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Why Detect and Quantify Proteins?

Pathways in Human Cancer

Transcription > Translation >

Central dogma of molecular biclogy

1. Diagnosis e.g. biomarkers

2. Prognosis e.g. clinical outcome,
disease monitoring

3. Treatment e.g. targeting functional
proteins for therapeutic purposes




Why Detect and Quantify Proteins?

Oncogenic / Tumour Promoting
Increased in cancer vs. normal

receptor HER2 on making the cell sensitive to growth

There are few copies In breast cancer, changes in DNA
of the growth factor may result in many receptors,
normal breast cells. factor stimulation.

Tumour Suppressive
Decreased in cancer vs. normal

In normal cervical cells, RB In cervical cancer, a virus makes
protein acts to inhibit cell a protein (E7) that inactivates RB,

cycle initiation. so the cell cycle can proceed.

LIFE: THE SCIENCE OF BIOLOGY 11e, Figure 11.23

© 2017 Sinauer Associates, Inc.



Methods of Protein Detection

Western Blotting




Western Blotting: The Theory

....Identifies proteins using specific antibodies that have been separated from one
another according to their size by electrophoresis’

Factors usually affecting
electrophoretic mobility:
¢ Size

* Charge

A




Western Blotting: The Theory
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1. Anionic detergent, commonly SDS
: * Disrupts protein structure into a linear polypeptide
) : * |mparts uniform negative charge
) eeilenis. 12, Reducing agent e.g. DTT, B-mercaptoethanol
’ .« Disruptdisulphide bonds

Quaternary structure
complex of protein molecules

* Proteins separate solely based on their molecular weight *




Western Blotting: The Theory

Polyacrylamide Gels

Protein mixture




Running a Western Blot
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[ Sample preparation] [ Block membrane ]

XX XX XXX
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[Protein quantification J

n and washes

{ Immunodetectio }
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{ Load a gel J J wwou: [ Image and analysis}
: Direction of
{ Run the gel_ J L* ___________ migration
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[ Transfer to a membrane blotJ

cathode

PA gel
& nitrocellulose




Properties of a Protein-of-Interest

Nucleus
Nuclear pore
Chromatin
Nuclear envelope
Nucleus
Nucleolus

Peroxisome
Microtubule
Lysosome

Free Ribosomes
Mitochondrion

Plasma membrane
Golgi vesicles
(golgi apparatus)
Ribosomes
Rough endoplasmic reticulum
Smooth endoplasmic reticulum
Actin filaments

Cytoplasm
ecretory vesicle

Centrosome
(with 2 centrioles)

Intermediate Filaments

1.Size
2.Function
3.Cellular Localisation

4 .Expression



Step 1: Cell Lysis




Cell Lysis: Things to Think About

Objective: To break apart a cell and solubilise its constituent parts (including proteins
within) to form a cell lysate

1. Protein Localisation

Supernatant 1; 59 Supernatant 2; Cytosol

LLW-SPEED
CEMTRIFLMGATICN

HIGH-3PEED
CENTRIFLGATIOMN

:

HIGH-SPEED
CEMNTRIFLGATHON

FLURIFICATION SPIM

Cell Pallet 1 Pellet 2 o
homaogenate md:‘rhnhnrgletal Initial microsome Microsomes vialed
» R pellet at 20 mgdml
proteins |2

2. Required state for desired experiment



Cell Lysis: Things to Think About

Inhibitor Cocktails: Slowing Sonication: Using sound
down cellular processes e.g energy to mechanically shear
dephosphorylation cells and increase yield




Cell Lysis: Things to Think About

Contaminants negatively affecting Western results

B

-
N
Complex
/ .
protein

K lysates /

The more care you take, at every step, the nicer your Western blot will look.
Masashi Narita, 2015 and 2016 and 2017 and 2018....




