptide linkage:
An amide

Aspartame, a dipeptide



Amino Acids

In nature, the most common representatives
are 2-amino acids (a-amino acids) with the
general formula RCH(NH,)COOH.

R
H,N—C—COOH

H

R = alkyl, acyl, amino, hydroxy, mercapto, sulfide,
carboxy, guanidino, or imidazolyl groups



Amino acids give rise to polyamides:
Polypeptides (proteins, enzymes)

For proteins, n> 8000 and MW > 1,000,000. Proteins are

crucial for transport (O,, hemoglobin), energy storage,
catalysis, control of reactions, template for RNA/DNA

action, antibodies, etc.



* More than 500 natural amino acids known
* Among the 20 main amino acids, 8 cannot be
synthesized by the body (essential amino acids)

Names: We use common names. a-Stereocenter

usually S (or, old nomenclature, L, from L-
glyceraldehyde)

C2, or ae-carbon
>

H,N=—C—H
R

H()+H

CH,OH
(5)-2,3-Dihydroxypropanal
(L-Glyceraldehyde)




TABLE 26-1 Natural (25)-Amino Acids

Three-letter One-letter pK, of pK, of pK, of acidic Isoelectric
Name code code a-COOH «-"NH; functionin R point, pI

Glycine Gly G 2.3 9.6 — 6.0

Alkyl group

CH; Alanine
CH(CH5), Valine®
CH,CH(CH»)- Leucine®
CHCH,CH; (S) Isoleucine”

|
CH,

LG ¢ N Phenylalanine
2 { ,

COOH?

11N+H Proline

e




Hydroxy containing
CH,OH
CHOH (R)
CH;
’,—\\\\
H,C —'«// »—OH
7,

Amino containing
i
CH,CNH, .

i
CH,CH,CNH,
(CH»)4NH,

NH
(CH,);NHCNH,

Serine

Threonine®

Tyrosine

Asparagine

Glutamine

Lysine

Arginine”




Three-letter One-letter pK,, of pK, of pK, of acidic
R Name code code a-COOH «-"NH; function in R

Isoelectric
point, p/

Amino containing (continued)
H,C

Tryptophan®

Histidine“

Mercapto or sulfide containing Used in reversible disulfide bridging
CH,SH Cysteine? Cys ¢ 2.0
CH,CH,SCH; Methionine® Met M 23

Carboxy containing
CH,COOH Aspartic acid Asp D : 9.6 34/
CH,CH,COOH Glutamic acid Glu E ok 9.7 4.3

“Essential amino acids. “Entire structure. “pK, of conjugate acid. “The stereocenter is R because the Monosodium
CH,SH substituent has higher priority than the COOH group. glutamate




Amino acids are acidic and basic: Exist as

zwitterions PP
COOH C
+
H,N—C—H —= H,N—C—H
I
R H R

By

pk,=9-10  Zwitterion

+
Hs;NCH,COO
Glycine as a zwitterion




Structure depends on pH:

+ HO + HO
H,NCH,COOH =—— H,NCH,COO~ =—— H,NCH,COO"
| H | H
H H
Predominates Predorminates Predominates

at pH < 1 at pH ~ 6 at pH > 13

+ + +
H,NCH,COOH + H,0 = H,NCH,COO~ + H,0H
pK, = 2.3

+ +
[H,NCH,COO~][H,0H]

— 10—2.3
_'_
[H;NCH,COOH]

Compare pK, CH;COOH = 4.74; the -NH;" group acidifies




—~ —
H.NCH,COO~ + H,0 =— HNCH,COO~ + H,0H
pKa = 9.6

_|_
M,NCH,COOTJIH,0HT - _

_l_
[H.NCH,COO |

Cf. pK, CH;NH;" =10.62; -CO, also acidifies, by induction
: When solution is charge
+
[HsNCHCOOH] = [H,NCHCOO |
|
R R

