Nucleic Acids and Molecular Biology Part I
Biochemistry Boot Camp 2023 !
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Review of Intro Biology

* Parts of a eukaryotic
animal cell

e Has a nucleus where
DNA is stored

* Membrane-bound
organelles

cytosol

lysosome

Golgi apparatus

A\ II—mitochondnon

andoplasmic reticulum
—— with membrane-bound
polyribosomes

Alberts, et al. Molecular Biology of the Cell, 4™ Edition.



Review of Intro Biology

* Parts of a prokaryotic .
bacterial cell Cell wal

Plasma membrane

Cytoplasm

Ribosomes
Plasmid

* No nucleus: DNA is not
linear but circular (no
ends)

* No organelles, but
ribosomes, etc. exist in
the cytoplasm

Bacterial Flagellum
Nucleoid (circular DNA)

Source: Wikipedia, “Bacterial Cell Structure.”



It’s Crowded in There!

Source: Goodsell, D. http://mgl.sripps.edu/people/goodsell/illustration/public/



Central Dogma

Y DNA 9 m RNA Growmg peptide chain
. . ore
“Transcription” .KQ e Qﬂ\
- Incoming tRNA
—_— Synthesized RNA Omgomg\"{gﬂp‘ \\ﬁgﬁm\\bound to Amino Acid
empty tRNA\\ G 5\ \‘\\ \\
Polymerase B TRNAITRNA / e
S\
— RNA formed from 5’ to 3’ N ‘ | '
JUULAYE VASRTRIRVRTAIRTATRIRIRTR AR

MessengerRNA

* mRNA = Protein o
. Peptide Synthesi
u-l-ranslatlonn eptide Synthesis
— Synthesized by ribosome
Trick: Reading the DNA in

— New proteins formed the “standard way”, one can
from NT to CT easily identify the codons
for peptide synthesis.

Source: Wikipedia, “Ribosome”



Genetic Code

nonpolar| polar basic acidic (stop codon)

1st
base u

uuu
uuc
UUA
UuG
Cuu
cuc
CUA,
CuG
AUU
AUC
AUA
AUGH! (Met/M) Methionine
GUU
GUC _

G i (Val’V) Waline
GUG

(Phe/F} Phenylalanine

(Leuw/L) Leucine

(lledl) Isoleucine

Source: Wikipedia, “Genetic Code”

Standard genetic code

ucu
ucc
(Ser/3) Serine
UCA
UCG
ccu
Cccc
(Pro/P) Proline
CCA
CCG
ACU
ACC ™ _
r reonine
ACA (ThefT)
ACG
GCU
GCC
(AlalA) Alanine
GCA

GCG

2nd base

A
UAaU
UAC
UaA Stop (Ochre)
UAG Stop (Amber)
cCAl
CAC
CAA

(GIn/Q) Glutamine
CAG

(TyrY') Tyrosine

(His/H) Histidine

AAl

(Asn/M) Asparagine

AAC

(Lys/K) Lysi
Vs ysine
AAG

AU (Asp/D) A [ id
5 spartic aci
GAC

A4
= (GIu/E) Glutamic acid

G
UGU
c (Cys/C) Cysteine

UGA | Stop (Opal)
UGG | (TrpW) Tryptophan
CcGuU
CGC -
oA (Arg/R) Arginine
CGG
AGLU

- (Ser/S) Serine

AGA
G (Arg/R) Arginine

GGU
C
(Gly/G) Glycine

GGA
GGG

Ird
base

=
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Why is this Useful?

The Nobel Prize in Chemistry 1993

[ ] S i te_ D i re Cte d Kary B. Mullis, Michael Smith

The Nobel Prize in Chemistry 1993

Mutagenesis

Kary B. Mullis

Michael Smith

e Good Primers:

—T,>78°C(2mM
MgCl,, 50 mM NacCl)

— GC content > 40% 0
—_ NO Secondary StrUCtu re Kary B. Mullis Michael Smith

The Nobel Prize in Chemistry 1993 was awarded "for contributions to the
(< 5 O b p ) developments of methods within DNA-based chemistry” jointly with one half to
Kary B. Mullis "for his invention of the polymerase chain reaction (PCR) method”

and with one half to Michael Smith "for his fundamental contributions to the

—_— E n d W |t h G O r C establishment of oligonucleotide-based, site-directed mutagenesis and its

development for protein studies”.