Typical Sample Preparation from Cultured Cells
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Keep aliquot for

protein assay

_ Carefully aspirate
(typical ~5mg/ml)

supernatant into a
pre-cooled clean tube
(discard any pellet)

Spin max speed at
4°C for 20 mins to

Freeze rest of sample pellet cell debris

(-20°C or -80°C)

W/*v- z ‘-.- 1 v .
: b |
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~6 x 106 cells Wash with Scrape cells  rransfer to pre-cooled Spin to Remove
ice-cold pBs  into ice-cold PBS eppendorf tube P supernatant and
(~1 ml) pellet Ocells resuspend pellet in
at4°C ~500ul ice-cold
lysis buffer +
inhibitors
%

/ | ,
y <

Sonicate sample

Agitate at 4°C for on ice
30 min (3X1OS)




Typical Sample Preparation from Frozen Tissue

yf?
‘( Add pre-cooled lysis buffer

+ inhibitors (~300ul / 5 mg)

Frozen

_ Homogenise
Tissue

(e.g. using Precellys)

Keep aliquot for
protein assay

(~150mg wet brain <
tissue =~15 mg 2
protein)
Carefully aspirate
Freeze rest of sample supernatant into a
(-20°C or -80°C) pre-cooled clean tube

(discard any pellet)

Agitate at 4°C for
2 hours

Spin max
speed for 20
mins at 4°C to
pellet debris




Step 2: Protein Quantification

I

HHH




Methods for Protein Quantification

1. Colorimetric Assays 2. Fluorescent Qubit

Typical BSA standard curve

Abs (750nm)
[E=Y
[ ¢ I N

o
]

o

0 0.5 1 15

BSA concentration (mg/ml)




Protein Quantification: Things to Think About

Protein degradation with long-term storage

_Lamin B1 degraded

2 months

storage GAPDH intact
at -20°C




Step 3: Loading a Gel




Preparing Samples for Loading

1. Add loading buffer to samples

2 x Laemmli buffer
component

Denaturing agent

0)
USRS (disrupts 3D structure)
10% Beta-mercaptoethanol or Reducing agent
dithiothreitol (100mM) (breaks disulphide bonds)
Increases the density of the sample to maintain the
0)
20% glycerol sample at the bottom of the well
To visualise protein migration (dye is anionic and
0.0004% bromophenol blue small so it migrates the fastest to provide a ‘dye

front’
0.125M Tris-HCI To provide a pH buffer



Preparing Samples for Loading

2. Heating 3. Vortex




Preparing Polyacrylamide Gel

Cross-linker
Acrylamide Bis Folyacrylamide
CHo= CH + CHap= GH ——> — CHs— CH_CHE—CH_CH2={|3H_
|

L'Il 0 ? 0 C=0 c=0 c=0
NH- NH NH- NHa NH
?HE éH:
NH |
NS R
CH.= CH | |

I
— CHz— CH—CHo— CH—CH,—CH —

+ Ammonium

Persulphate (APS,
initiator) Pore size determined by

1. Total amount of acylamide present (%T)
+ TEMED (catalyst) 2. Total amount of cross-linker (%C)




Gel Options
- Typical migration patterns

Tris-Glycine Separation of medium to

high MW proteins
Tris-Hepes Separation of medium to
high MW proteins 2k
m 6 XD - 66 kDa. v’ :—:':T:
B N —
Bis-Tris Separation of small to e I 3
medium proteins (1- - i e B
20 OKDa) __§“° ij:’l“‘r‘ = 21k0n > ~57%0a
Manually poured : =
Tris-Tricine Separation of small | = . R | e
proteins (<20KDa) — |
Sizes (mini, midi, iy i o il
Tris-Acetate gels Separation of large large-format) o MJ
proteins (up to 400KDa) * Single N o I e P
percentage e —
(e.g. 10%)
Native gels Separation of proteins in e Gradient gels . _ .
Sl e SR (e.g. 4-12%) The smaller the size of protein, the higher the

percentage of acrylamide you will need to slow
All require different running buffers it for sufficient resolution