}
At this poin‘r PH - NS PK..coon + PKy NHo1

2




Synthesis of Amino Acids
1. Hell-Volhard-Zelinsky, then Amination

- +
Br-Br, ]-T’l NH;, H,0, 1|\IH~

trace PBr3 25°C, 4 days

CH,CH,COOH ———  CH;CHCOOH  ———— CH;CHCOO"

80% 56%
Propanoic acid 2-Bromopropanoic acid Alanine
(racemic)

—HBr

Yields not great

Better: Gabriel Synthesis ( RX — RNH,)



2. Gabriel Synthesis

Gabriel Synthesis of Glycine

0
COOCH,CH; ,

S | -

HC—Br
LA

o~
Z

COOCH,CH;
‘ /

I
A
\ i H*, H-0, A
=3 | N—CH
KT | &
e

—_—
N —2 CH3CH,OH
COOCH,CH;

| R

\ COOCH,CH; w
0 0

Potassium 1,2-benzene- Diethyl 2-bromo- 85%
dicarboxylic imide propanedioate
(Potassium phthalimide) (Diethyl 2-bromo-
malonate)

/\/\Cld?, 'ch’Om malonic COOH

octor hy 7 H*, H0 -

'\,J r_/f‘ J/.‘ ‘ N—CH = > o > H;NCHnC()()

bromination, via . 58 = ' )
rommi ( COOH

znolate \

COOH

85%

Glycine

O . CH;CH,O~Na*+, CH;CH,OH “NH
Gener'al ; .RX 3

3.H*, H>0, A | o
N— CH(CO,CH,CHj), RCHCOO~

O




3. Strecker Synthesis

Recall: ﬁ) (|3H

RCH + HCN =— R—C—CN

|
H

Cyanohydrin Adolf Strecker
(1822-1871)

When HCN is used in the presence of ammonia, e.g. NH,CN or
NH,CI/NaCN, we get the corresponding amino cyanide:

Strecker Synthesis of Alanine

O NH, NH;
| NH; HCN | H* H0. A |

CH;(H ———> CHy;(H ——> H;C—C—CN ——— C(CH;CHCOO"~

1,0~
|

H 55%

Acetaldehyde Imine 2-Aminopropanenitrile Alanine

Segovia Strecker



4. Synthesis of Enantiomerically Pure
Amino Acids

NH;

|
(CH;),CHCHCOO
(R,S)-Valine

Brucine

HCOOH

O

|
HNCH

——> (CH;),CHCHCOOH + HOH

Protection

80%
(R,S)-N-Formylvaline

Brucine (abbreviated B),
CH;OH, 0°C

! )

COO~*BH HB*~00C ?

® H HA}LN("H
CH(CH,), (CH,),HC

Separate by fractional crystallization

NaOH, H»0, 0°C NaOH, H»0, 0°C

Remove brucine and
hydrolyze amide
2

COO-
H.N——H

CH(CH,),
70%
(S)-Valine (R)-Valine




b. Biological methods

i NH;
RCCOOH NHs.enzyme, o ~* ~00OH

Reductive
amination H

O NH
13
H NADH, glutamate dehydrogenase l

HOOCCH,CH,CCOOH + NI, > HOOCCH,CH,CHCOO~ + H,0

—NAD
2-Oxopentanedioic acid (S)-Glutamic acid

Oxidation

Reduction of NAD™

- N ‘ H H
" 1= ' 1 & CONH, ) CONH,
HO  OH | | + H* + 2¢7 — | 5 |
R

Nicotinamide adenine dinucleotide NAD+ NADH




Mechanism:
H+
Ng

| H H
RCCOOH N

Hydride transfer
from only one side of ‘ ‘
double bond in chiral

environment of the N
enzyme |

Glutamic acid aminates other a-oxoacids by redox exchange:

"NH; (H)

| I i
Transaminase
H—C—COO~- + R'CCOO" =———— RCCOO~ + H—C—COO~

|
R R’




c. Using Chiral Auxiliaries

0 NH,
] NH; )
RCCOOH _ » R—C—COOH
Chiral,
enantiopure H
hydride
Or enantio- <
selective , \__ S
Strecker | S o
sy nthesis ’ g N methylbenzene (toluene), 40°C