Photos: Copyright © The Nobel Foundation



Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction
——n,
o O ?é
g Py

3 main steps

1. denature
2. anneal
3. polymerase activity

Millions and millions of copies

* Key consideration: Temperature for primer annealing
(computational tools)!

https://www.genome.gov/genetics-glossary/Polymerase-Chain-Reaction 8



https://www.genome.gov/genetics-glossary/Polymerase-Chain-Reaction

Example: Designing Primers

~4 %+ Agilent Technologies Genomics English » | United States = ContactUs | Logout | MyAccount | Quick Order | " Cart(0)

Home Products & Services Applications Resources & Support Search products or parf numbers

b

Cwverview | General Info | Links | BioCalculators | QuikChange Primer Design

QuikChange Primer Design
The QuikChange® Primer Design Program supports mutagenic primer design for your QuikChange mutagenesis experiments. Using primer design guidelines

described in QuikChange manuals, this program calculates/designs the appropriate primer sequences with the optimal melting temperature. Read Help for more
information about the program.

Erf;:nanrl Help

1. It is recommended that you clear this form prior to loading each new sequence:

http://www.genomics.agilent.com/primerDesignProgram.jsp 9



PRODUCTS & SERVICES CROSSLAB  SOLUTIONS SUPPORT LIBRARY  TRAINING & EVENTS

1. It is recommended that you clear this form prior to loading each new

Clear Input

2. Select QuikChange® mutagenesis kit that you are using:

4

QuikChange® I - Help in choosing a mutagenesis kit

3. Find your DNA sequence by pressing

Load a file from your hard-drive:

Mo file selected

Or, paste plain text or FASTA-Tormatted DNA sequence in the box below:

atagatatagacagacatacatcagacatatacaggaggaggatacacag
acatcatacagcaga

4. Load it.

Upload Now BEJ&l Upload Translated
or specify a DNA region to translate from to Upload Translated Region

5. Select up to seven nucleotides that you want to change @

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
DNA: change nucleotide(s) to:

g - ES - B - ES - ES - ES - ES -

or
() Delete a region between two checked nucleotides (Note: two checked nuclectides will not be deleted)

or

(71 Insert between two checked nucleotides

O1a Dot C3a Cag Osa Cet O7a Cat Coa
Diog D 11a [BELY J13a (14 g [15a [BET:T O17a 18t
C19a CD20¢ O21a Ce2t CD23¢c E24a Ca25g CD26a Carc
C28a Ceat Ca0a a1t Oaza Casc O34a Casg C36g
[J37a [138g [J30g Jaoa [Ja1g [Jazg [J43a [Jagt [Ja5a
Capc [Da7a CDasc C49a Csog COs51a Cs2c Os53a Csat
Ossc Cs6a Os7t Ossa Csoc Ceoa Ce1g Ceze Ce3a
Ceag [e5a

Finally, obtain your designed primer

Clear this form to load a new sequence:

Clear Input

4
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PRODUCTS & SERVICES CROSSLAB SOLUTIONS SUPPORT LIBRARY  TRAINING & EVENTS  BUY ﬁ

() Insert between two checked nucleotides

[14a ot Osa I_|4g 153 gt [O7a gt [Jga A
C1og 11a [12¢ [13a 14g J15a R Y [J17a st

[ 19a 20¢ [ 21a D22t O23c &24a Casg C26a Care

O 28a 29t D 30a O3t D32a O33c O34a Casg C36g

[a7a [3sg [39g C40a Ca1g C4z2q [ 43a 44t [ 45a

EPT.Y [ 47a [ asc [49a Csog [s1a Os2¢ [53a [ 54t

COss5¢ [ 56 a O 57t O s8a COsac Ceoa Ce1g Oe2c D 63a

|_|ﬁ-49 [ 65a

) r

Finally, obtain your designed primer sequences.