Standards for Comparison

1. Molecular weight marker 2. Loading controls
— 250 kD
:
B VY weight (KDa)
. R -— — 75 Beta actin Whole cell/cytoplasmic 43
P -—— o — 50 GAPDH Whole cell/cytoplasmic 35
——— Tubulin Whole cell/cytoplasmic 55
— -— — 25 VDAC Whole cell/Mitochondrial 31
i [ ] I s e COXIV Whole cell/Mitochondrial 16
e - 10 Lamin B1 Nuclear 38

Kaleldoscope Dual Color All Blue Unstained



Actually Loading the Gel

Well Types Maximum Load
Volume
=1 0mm |700uL
2051 ) mm | 400 L
15mm |600pL
10mm |7 cmIPG Strip
1.0mm |28nL
Co31.0mm | 25uL
1.5mm |37nL
G 1.0 mm | 20 L
Wq v 1.0 mm 15uL
1.5 mm 25pL
e 1.0 mm | 15 pl

111"

\



Running the Gel

Appropriate voltage
(generally voltage limit)

Cathode

Well

Larger

(high MW) ‘
protein

iy

n 11 ir
1 1 1ir
Hr 11 =

il i

Smaller
(l ow M W) ..":‘-_;-_-;:.-,-:.. :
protein [~

I

——

[ Stop before dye
front runs off

Buffer
appropriate
for gel

Buffer

Gel

Protein band

— Anode

BioRad

Transfer immediately to avoid diffusion!



Step 4: Transferring

drea mfbc?m e.com ID 121481646 © Piyamas Dulmunsumphun



Setting up the ”"Transfer Sandwich”

Typical transfer setup Remember membranes
bind proteins!

Blot pad + PLEASE

Blot pad Anode
&

Filter paper 4
~ Membrane Current
Gel
Filter paper

Blot pad - DO NOT
Blot pad Cathode TOUCH




/ Full Wet N

* Method of choice for
transferring large proteins
(>150kDa)

* Transfer in approx. 1.5L of
cooled transfer buffer
either for 1.5 hours (with
ice pack) or overnightin a

K cold room. J

Options for Transferring

f Semi-Wet

* Uses less buffer than full
wet and is good for
transfer of proteins of all
molecular weights (except
very heavy)

* Transfer in approx. 200mi
of cooled transfer buffer

&for 1.25 hours. /

/°/ Faster transfer (~15- \

60mins) but not as
efficient and cannot
transfer large proteins
(>150kDa).

* Low buffering capacity
means its no good for
prolonged transfers.

7o

\K Prone to current Ieakagj

K buffer.

N

* Very quick (~*7mins) and
efficient transfer of
proteins under 150kDa,
but loses efficiency for
proteins larger than this.

* Produces well resolved

e

* No need for transfer




111l

Staining Proteins on Membrane

Ponseau staining of membrane

Membrane can be PVDF or
nitrocellulose — personal choice, both
work, various options available for

both e.g. pore size



Step 5: Immunodetection

7 A‘h’l‘ﬂ \
Antodies! Nooo! )

S

T

.

c" -

(ol art0ems net



Blocking the Membrane

Typical block buffers:
e 5% non-fat milk
1% Casein

e 2-3% BSA
* Non-mammalian block buffer

Made up in the same buffer as antibody




Probing with Antibody

Antigen

Antibody

.

Typically use a primary-secondary combination:
* Primary for antigen detection
* Secondary for visualization e.g. HRP



Antibodies: Polyclonal vs. Monoclonal

<

<

 Several different antibodies * Asingle clone of an antibody
recognizing different epitopes * Recognises only one specific epitope

« Usually more sensitive on the protein-of-interest

 Usually more specific




Grand Master Tips

Your Western will only be as good as your primary antibodies!

Check for pictures, references, recommendations etc.

Try to use antibodies that have been tried and tested for Western blotting (some
antibodies only work in IHC where epitope is in its native form)

Typically dilute antibodies in block buffer + 0.1% Tween for incubation overnight
at 4°C or 1 hr at room temperature

Use arocker to ensure homogenous covering and even binding over the
membrane.

