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Nucleic Acid Extinction Coefficient

DNA Concentrations: Often
measured in ug/mL (or the
equivalent ng/ulL) instead of
M, mM, etc. Also sequence
isn’t exactly known in many
cases.

Rule of Thumb: For double-
stranded, plasmid DNA, the
extinction coefficient at 260

nm is

0.020 (pg/mL)*cm™

Source: www.jascoinc.com
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DNA vs. Protein Absorbance

DNA Concentrations: At 260 nm, double- Protein Concentrations: At 280 nm, the

stranded DNA has an extinction GB3 protein has an extinction coefficient
coefficient of (in equivalent units) of
0.020 (pg/mL)*cm™ 0.0016 (pg/mL)tcm?

Which is more sensitive?

What are the implications?

Other Values for Long, Randomized
Sequences

* Single-Stranded RNA: 0.025 (pg/mL)* cm?
* Single-Stranded DNA: 0.030 (pg/mL)* cm?

* For a pure nucleic acid, the 260/280 nm ratio
should be approximately 1.8-2.0

6/6/2021



Nucleic Acids — Smaller Molecules

OligoAnalyzer

e [T TOATTITIITD et GEITED
CGAAGA ACAGGA AGC GGAATT TAR AGA AG pecsheet (Default L m
SELF-DIMER
Target type -

Oligo Conc 025 MM NCBIBLAST
Na*Cone so | MM TM MISMATCH

Bases 29 CLEAR SEQUENCE

Try the new batch mode here Mg Canc o mM ADDTO ORDER
dNTPs o | mM
Conc

* IDT DNA Analyzer (extinction coefficient, Tm):
https://www.idtdna.com/pages/tools/oligoanalyzer
— Need to log in, create an account (free)

Calculating Reverse Complement

Reverse
Complement

Reverse Complement converts a DNA sequence into its reverse, complement
or reverse-complement counterpart. You may want to work with the reverse-
complement of a sequence if it contains an ORF on the reverse strand.

Paste the raw or FASTA sequence into the text area below.
>Sample sequence
GEEGazaassaatttatatat

® Convert the DNA into its -

home

* Bioinformatics.org Calculator (no-frills):
http://bioinformatics.org/sms/rev._comp.html

Source: www.jascoinc.com 6
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DNA Translation Tool

e Site:
http://web.expasy.org/translate/

* Input: DNA or RNA sequence (5 =2 3’
orientation)

e Output: All six possible translation frames

Other Databases

* NCBI Databases work for DNA sequences, too
(reference sequences start with NM )

* PDB also houses a number of RNA/DNA
structures in addition to proteins
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Think And Discuss

How can these databases be used to make your
lab work easier? What are some practical
examples?

DNA “Melting”
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* Two strands come together:
— How much work can be done?
— Which side of the reaction does temperature favor?

10
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Thermal Melts

* Adding heat favors highly random systems,
DNA will separate at high temperature

— Secondary and tertiary structure is lost, primary is
maintained

* What will affect the melting temperature?

11
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Predicting Melting Temperatures

* To calculate T, add 4 °C for each G-C pair, and
2 °C for each A-T

— Not terribly accurate

* Example: GCCCTGAAGGTCAAGTCCCCC
—14G-C=56°C
—7A-T=14°C
— Prediction is 70

12

12
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Predicting Melting Temperatures

IDT OligoAnalyzer:

https://www.idtdna.com/pages/tools/oligoanalyzer

Input: Your DNA sequence of interest, salt
concentration

Output: T, extinction coefficient, %GC
content

13
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Predicting Secondary Structure

mfold Web Server:
http://mfold.rna.albany.edu/?g=mfold

Input: RNA/DNA sequence

- 8000

G-A,
Output: o ¥
e-8, ux CG,‘ﬁ, yu
e

8
oo
“oo*

14
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Example: HIV TAR RNA

* Trans-Activation Response Element — Binds
with a protein (Tat) to promote viral
transcription

* Sequence:

GGGUCUCUCUGGUUAGACCAGAUCUGAGCCUGGGAGCUCUCU
GGCUAACUAGGGAACCCAC

15
15
Why is this Useful?
y IS this Usertul:
. . ¥ The Nobel Prize in Chemistry 1993
° Slte'Dl re Cted Kary B. Mullis, Michael Smith
The Nobel Prize in Chemistry 1993
Mutagenesis
* Good Primers:
o
-T,>78°C(2mM
MgCl,, 50 mM Nacl)
— GC content > 40% s
N

— NO Seconda ry stru Ctu 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

16
16
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Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction

2
g Original double-stranded DNA k“'?‘} —l
GV i Y e
- Denatre ‘ T
‘-N o anncet primers j
1 copy s jil T