Design Primers

Clear this form to load a new sequence:

Clear Input

Primer sequences:

Primer Name Primer Sequence (5' to 3)
S-atcctococtoctgtatatgtcggatgtatgtetgictatate-3°
ja24c S-gatatagacagacatacatccgacatatacaggaggaggat-3'

Oligonucleotide information:

Primer Name Length (nt.) Tm Duplex Energy at 68 °C Energy Cost of Mismatches
41 78.60°C -43.55 kcal/mole 3.05%
[a24c_ 41 78.60°C -49.02 kcal/mole 3.83%

Primer-template duplexes:

Primer Name Primer-Template Duplex
gatatagacagacatacatcagacatatacaggaggaggataca

3'-ctatatctgtctgtatgtaggctgtatatgtcctcctccta-5"

5'-gatatagacagacatacatccgacatatacaggaggaggat-3"'

???ctatatctgtctgtatgtagtctgtatatgtcoctcctcocctatgt




General Primer Design Principles

PCR Steps: Denature (95 °C), anneal (60 °C), extend (70 °C)

Considerations:
— Melting Temperature: Should be 52-58 °C
— GC Content: 40-60%
— Length: ~30 bp (but longer can be okay)
— Secondary Structure: Avoid if possible

Lots of software exists (some costs $SS). For more
information (some trial and error here):

https://goo.gl/4AEwMG3 (Life Technologies)
http://www.premierbiosoft.com/tech notes/PCR Primer Design.html



https://goo.gl/4EwMG3
http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html

Example: General Approach

-

Exact and Single Base Mismatch DNA
Thermodynamics

Primary Sequence: 5' to 3'; Target Sequence: 3'to 5'

Additional
Target
Base

5= CGAAGAACAGGAAGCGGAATTTAAAGAAG

l FEEErr e e e et el
GCTTCTTG T v|CCTTCGCCTTARATTTCTTC

Hybridization Temperature

®Use Exact Complement T,
OUser Defined

Target Concentrationlj

Additional
Target
Base

-3

l

-5

ANALYZE

HAIRPIN

SELF-DIMER

HETERO-DIMER

NCBI BLAST

TM MISMATCH

ADD TO ORDER

IDT OligoAnalyzer Mismatch Mode — estimate Tm cost of non-matching bases

13



Other Calculators: GeneRunner

 Download (free) from
http://generunner.net/

* Analysis = Oligo brings up
window to the right

e Suggested options shown to
the right

— Santalucia temperature &
salt recommended

— Check your specific dNTP,
DNA, Mg?* and salt
concentrations

() Oligo - K19E5_T7_LV0372_25.5eq

|CAACTACTATCGCTGTTGATGCTGAAAC]

L

L

S L

L M L K

CAACTACTATCGCTGTTGATGCTGAAAC
GTTGATGATAGCGACAACTACGAC G

Frame|+1 v ST|(>|[10 Cut Sites

w|lx] es

Shiowe |

tdal Wt
Tm:

Filter Trm:
2GETm:
GC+AT T
nkdolfa260:
ugfAZED:
2GC:

diG:

dH:

ds:

3-end dG:

22-28 NNNNNNC x| 2
BR47 B <Sense Oligo» Strand Type Tt Method
B2 h Frarm: I:l (Ol Dra @ Santalucia
: Length: 28 O3 pra O Breslauer
. . O Mearest Mbr
534 Show | Search | | Editother | Switch
- Salt Carrection
80.0 dNTP con (milli kol): 0.60
38 DMA con (nano Mal): 50.00 @ Santalucia
322 Salt can (milli Mol): 50.00 (O Schildkraut
429 | Divalent can (milli Mol 150 O Owczarzy
-336 L : B o
Frendlen: ase ! [ ]Force Short
-202.7 Fallen »= Stem len >= T Calcs
5270 Guidance:
- hex Len: 35
eyl =] El
Tm:| 423 | da |08 |