Time required will be dependent on the binding affinity of the antibody for the
protein and the abundance of the protein

If possible use a lower concentration of antibody for longer periods to improve
specificity.

Important to wash after antibody incubations (PBS + 0.1% Tween or TBS + 0.1%
Tween), 4 x 5min



Grand Master Tips

Concentration of primary to use

* Typically around 1:1000 (Can vary from 1:100 - 1:100,000!)

* Use application sheets for a recommended dilution to start with, but
empirically determining concentration may be necessary to optimise a blot.

* ldeally do a dilution series to find optimal dilution

* Too little antibody will lead to a lack of signal.

* Too much antibody will lead to the appearance of non-specific bands

For multiplexing, use primary antibodies derived from different species




Step 6: Imaging




Options for Imaging

Least sensitive Equivalent sensitivity
oo (COmmRRRnee ) (L FurBRERREaID
Eubatrata Substrate
u.r
r Light

F‘rudu::t

_A__A__A_

L L

_ Camera Fluorescent
[EY eyel (&> } [ Imaging Systems } [ scanners

|




Subatrate

G... Colometric Imaging

4N\ - i

H Hs
LI
H3C CH3

3,3’,5,5’- Tetramethylbenzidine (TMB)

S @y S .. ———— E

: Advantages: : Disadvantages:

* Cheap, quick and easy to use * Low sensitivity

:» No specialist equipment required * Requires high expression
.......................................................................... . Cannot multiplex




Bubs

G- Chemiluminescence-Based Imaging

)Q Pierce Substrates Advanta ges:
/\ * ECL System :

: * High sensitivity (and many
e Supersignal West Dura substrate options to adjust)

(Extended duration) -+ Routinely used
* Supersignal West Femto o Widely accepted

* Supersignal West Pico

AuARIsuas
buispauf

: Disadvantages:

: » Not fully linear, signal saturates
i« Signal not infinitely stable

i« Cannot multiplex

or




Laser

Fluorescence

Fluorescence-Based Imaging

Spectrally distinct fluorescent dyes for WB

' Spectrally-distinct fluorescent dyes

Span the visible to near infrared range

* Li-Cor Infra-red dyes
* Dylight dyes

* AlexaFluors

* ECL Plex antibodies (Cy3/Cy5)

\* Qdots




Laser

i Fluorescence-Based Imaging
Fluorescencex i XSubstrate Advanta ges:
. * Wide linear dynamic range, good for quantification
/&Q  The most sensitive method
A Target A

* Signal infinitely stable (though light sensitive)
* Multiplexing capabilities
Disadvantages:
: » Requires the most specialized equipment and reagents




Step 7: Quantification & Analysis




Quantifying Western Blots

Western blotting is inherently a qualitative technique!

NLS-mV-

P2A- NLS-mV-
ER:RAS P2A

40HT 100nM dO d1 dO d1

Anti-RAS Antibody

Anti-GFP Antibody

%

ER:RAS |

mVenus

b-actin

———

a-—"/

150 kDa

100 kDa
75 kDa

50 kDa

37 kDa

150 kDa

100 kDa
75 kDa

50 kDa

37 kDa

Western blotting is an art IMR90 Cells
Maike de la Roche, yesterday EGEP- EGEP-

Anti-RAS Antibody

EGFP-  EoA-  P2A-
E2A  ER:RASER:RAS

40HT 100nM dO di dO di1 dO di

uncleaved EGFP - E2A - ER:RAS J—

ER:RAS -— ..