O

s
93% R, 7% S




Peptides

Amino acids form peptide bonds

Peptide bond

R (”) R (II) ¢ R O

| | |l
2nHN—C—COH —— —NH—C—C—=NH—C—C),— + 2nH,0

] | |
H H H H

2-Amino acid Polyamino acid
(a-Amino acid) (Polypeptide)

Dimer = dipeptide, frimer = tripeptide, and so on.
The chain is arranged in space by H bonding,
electrostatic attractions, hydrophobic-
hydrophilic interactions (with water), and rigidity
of the amide bond.



Rigidity and planarity of the peptide bond




How to Draw the Structure of a Tripeptide
Rf (”) RH

+ | I 1 I
HN—C—C—N—C—C—N—C—COO"

| I I I I
Aminoend | H H H H Carboxy end
to the left to the right
Amino Amino Amino
acid 1 acid 2 acid 3

R, R, R" etc. are called the side chains.
All stereocenters are assumed to be S



Names: Line up the amino acid names in sequence, from left
to right, each ending in “yl", until reaching the tferminus.

(CH, )3(|_'.‘H CH,
0 CH, CH, C C.H.CH, O CH, O HCOH

+ I | b T ol |

H,NCH,—C—NHCHCOO~ H,NCH—C—NHCH,COO~ H;NCH—C—NHCH—C—NHCHCOO™
Glycylalanine Alanylglycine Phenylalanylleucylthreonine
Glv-Ala Ala-Gly Phe-Leu-Thr

Three letter code

Examples of peptides

COO~

|
CH, O CHCH, O 200 times as sweet as table

+ | | | | sugar, only 4 cal/g vs 4 kcal/qg.
H;NCH—C—NH—CH—COCH, Compare: Fat 9 kecal/g,
Aspartylphenylalanine methyl ester chocolate 3 kcal /9.
Asp-Phe-OCHj;
(Aspartame)




COO~ O HS |CH (H)
+ | | )
H,NCHCH,CH,—C>—NHCH—C—NHCH,COOH

y-Glutamyleysteinylglycine
v-Glu-Cys-Gly
(Glutathione)

Not a typical peptide bond: Glutamic acid residue
makes amide bond with the y-carboxy group (y-Glu).

Found in all living cells, particularly in the lens of
the eye. Functions as a biological reducing agent
by enzymatic oxidation of the cysteine mercapto
unit to the disulfide-bridged dimer.



Gramicidine S: Antibiotic (Eye Infection)

5
=
£ o

Rare, lower

homolog of lysine

. ; Orn

Two identical pentapeptides
joined head to tail.




. For diabetes. Disulfide bonds

A chain ? ?
Gly-Ile-Val-Glu-GIn-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Asn

5 | 10 15 |21
S S
| o
B chain S| |
Phe-Val-Asn-GlIn-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala
5 20 25 30

nitrogen

siilfur



http://images.google.com/imgres?imgurl=http://www.bbc.co.uk/health/images/300/insulin.jpg&imgrefurl=http://www.bbc.co.uk/health/conditions/diabetes/treatmentdiabetes_index.shtml&h=193&w=300&sz=8&tbnid=9nfs-Q_SfGBqPM:&tbnh=71&tbnw=111&hl=en&start=4&prev=/images%3Fq%3Dinsulin%26svnum%3D10%26hl%3Den%26lr%3D%26rls%3DRNWE,RNWE:2004-36,RNWE:en%26sa%3DN

The amino acid sequence is called the primary
structure, the three dimensional arrangement is
the secondary, tertary, and quaternary structure.

Secondary Structure: H-Bonding

Pleated Sheet Structure




Sheets defined

by shaded
areas




o - Helix

Right-handed spiral held by intramolecular H bonds

3.6 Amino acids per turn; repeat distance 5.4 A



Tertiary Structure: Further folding,
coiling, and aggregation. Denaturation is
the breakdown of this structure.