gfIII € ¥y - Sort

(@ Hairpin loops (O Dimers (O Bulge loops (O Intemal loops () Match sites

5 (li,TuT‘(liTACTA] ~

3' CAAAGTCGTAGTTGTCGCT

STEM AT 1 IS 4 BP LONG, LOOP = 10 v
Dane Save Marme Prirt Defaults Helg  Tips

14


http://generunner.net/

Other Calculators: Phusion Calculator

nnnnnnn
eeeeeeeeeeeeee 67 °C
h gh-Fidelity lymerase (HF Buffer)
rrrrrrrrrrrrrrrrrrr (nM) Wi is thi
IS thi
2R Y
Primer 1
AA GAAAC 8 nt
3%
Tm:
| AA CG. GTTGTT Cl
Switch to batch mode Cl .
rrrrrrr
U mple input 8 nt
6%
Tm:

 Some polymerases have their own calculator
specific to buffers, recommendations

* Phusion Polymerase found at NEB website
(https://tmcalculator.neb.com/#!/main)

15


https://tmcalculator.neb.com/#!/main

Protein and Expression Plasmid (pET-15b)

Bpu1102 l{287)
BamH I{319)
Xho l(324)
Nde I{331)
Nco 1{389)

Xba l(428)

EcoR |{5708)
Aat ll(5635)

Ssp I(5517)

Sca l(5193)
Pvu 1(5083)

Pst l{4958)

Bsa l{4774)
Ahd l{4713)

s Miu l{1218)
o Bel 1(1230)
—
o
4 BsitE 11(1397)
pET-15b 3,
AlwN 1(4238) (5708bp) © Apa l(1427)
&
BssH Il(1627)
Hpa l(1722)
BspLU11 I(3820)
Sap 1(3704)
Bst1107 I{3591) PshA [(2061)
Acc 1(3590)
BsaA 1(3572)

Tth111 I(3565)

Bsm 1(2704)
Msc l{2791)

Bpu10 l{2828)

WT GB3 DNA/Protein Sequence:

(-6) L *

P

FE G DI HM QY KLV INGTETTL K 13
1 ctttaagaaggagatatacatatgcagtacasattagttatcaatggtasaacattgaaa 60

4 G FE TTTEKAVYVDRZETZ RZET KA ATFIEKTQY 33
6l ggcgaaacaactactaaagctgttgatgctyaaactgcagasaaagctiteaaacaatac 120

34 ANDNGVDGYVYW¥WTZYDDATZE RKTT ET 53
121 gctaacgacaacggtgttgacggtgtttogacttacgacgatgcgactaagacctttaca 180

4 Yy T E * D P A ANTEKR
131 gttactgaataggatceggetgctaacasager 213

16



Successful Mutagenesis Primers

3
3

7

Primer Name Primer Sequence (5' to 3') S ) *
PCR Dpnl  Bacterial [ sy

K191-Fwd CAACTACTATCGCTGTTGATGCTGAAAC Parent > > > Mutagenized

Plasmid JJ amplification Digest Recovery | \ Plasmid / J
K191-Rev GCATCAACAGCGATAGTAGTTGTTTCGC iy
Description Primer Duplex

After Transformation:

S
Template 37 —TAACTTTCCGCTTTGTTGATGATTTCGACAACTACGACTTTGACGT

CATTGAAAGGCGAAACAACTACTAAAGCTGTTGATGCTGAAACTGCAGAAA

K191 -Rev/ [Tl [T
Template CGCTTTGTTGATGATAGCGACAACTACG
K19l -Fwd/ CAACTACTATCGCTGTTGATGCTGAAAC
K19l -Rev CGCTTTGTTGATGATAGCGACAACTACG

* Annealing temperature used: 53 °C

17
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Recombinant Protein Production