-
U.UJJJJJJJJW -
v‘mmauuwwﬁ v TR T ;»Tim

ow svands

8 copies

] y

Millions and millions of copies

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

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

17
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Example: Designing Primers

AgilemTechnologies Genomics English » | United States | Confact Us | Logout = My Account | Quick Order | g Cart/(0)

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

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

7 Help

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 aptimal melting temperature. Read Help for more
information about the program

B Expand Help

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

http://www.genomics.agilent.com/primerDesignProgram.jsp 18

18


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

6/6/2021

PRODUCTS & SERVICES  CROSS! SUPPORT  LIBRARY INING & EVENTS ~ BUY

1. It 1s recommended that you clear this form prior 10 10ading sach new sequence:

1 s oo ety

i Help In chossing @ mutagenasi kit

ngas: -
2. Find your DNA sequence by pressing

Load a file romm your nard-arive: § Or, paste plain fext or FASTA-formatled DNA sequence in the box below:

o setns =

aCatcatacageaga

4 Losa it
[ uptoaa vow TR Upload Transiatea
‘or specity a DNA region 1o transiats from o Upioad Translalod Ragion

5. Select Up 10 Seven nucleolides hat you want 1o change @

Sita 1 Ste 2 ste 3 sne 4 EE] ste6 ste 7
DHA: change nucleslideis) to: o p [l - pm 7 = - <= <~ =
Dslsto a ragion betwoan fwo checked nucieatidos (Nota: twa checked nucieatides will not be delstad)
Insent batwoen fwo chocked mucisolioes
1a 2t 3a 4g 5a 6t 7a ' sa
i0g a 12e 138 14 158 18e i7a e
19a E 1 21a 22t e LR ET] #®a e
2a 294 wa ant R2a e a g g
7a g g w08 arg ag 43a aat aa
a6 a7a anc 490 s0g s sz 58 84t
s s®a 7t 88 sc 6a sig a2e &a
sig a2

Finally, obtain your designed primer sequences.

Gioar this form o load 3 new sequence:

PRODUCTS & SERVICES CROSSLAB  SOLUTIONS SUPPORT  LIBRARY  TRAINING & EVENTS  BUY

nsert batween two checked nucleotides

Dat O3a Oag O7a Oat DOoa E
O1a O1z2e O13a O D1ec Di7a Cst
C20¢ C21a O 22t O2sc O2sg (262 Oa7g
Ozt Cs0a Cart [32a [saa Casg Dasg
Ossg Osog Odpa Oaig O43a Oaat (asa
Da7a Dasc Daga Osog Osoc Ossa Osat
Osea Os7t [ssa Isgc Ce1g Cezc [e3a
Cesa
Finally, obtain your designed primer sequences.
Glear this form to load a new sequence:
Primer sequences:
[Primer Name Primer Sequence (5 to 3)
S-atcatcctcciglatatgteggatgtatgtotgtotatate-3'
. .
Oligonucleotide information:
[Primer Name Length (nt) Tm Duplex Energy at 68 -C Energy Cost of Mismatches
41 78.60°C ~45.55 koal/mole 3.06%
ac_ 41 78.60°C -49.02 kcal/mole 3.83%

Primer-template duplexes:

[Primer Name Primer-Template Duplex
gatatagacagacatacatcagacatatacaggaggaggataca

3'_ctatatctgtetgtatgtaggotgtatatgtectectocta-5"
5'-gatatagacagacatacatccgacatatacaggaggaggat-3'
la24c_
zz7ctatatctgtctgtatgtagtctgtatatgtcctoctoctatgt

10



e Considerations:

— GC Content: 40-60%

General Primer Design Principles

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

— Melting Temperature: Should be 52-58 °C

— Length: ~30 bp (but longer can be okay)
— Secondary Structure: Avoid if possible

* Lots of software exists (some costs SSS). For more
information (some trial and error here):
https://goo.gl/4EwMG3 (Life Technologies)
http://www.premierbiosoft.com/tech notes/PCR Primer Design.html

21

Exact and Single Base Mismatch DNA
Thermodynamics

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

Additional
Target
Base

Hybridization Temperature

®Use Exact Complement T,,
OUser Defined

Target Concentration

Example: General Approach

SELF-DIMER

HETERO-DIMER

Additional TM MISMATCH

Target
Base
3

l

-5

ADD TO ORDER

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

22

22
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Other Calculators: GeneRunner

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

* Analysis = Oligo brings up
window to the right

* Suggested options shown to
the right
— Santalucia temperature &
salt recommended
— Check your specific dNTP,
DNA, Mg?* and salt
concentrations