Example:
Superhelix

Typical of fibrous proteins,
such as myosin (in muscle),
fibrin (in blood clots), and a-
keratin (in hair, nails, and wool).




Tertiary structure gives rise to pockets:
Active sites or binding sites that provide
perfect fit for substrates, e.qg., drugs.

Example: Digestive enzyme chymotrypsin




Protein
digestion =
Amide
bond
hydrolysis

Four
cooperative
effects to
facilitate
proton
shuttle

([

Aspartic
acid

Histidine

Chymotrypsin
chain

Bound ester
hydrolysis
——

Peptide Hydrolysis in the Active Site of Chymotrypsin

Hydrophobic / /

pocket Aspartic
acid

Substrate
peptide cleavage ) )
—

Serine

({

acid

Aspartic

Histidine

Histidine

Substrate
peptide

Serine

Serine

Note: In this scheme, the

red arrows depict only the
respective addition steps of
the two addition—elimination
sequences.







Protein (Polypeptide) Primary
Structure Determination

Amino Acid Sequencing

1. Break S-S bridges by oxidation
- purify pieces

RI-S"S"‘RZ —> RISO3H +RZSO3H

Purification is achieved by
various forms of
chromatography: Dialysis,
gel-filtration, ion-exchange,
electrophoresis, affinity
chromatography.




Drop of
mixture

S5olvent

5o0me
hours
later

Turn paper 90° clockwise
and use a different solvent

Paper

Chromatography

Antibody spacific
for tha antigan

Antdbody of
diffarant
spacHicity
Inart
mairix

Nonantibody

Affinity

Carotene

Xanothophyll

Chl

Chl,,

Column



2. Amino Acid Analyzer

Used after hydrolysis of polypeptides to component
amino acids (6 N HCI, 110°C, 24 h). Column

chromatography separates and detects them.
Various amino acids

Methionine

Threonine o
. ) Histidine
Asari:ai&tlc Serine vaine Isoleucine Phenylalanine Lysine

Glutamic Glycine : Leucine NH3
acid Alanine Arginine

Tyrosine
Cysteine

Absorbance

Proline

Volume of solvent eluted —>

4.25

Integration gives relative amount of type of amino acid.
Now we know composition. What about the sequence?



3. Amino Acid Sequencing: One by one

a. Sanger: Degrade from amino terminal end

@)
S
+ H2 / \ﬁ/ \ClH ("Ji
@) R
Nucleophlllc subs’ru‘ru‘rlon
@)

O./\c CHJ\v’Ji

*HCI A: Hydr‘olyzes everything

Analyze: All dmu‘rr'ophenyl
derivatives of amino acids O,N
are known



b. Edman degradation- leaves rest of
chain intact, allows iterative procedure

Edman Degradation of the A Chain of Insulin
(leQCH_; (|?H3
S Bl Bl

N=C=S + H,NCH,C—N—CH—C—N—CH—C—N the A chain of insulin
H H H

lHJ()

Thiourea CHECH;% CHB

—_— | |
S O CHCH O CH)CH O

H H | | | I
NHCNHCH,C —N—CH—C—N—CH—C—N the A chain of insulin

N A H H H

Mransaridation th o




(EHZCH;, (IjH3
CH;,CH O CH;CH O

/ \ / "NH | I | |

" —N | + H,NCH—C—N—CH—C—N the A chain of insulin
_— >ch2 H H

O

Phenylthiohydantoin
derived from glycine

l . (ﬂl’]:r\j:(:&)
2.H', H,0

(|3H3
CH.CH O

| I
+ H,NCH—C—N the A chain of insulin

|
CHCHCH; H

|
0 CH,CHj l

Phenylthiohydantoin

derived from isoleucine
etc. up o 50 cycles

All phenylthiohydantoins of amino acids are known. Edman
degradation fturns unreliable after ~50 amino acids (build up of
impurities). Problem solved by chopping up large peptides
selectively into smaller (< 50 amino acids) pieces using enzymes.