: Yes
Choose a System Purify from Source

No

Determine DNA
Sequence

Do experiments

Express in Bacteria

Try Another No Good Yes _ _
Expression System Expression? Purlfy Protein

1




Bacterial DNA: Features

e Chromosome is circular

* Replication starts at the
origin of replication (Ori,

TTATCCACA)

* Plasmid: Any circular DNA
in the bacterial cell can be
replicated if it has an Ori

Ori Ori
~ |
4
/ . * Replication
Replication .'I fork
fork '
._._.x- -_/"
\Terrninus

@ Original DNA Strand 1
Original DNA Strand 2
New DNA

Source: Wikipedia, “Circular Bacterial Chromosome”



The Lactose (lac) Operon

* |dea: Bacteria only want to produce proteins if
they are needed

 Why metabolize lactose (hard) when glucose
(easy) is available?

* Operon: A set of genes (proteins) under the
control of other genes in the cell



The Lactose (lac) Operon

FPromoler lact Terminator Promoter Operalor lac? lacy facA Terminator

Proteins:

lacl (lac repressor): binds at CH,OH CH,0OH
operator when no lac present; OH O O__ OH
prevents binding of RNA OH 1B 0. K OH
polymerase at promoter

OH OH

Lactose
lacZ (B-galactosidase): converts
Lac in to Gal and Glc by
CH,OH CH,OH

hydrolyzing glycosidic linkage on o on o on
OH OH
lacY (B-galactoside permease): OH
Pumps Lac into the cell OH OH

D-galactose D-glucose

Source: Wikipedia, “Lac Operon”



Bacterial Expression Vectors

 pET Plasmid Genes
— Origin of replication
— Lac repressor (lacl)
— RNA Pol promoter (P;)
— Lac Operator (lacO)

— Polylinker — where your
DNA sequence goes
(pLink)

— Ampicillin resistance
(ampF)

* |s this plasmid persistent?

Source: Mike Blaber, BCH5425 Course Notes

pLink




Inducible Expression

* IPTG: Turns on
protein expression
without being
hydrolyzed

* Protein expression

can be switched on

when desired

HOCH, CH,

| 7
HO = s—C—H
OH H CH,
H H

H OH

Isopropyl-3-D-thiogalactoside
(IPTG)




Bacterial Cell Count

When Should | Induce?

A

Lag Phase: Cells  Log Phase: Cells —
are acclimating to are doubling
new environment exponentially

Steady State: Cells are growing  Death Phase:
and dying at about the same rate Nutrients are
exhausted

Time



When Should | Induce?

Protein expression is
greatest during log phase

Inducing at lag phase may
unnecessarily cripple your
cells

Bacterial Cell Count

Typically, induce at an
OD¢,, of 0.5-0.6

Always follow your lab’s
protocols!

A\

‘/ Harvest Cells

S

\

Time
Induce Cells
(0.5-1.0 mM IPTG)



How to obtain sample?

Available \_YES
Protein?

NO
Determine DNA

Seqguence
Do experiments
Express in

Bacteria

Purify from
Source

System

Try Another
Expression System

Purify Protein




Overview: Recombinant Protein Production

Obtain or build plasmid

molecular biology

Transform into cells
e. coli cells, or others such as insect cell lines

Express cells
multiply #'s using incubated shaker

Induce cells
starts production of protein

Harvest cells
spin down with centrifuge, collect cell pellet




Overview: Recombinant Protein Production

Resuspend cells
select buffer, salt, and protease inhibitor(s)

Homogonize / dounce / vortex
mixing /

Lyse cells
sonication, French press

Clarify lysate

centrifuge, syringe filter

Ready for chromatorgraphy



A mixture of proteins can be separated

Time

 Recombinant protein production or
purification from endogenous tissue

e Separation relies on differences in
physical and chemical properties Protein sample

(mobile phase) J

— Charge y

) Solid porous matrix
— Size (stationary phase)

|
Porous support \

— Affinity for a ligand

:
it

— Solubility ., f., l
— Hydrophobicity ? F ? F

— Thermal stability

* Chromatography is commonly used for E%""*;H'ﬁe@
preparative separation | effiuent