() Oligo - K19E5_T7_LV0372_25seq

|CAACTACTATCGCTGTI'GATG CTGAAAC|

Q L L S L L ML K
CAACTACTATCGCTGTTGATGCTGAAAC
IGTTGATGATAGCGACAACTACGACTTTG

Frame +1 ~ sT[C=|[10 Cut Sites 1= 2
show [ 22-28 NANNNNC %

Mol ¥ 85405 <Sense Olign>  Swand  Type 3

e ‘ﬂﬂbmm, i

Filter T Length 28 O3 R

%GCTm 534 Search | Ediother | Swich |
GC+AT T B0.0 dNTP con (milli Mol) 050
nMolyAZED 38
ug/AZED w2
%G 429 | ivalent
a6 ET
oH, 2027
3 5270
3-pnd dG:
1 of 4 «© 3 - Sort Tm:| 423 dG | -08
@ Hairpinloops O Oimers O Bulge loops (O intemal loops () Metch sites
o

1l ]
3' CAAAGTCGTAGTTGICGCT
STEM AT 1 IS 4 BP LONG, LOOP = 10

Done Seve Neme Frint Defaults | Help | Tips
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Other Calculators: Phusion Calculator

Proguct Group
Phusion

Polymerasanit
Phusion High-Fidelity DNA Polymerase (HF Buffer)

Primer Coneentration (nM)
Frimer 1
CAAGTACTATCGCTGTTGATGCTGAAAG

Primar 2

GOATCAACAGCGATAGTAGTTGTTTCAH

Anreat st
67 °C
Why is this s igh?

20t
437, 6
Tim: 64°C

Primes 2
20t

8%, G
Tm: 66°C

* Some polymerases have their own calculator

specific to buffers, recommendations

* Phusion Polymerase found at NEB website

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

24

24
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GB3 Protein and Expression Plasmid
(pET-15b)

Bpu1102 I267)

EcoR e s
s [[E '/ e

ssptesin | | Hnd sy ~ Nde ks1)

Scaksiey, - .
sbigah o 2 3¢ WT GB3 DNA/Protein Sequence:

et st A

%‘*’“ i,
Bea karre) &

&

-6) L. EGDI HEMOQY KILVINGZ XKTTILZEK 13
Ak Y /&
/

1 Ghitaagaagoagatatacatatocagtacasattagtiatcaatqdtasaacattoasa 60
M k1216)
VB krz0) 4 g FE T TTKARVDAETS AZETEKSAETFEKG Q?TY 33

ey 61 9950220 aactactasagctqttatqctgagactacacasaaagcttteasacaatac 120

o PET-15b b
v (57089) [*=" 34 A N DNGVDGVWTYDDATE KTTFET 53
3 fossti ren 121  gcraacgacaacqgtgttoacagrgtitagacttacoacgatgcgactaagaccittaca 180
5 ~Hpa K1722)

BspLU11 Iaz0) 7

54 y I E *DPBAANEKHAEA

Sap I37oe) 181, gtiactoaataggatecagchactaasaaages 213
BaA1107 Is01) PshA k2061)
Acc k3540

BsaA Ias72) 7f > Eag 2284
Tt ke Okane
Y \ BspM 112309)
Bw‘mm:m‘ \ hragd
e ey

25
25
o .
Successful Mutagenesis Primers for
Primer Name Primer Sequence (5" to 3) &
K191-Fwd CAACTACTATCGCTGTTGATGCTGAAAC Parent L > fenl > Bme"a', A d
Plasmid /J amplification Digest Recovery Plasmid ,
K191-Rev GCATCAACAGCGATAGTAGTTGTTTCGC
Description

Primer Duplex

After Transformation:

" ~CAACTACTATC TGTTGAT:! TGAAA
K191 -Ewd/ 5/ -CAACTAC GCTGTTGATGCTGAAAC
Template PEEEEEEEE TR e et
p 37 ~TAACTTTCCGCTTTGTTGATGATTTCGACAACTACGACTTTGACGT

K101 -Rev/ | O T T Ly oonemes
Template CGCTTTGTTGATGATAGCGACAACTACG

K19I -Fwd/ CAACTACTATCGCTGTTGATGCTGAAAC

K19 -Rev CGCTTTGTTGATGATAGCGACAACTACG

* Annealing temperature used: 53 °C

26

26
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Think And Discuss

Compared to DNA, why is it harder to calculate
melting temperature and dimerization for
proteins?

27
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Example: Sequence Analysis of SH3
Mutants

» Step 1: Design Primers (for T22G)
— Agilent Web Program (we'll do this)

» Step 2: Do experiments, get sequence of result

» Step 3: Check sequence to see if mutation was
successful (we'll do this)

28
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Think and Discuss

What problems could arise when introducing
new mutations in to a known sequence?

29

Summary

* Advanced computational tools for nucleic
acids depend on two things:
— The simplicity of DNA primary structure (4 bases)
— The regularity of Watson-Crick base pairing

e Combining DNA and protein tools makes it
possible to perform very advanced sequence
analysis

30
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