Enzymatic Cleavage

Followed by finding overlap sequences to establish connectivity in original

Trypsin: Hydrolyzes only at carboxy end of
Arg and Lys, e.g.:
Trp-Glu-Arg%Phe-Phe-Lys % Ala-Val

Chymotrypsin: Hydrolyzes only at carboxy
end of Phe, Trp, Tyr, e.g.:

Trp< Glu-Arg-PheZPhe<Lys-Ala-Val

Thermolysin: Hydrolyzes amino end of
Leu, Ile, Val, e.g.:

Trp-Glu-Arg-Phe-Phe-Lys-Ala< Val



Synthesis of Polypeptides

Protecting groups: Why? We need selectivity in
building up the peptide sequence. Consider the
synthesis of glycylalanine by dehydration of the

component amino acids: “ 0
HoaNo C__ + H,N_ _ .C

*SCH, SoH ¢ \(l,'H “OH
CH;

An Attempt at the Synthesis of Glycylalanine by Thermal Dehydration

A . -
Gly + Ala gy Gly-Gly + Ala-Gly + Gly-Ala + Ala-Ala + Gly-Gly-Ala + Ala-Gly-Ala etc.

Desired
product

Hence, amino end of Gly and carboxy end of Ala have to be protected.



a. Amino end protection with cH,

Phenylmethoxycarbonyl
(carbobenzoxy, Cbz)

Protection of the Amino Group in Glycine

O : O

H-NCH,COO™ & >—CH,0CCI - ( )—CH,OCNHCH,COOH

80%

Glycine Phenylmethyl chloroformate Phenylmethoxycarbonylglycine
(Benzyl chloroformate) (Carbobenzoxyglycine, Cbhz-Gly)

Deprotection of the Amino Group in Glycine

CH,H
0

| e B I _
@*CH;OC NHCH,COOH ——— + HOCNHCH,COOH — (O, + H;NCH,COO~
Carbamic acid 95%

function UNSTGble

nydrogenolysis of benzylic ethers




b. Amino end protection with

Tert-butyloxycarbonyl
(Boc)

Protection of the Amino Group in Amino Acids
as the Boc Derivative

R 00 0O R
i | (CH.CH,):N |
H,NCHCOO~ + (CH,);COCOCOC(CH,), > (CH;);COCNHCHCOOH

—CO,,
—(CH;),COH 70-100%
Bis(1,1-dimethylethyl) 1,1-Dimethylethoxy-
dicarbonate carbonylamino acid
(Di-tert-butyl dicarbonate) (tert-Butoxycarbonylamino
acid, Boc-amino acid)

Deprotection of Boc-Amino Acids (via ter?-Bu cation)

O R R

” | HCl or CF;COOH, 25°C + | B
(CH3);COCNHCHCOOH > ;NCHCOO™ + €O, + CH,=C(CHy),




c. Carboxy Protection: Esterification
Simple methyl or ethyl esters. Alternatively, to avoid base (or acid)

hydrolysis, benzyl esters.
O ~OH OH o\c/o\/©

CH . CH
H,N" “CH, H . H,NT CH,
Protection
Z 7
Trp-OBz
P HN HN P
) X
CH CH "
H.NT " “CH, HaPd N7 CH,
Deprotection
Z 7



Formation of the amide bond for peptides uses a
mild coupling reagent:
as a dehydrating species

Peptide Bond Formation with Dicyclohexylcarbodiimide

/
RCOOH + R ’N\

Dicyclohexyl- N,N'-Dicyclohexylurea
carbodiimide




Mechanism:

1. Activation of carboxy group (recall activations to
alkanoyl halides or anhydrides) of A-protected amino acid

O
J HsC

H
H-C @) N .C CH
3 \C/ \CH \OH H C/\C/ 3
7\ | 3 |
Hi¢  CH3g  cH, O« _O
—

Looks like an anhydride



2. Coupling with amino end of carboxy end protected
amino acid to give dipeptide

HsC
\ _CH,
H,c—¢ HC
| \ _CH,
O\[/O H3C/f H'T’
| | o) 0] o) OCH C
TCHANOT NH T Y9 o= iR
N e
CH3 S o
| H
6”7 CH;
HN_  .C
* " CH, DOCH,

Peptide bond

Preparation of Gly-Ala

H;C O 0 O H;C O e

) o | DCC ) B |,,| || | ” o 2. H,, Pd-C
(CH3);COCNHCH,COOH + H,NCHCOCH,C{H; —> (CH;);COCNHCH,CNHCHCOCH,CH; ————>
Boc-Gly Ala-OCH,CH; Boc-Gly-Ala-OCH,C,H;

o) (|_.‘H3

+

H,NCH,CNHCHCOO- + CHsCH; + CO, + CH,=C(CH;),
Gly-Ala




Automation: Merrifield solid-phase PR #®
peptide synthesis |

Advantages: Robotic "custom made” assembly of

any polypeptide; products on the polymer are T £/
isolated and purified by simple filtration and RobérLBigAgirrifiéld
washing. |

Solid-Phase Synthesis of a Dipeptide

DR 7N
(CH;;);COCNHCHCO:QZ‘ + CICHQ‘@—ApOIystyrene chain

1. Attachment of o
protected amino acid

O R O

[
(CH;);COCNHCHCOCH, polystyrene chain




. Deprotection of

] _ CF.CO.H, CH,Cl,
amino terminus

)I\( HQ OCH %fpolystylene chain

. Coupling to protected l f”} R’

: y |
second amino acid (CH,);COCNHCHCOOH, DCC

0O RO RO

- ||
(CH3);COCNHCHCNHCHCOCH, / \ polystyrene chain

. Deprotection of

p . CF.CO,H. CH,Cl,
amino erminus

R () R O
- | R

NCHCNHCHCOCH,—<

\—”“‘ polystyrene chain

. Disconnection of HE
dipeptide from polymer

F/a

_ : | /
NCHCNHCHCOO~ + FCH,—(

\
A\

\,"/—'W“polystyl ene chain

Early mile stone:
1966; Total
synthesis of
insulin with 51
amino acids;
5000 operations
carried out ina
few days.
Modern
extensions:
Combinatorial
chemistry and
total synthesis
of complex
molecules on
solid supports.




DNA and RNA: Natural
Polymers Containing the
Blueprint of Life

Life (in this context) is the
synthesis of proteins, which run
our (any) body. The information
is stored in DNA: Deoxyribose
nucleic acid

The information is “read"
(expressed) with the help of
RNA: Ribonucleic acid




Structure of Nucleic Acids
Example: DNA chain.

: “Monomer"”
Backbone is a polymer e s
of the sugar linked by hucleotide

phosphate groups as a
diester.

The information
lies in the
sequence of the
bases attached
to the anomeric
carbon:

HOCH,

O
” x
Cagd 'M
OH

HO,

2-Deoxyribose

Phosphoric
acid




Bases: All aromatic heterocycles

For

NH,
DNA: ﬁ\ e f
N NH J J
o A <

Cytosine (C) Thymine (T_) Adenine (A) Guanine (G)

For RNA: C, A, G and

To visualize the NH,

aromaticity in the cyclic B
amides, formulate the /K )\ Uracil (U)
dipolar resonance form, ¥ o e o
e.g. cytosine: i IL | thymine



Naming the pieces:

Sugar-base compound:
A nucleoside

Sugar-base-phosphate .
monomer piece of A mteni
polymer:

A nucleotide

H,0;POCH, - () 0 H,0;POCH, O

\ / \,
N\ / \
/ N\ /

\. / N\

/ . /

\ /

OH OH

2'-Deoxycytidylic acid Thymidylic acid




DNA forms extraordinarily long chains
(up to several centimeters) with
molecular weights of as high as 150
billion. Like proteins, they adopt
secondary and tertiary structures:
Double helix!