- -

Fraction
collector



Column Chromatography / Van Deemter eq

b
HETP=A+ —+4 (C; +Cp) - u
(v
Height Equivilent of Theroetical Plate = a measure of the resolving power of the column [m]

A = Eddy-diffusion parameter, related to channeling through a non-ideal packing [m]

B = diffusion coefficient of the eluting particles in the longitudinal direction, resulting in dispersion
[m? s7]

C = Resistance to mass transfer coefficient of the analyte between mobile and stationary phase

[s]

u = speed [m s™]



https://en.wikipedia.org/wiki/HETP
https://en.wikipedia.org/wiki/Eddy-diffusion
https://en.wikipedia.org/wiki/Diffusion_coefficient
https://en.wikipedia.org/wiki/Dispersion_relation
https://en.wikipedia.org/wiki/Mass_transfer_coefficient
https://en.wikipedia.org/wiki/Speed

Separation by Size

Protein mixture is
added to column

containing cross-
linked polymer.

Protein molecules
separate by size;
larger molecules
pass more freely,
appearing in the
earlier fractions.

Void volume V, Total column
volume Vi

1. Spherical particles of gel
filtration medium are packed
into a column.

high
Absorbance molecular
A weight

sample
injection
volume

void volume V,

intermediate total column volume V,

molecular weight

equilibration

1cv

Y

>
Column Volumes (cv)



Separation by Charge

Protein mixture is added
to column containing
cation exchangers.

© Large net positive charge
O Net positive charge

O Net negative charge

O Large net negative charge

Protein &

Proteins move through
0 o the column at rates

b so determined by their
A net charge at the pH
/ P being used. With cation
°° A exchangers, proteins

000 with a more negative
net charge move faster
and elute earlier.

Polymer beads with negatively
charged functional groups

=i=aluln
-
(H:
123456
lon-exchange chromatography




Separation by Affinity

Solution of ligand is
added to column.

Protein mixture is
added to column
containing a polymer-
bound ligand specific |
for protein of interest.

Y
Protein of Q
interest

A

0 R

123456789 123456789
Unwanted proteins are Protein of interest is eluted
washed through column. by ligand solution.

Affinity chromatography



Separation by Hydrophobicity

Reverse phase chromatography
« stationary phase = Carbon polymer
* mobile phase = often water

IS

eltab00 in Struct

un Samples o =] 1)

jiagnostics  Help

dministrato

a5 System,

File Edk View Inject Actions Customize

4
% H|@|@| %k 2|l PRSI
20000
Sample Name: [2012_0217_1685_1525_3L_UL| |
Function: [Inject Samples =l | 5 1m0s
Melhed Set. [C4PROTO_CHIDZ10 20014 =
v [T =] Develop =] 0o
Methods t T T T T T T T T T T T
L = ooo 500 1000 15.00 20.00 2500 3000 3500 40.00 45.00 5000 5500
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Where is the Protein & How Clean is it?

1 2
i 1 1_f]
Electrophoresis ©
. . . Myosin 200,000 | GD
* Electric field pulls proteins
B-Galactosidase 116,250 ||
by Charge Glycogen phosphorylase b 97,400 | e
Bovine serum albumin 66,200 | w—
. . Ib i 5 —
* Gel matrix hinders Galbuin. WEOT0 X
. Carbonic anhydrase 31,000 || e U::;:;’;"
mObIIIty Soybean trypsin inhibitor 21,500 || = s
Lysozyme 14,400 || e 2 S
— proteins sorted by size and :
1
® 1
Shape M,  Unknown P l 5 :
(a) standards protein (b) Relative migration
fg::gse?;maples of Biochemistry, Sixth Edition
©2013 W. H. Freeman and Company o ~
g 8
o F £ o & &
b&\\ < g'q' §HEE
g & & o* S P
o &P LY & D
¥ I8 F¢f e
o CF I FT &FEFS
m, F ¥ § 4 8§ 7 & q
standards [
97,400 —| s .
i | / = .
” : O U*WUL{UUU O | Direction 66,200 — ; 20
: : of - —
| - 2 Sample Well 2 migration 45,000 m —- g‘- —_— e
® .o. 31,000 - | e -
- ... “o 8 ” 5 :
i° 1

21,500 —| v
\ 14,400 - .

Figure 3-18b
Lehninger Principles of Biochemistry, Sixth Edition
©2013 W. H. Freeman and Company




SDS PAGE: Molecular Weight

* SDS - sodium dodecyl sulfate — a detergent

ll
Na®* O —ﬁ—o_(CHz)nCHs
(o)

Sodium dodecyl sulfate
(SDS)

* SDS micelles bind to and unfold all the proteins
— SDS gives all proteins an uniformly negative charge
— The native shape of proteins does not matter

— Rate of movement will only depend on size: small
proteins will move faster



Isoelectric Focusing: pl of a protein

A protein sample may be applied to one end of a gel

strip with an immobilized pH gradient. Or, a protein

samplein

a solution of ampholytes may be used to rehydrate a
dehydrated gel strip.

An electric field is applied

@ ®
) , - - '

pH9 ———  Decreasing p| ——— > pH3

After staining, proteins are shown to be distributed
along pH gradient according to their pl values.

Isoelectric focusing + SDS-PAGE

Protein sample

Separate proteins in first
dimension on gel strip
with isoelectric focusing.

Gelstrip | pH9 > pH3 |

Separate proteins in
second dimension on
v SDS-polyacrylamide gel.

Decreasin

Decreasing pl —

2D electrophoresis:




Spectroscopic Detection of
Aromatic Amino Acids

6 |-
Tryptophan

Aromatic amino acids absorb light in 5 1
the UV region
Proteins - UV absorbance max 275— §
280 nm =

o 3|

v

2

<
W and Y = strongest chromophores 5

Tyrosine
Beerslaw: A=c¢-cl :
Phenylalanine
0 e ——— ] | |

230 240 250 260 270 280 290 300 310
Wavelength (nm)



Protein Sequencing

Protein sequence - essential for many biochemical
investigations

sequence typically determined by DNA sequence
Edman Degradation (historical method)

— Successive rounds of N-terminal modification, cleavage, and
identification

— Can be used to identify protein with known sequence

Mass Spectrometry (Modern method)

— MALDI MS and ESI MS can precisely identify the mass of a
peptide, and thus the amino acid sequence

— Can be used to determine post-translational modifications



	Slide 1: Nucleic Acids and Molecular Biology Part II
	Slide 2: Review of Intro Biology
	Slide 3: Review of Intro Biology
	Slide 4: It’s Crowded in There!
	Slide 5: Central Dogma
	Slide 6: Genetic Code
	Slide 7: Why is this Useful?
	Slide 8: Polymerase Chain Reaction (PCR)
	Slide 9: Example: Designing Primers
	Slide 10
	Slide 11
	Slide 12: General Primer Design Principles
	Slide 13: Example: General Approach
	Slide 14: Other Calculators: GeneRunner
	Slide 15: Other Calculators: Phusion Calculator
	Slide 16: Protein and Expression Plasmid (pET-15b)
	Slide 17: Successful Mutagenesis Primers
	Slide 18: Recombinant Protein Production
	Slide 19: Bacterial DNA: Features
	Slide 20: The Lactose (lac) Operon
	Slide 21: The Lactose (lac) Operon
	Slide 22: Bacterial Expression Vectors
	Slide 23: Inducible Expression
	Slide 24: When Should I Induce?
	Slide 25: When Should I Induce?
	Slide 26: How to obtain sample?
	Slide 27: Overview: Recombinant Protein Production
	Slide 28: Overview: Recombinant Protein Production
	Slide 29: A mixture of proteins can be separated
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35: Where is the Protein & How Clean is it? 
	Slide 36: SDS PAGE: Molecular Weight
	Slide 37: Isoelectric Focusing: pI of a protein
	Slide 38: Spectroscopic Detection of  Aromatic Amino Acids
	Slide 39