éfp

M @f/
ﬁw A, g&s
(S

QP

Primary structure Human chromosomes




Watson-Crick: Hydrogen bonding through
complementary pairs: In DNA A-T, G-C (1:1 ratio)

‘/

Sugar/ N—/
15.1 kcal molt A O T Sugar

(el —

Sugar ¥4

27.7 kcal mol-! G N i O C Sugar

Guanine-cytosine

Gives rise to double helix







View down the helical axis

. s A G C—T—A—C—G—A—T—C—
Complementarity: S

T—C—G—A—T—G—C—T—A—G—ww




Replication of DNA

New nucleic acid strand

Unwound double helix

New nucleic acid strand

In humans 2.9 billion base pairs; error rate 1 in 10 billion!



Information storage: Peptides versus
nucleic acids

A polypeptide

R|l

g_

A nucleic acid

ADPA) |Base 3 Base 4
OH(RNA) db\e N d&s\t‘




Base sequence contains information for
protein synthesis

DNA > mRNA - polypeptide

Messenger RNA

mRNA copies a piece of DNA to be used to construct a particular peptide;
transfer RNA (tRNA) delivers the amino acids, and a catalyst (ribosome)
puts the peptide together, following the blueprint: Three base sequences
(codons) that translate into a specific amino acid.



P_\ A C ~n mRNA chain (with codons)

kl.J —_ U — G) tRNAs (with anticodons)

Amino acids delivered by
tRNAs

Three base code ( ): # of combinations
43 = 64 > more than enough for 20 amino acids




Three-Base Code for the Common Amino Acids

TABLE 2b6-3

Amino
acid

Base
sequence

Amino
acid

Used in Protein Synthesis

Base
sequence

Amino
acid

Base
sequence

Ala (A)

Asn (N)

Asp (D)

Cys (C)

Gln (Q)

Glu (E)

Gly (G)

GCA
GCC
GCG
GCU

AGA
AGG
CGA
CGC
CGG
CGU

AAC
AAU

GAC
GAU

UGC
UGU

CAA
CAG

GAA
GAG

GGA
GGC
GGG
GGU

His (H)

Ile (I)

CAC
CAU

AUA
AUC
AUU

CUA
CUC
CUG
CuU
UUA
UuG

AAA
AAG

AUG

UuuU
UuC

CCA
CCC
CCG
CCU

Ser (S)

Chain initiation

Chain termination

AGC
AGU
UCA
UCG
UcCC
UCU

ACA
ACC
ACG
ACU

UGG

UAC
UAU

GUA
GUG
GUC
GUU

AUG
UGA

UAA
UAG




Genetechnology: A Revolution




The region according to NT 023089.13 (1)

Contig Region

LRS-

‘J-§AN;E Ho| JSNP ID
THS-JET087475
IHE-JET0g7474
IHS-JET132151
THE-JET132150

Tyne| Pozition in sequence

SN |Bl$3-ﬁé'.l‘ (¥iew Iniezrated Map)
SN |Bl53-{53[l (Wiew Iniezrated Map)
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TECCCTTOOT GTGETCCATET
TGETGATAGTT TACTGAGAAT
CETTGEAGCAR CTTACTTTAC
GETGAGLTGG GEGCARGLRG TTGLTEGGEG
GULARTOGRTGA TEAATGATGT GATGATETET
GARATCTTGA GABCCTCTTE ARGCCCCTAD
GUAGTTTETA CACTOTGRTA ARCATGATTO
GETCACECCT ATARTCCCRE CATTTTGGGR
ARCAGATTGA GACTTGGTCT CTACAAAATA
CTEGAGAGGE TEEGACAGER AGATLGCTTA
AGCCTGGEGECA ACACAGCARG ARACCTGTCTE
TAGTATAAAT GTTACTGRGE ATEACATTTEO TACAAGAAAGE TAAGATTTAA AACCCARATC ATTTAAGATA GGATTACAGA
AATOATTATC TTTAATTTTT TAAAAAATTO TGCCTGTTTC TTGTTTCCTA AGOTOCTTAA TTTACCCATT TCTGEATGCOR
GUAGGRARGE CTATGCCACT GTTRGEElGT ACAATEGCGA TTATGTTCTG TACCTGTAAC GACTATTITGL AARSCAGATA
CTTGAGCCAT TGTGCAGTET ATGCTGATGA CTGEGTAACA GATCCCCGTT TTCTARTREE TGAGTGTCCR CAGCAGTGAR
CTCCGECCTTE TTCACATCAT TECTTTTATA TTGATGTCCC AGTEETTTCT AATGAGREAGS TCCARGLTTC CTGETGAGARL
ARAGACAACA GAGAAAGLRE CAGCACCCCE GAGTCCCATE GEAGAGCCCA GCTETCTCAE CACAGLTERE GGCRGAGAGS

FHACGEAGGT GCTEGGECACT TTCCOCCEEA GEC 1] FRECTHET CAGGLCAAGR ACCCARAAAT
ABCAGTHGEE TATAGLAGRR TGAGLAGHGA CACTCARTT GACCACATAR TCTCCTACGE
TTCCTTCCAT GACATOAGER ARACCCADAL i CHOCTTCTGT GATTCTATGR ACTTGAATCA
TTTRTTTGTA TCAGTTRATE TGARTTAARTG TACATTTTCA
RATRARACAG CCATCRARAARA TATTTGCAAG AGCATTARAR

ACTTTTRGGT CTATGARGTT GTTGAATTTT RCCTCTAATT
CTRECACTTT GEGAGECTGA GETGEGECAGA TEACTTGAAT

ATAACTTTTT AAGTTCTAAG CAARAATGAN ATTAACACTE
CAGCTCTACA ARRRATACARA ARACETAGLT GEECATEGTE

TEECTEEETE CAGTHGCTOA CACTETAATE COABGAGTTL
BAGACCRGEC TGEHCAACAT GECGAARCTE REACHCACEH
GEGAGGATCA CLTGRGECCA GEAGATCARG GETECAGTAA
TGRGACTETE TCTCRRAAAA ARARRARRAR ARAACTCAGE

GATCTCATTG
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TTCRATTCCC
TTTCAATTEL
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RRTTGEGEGEEET
TCCRAATETT
TTTTCTCARRA
RRRCETEET A
CRACARGECA
ATEATAATARA
RGLECETEGAG
RRRRAATAAA

RECTATGAGT GAGARTATEE GETETTTGGRT
CCCEATTTAC ATTTAAGCTC AGCCACTCAC
TECTCTATCA TGGATA AGAGTECLTE
GGGETAGEA GETGARRGTG CTCAGTGRAT
ATTRCTTAGA CTAGOACTRG TTAATGGTTT
TTCRGTGTAT TCTATTTTAT ATTGCATOTA
ATGCTTTATT GARARATCTE CTTTTTOOCT
GEARGATCAC TTGAGGTCER AGTTTGAGAC
THATAATAAG TETEGTEECA CATGCTTETR
CTCARGGCCE CAGTGAGLCA TGATCAAGLL
ATTRARATCA ARATCCRCTT TTAGLTTAGR

TTTTTGTTCT
TAGECTTETGE
TECCTEETTA
GEARGECATT
TREEATAGTH
RGTAGAATCT
GEATACAGTD
CRECCTEAGE
GTCCCAGCTA
RETETACTEL
TATAATARAT
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FEGTCCCAGE TTACTCAGRG GCACTEAGET GLCATGATTE
THCCACTGEG TTCCAGCETG GGTGACAGRG GRTCTTATAT
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The Future ?

http://funny junk.com/pages/world.htm/
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