The Importance of Linearity

Chemiluminescence (with film) ECL (digital camera)
10000000 -
10000 - . °®
S ./; 4? 15 1000000 . ° E,ﬂ m i“
- »— P
X 1000 - A~ 8 g ] *
: e Pl e © o s 0
2 ’ o, / > | (]
E o0 | ,.—'r! / :.: 3 Dsizc = 10000 . ®
E . . - i —@— 1800 sec 1000 -
10 T T | 100 . . . S
0.0001 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Protein Amount (ug) Protein Amount (ug)
Osec Fluorescence (digital scanner)
® :9_ ® ¢ o o
1800 sec 0
> 100 Q..‘.
2 °
L L I g w ,0‘.
60 sec 3 o°
e 9'e ¢ » g ‘.
- g | °
® & o 9 |.-.-... _ E 01 ‘.0
oy B 0'n()).loooom 0.0(;001 o.o'001 o.(;01 o.'01 Ojl 1 1'0

= = ¢ Protein Amount (ug)



Normalisation and Loading Controls

Ensuring that quantification is not due to:
1. Lane differences e.g. if sighal is better in one lane
2. Loading differences

Signal from Protein-of-Interest

Sample Signal =
Signal from Housekeeping / Total Protein

Housekeeping protein
(Red)



Absolute Quantification

atl est ahd
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Requires purified protein of your target protein, and a standard curve on the same blot



Analysis Software: Options

// . y- & Imaged E
[ Licenced J { Freel J 1
ImageQuant ImageStudio
: e -- Image J
P “.y N :
i‘ r"rﬂnovvv-- ! -
il e .
sl i b
| ‘ i |
:,- \\ N - S | I
' Require 16 bit ‘ Generated from \‘ ’ Wizard-based | . "
tif files digital camera or : software ery basic
scanner |

Manual analysis 1
software ’ ¥ )/




Analysis: Pitfalls

Band boundaries

 Can be tricky — especially if bands are close together
* Depending on downstream analysis factors e.g.
different sizes of quantified area may affect

Saturation —remember linearity is key!

* NOT POSSIBLE to quantify saturated samples
SEmEERmm"" | .« some analysis software integrate saturation detection

e  Others don’t (need to use image analysis software to
check this beforehand)

\

Same bilot showing saturation



Analysis: Pitfalls

Background subtraction

(2] [4] [6] [8] [0 [12]
[1] 21| 8] [7) [2] | [i1] [13]

* Varies from lane to lane
* “Rolling background” recommended

1 1 1 1 1 1 1 1
0 100 200 300 400 S00 GO0 Foo a00
Pixel Position

Replicates, replicates, replicates!!



ELISA: The Theory




Capture

.... of analyte and
antibodies

Key Steps

Blocking Washing

.... to prevent non- ....toremove
specific binding of unbound materials
your analyte or from the wells

antibody between steps

Detection and
quantification

.... [o measure your protein

signal




Different Types

Direct ELISA Sandwich ELISA
—— = [ £ % E——u% =
_A _A . 'fno . 'ﬁo
S o —— & doj o qﬁ\\/ TS —
Indirect ELISA Competitive ELISA
@ ] @ ® =@ @ ® & @
:_ __——_ ,:_J _—__j @ o © ] ® ] ® 0 @
2 ‘IQ TEY Yl Y YT
Lj @ L}J @ YYY Y Y
.Y. .Y. Eas .Y. .Y. $ -:.YO
§ enc s -



Capture

Capture onto high-binding microtiter plates

Typical microtitre plate used

Colorimetric Clear
Chemiluminescence Black or white
Fluorescence Black plates

Typical coating conditions:
* 50-100pl perwell
 Antigen/Abconc 1-10 pg/ml

* Incubation overnight at 4°C or 1-3 hrs
at 37°C

* Typical coating buffer = bicarbonate
buffer (pH9.6) or PBS



Sample Preparation — Not Just Lysates!

/Consider sample\

matrix and purify if
needed (e.g. lipids [
carbohydrates can
confound analysis)

@ Analyte ( Other Components

/

/Consider biosafety\
level of samples

Biohazard
Containment
Level 2

¥ Breath

Cerebrospinal fluid _
-"' =~~~/ Biood
o I‘

jf'fj;_ Doty [luits. 1
l
Nipple aspirate flu Id ~ 3 -_Gt),/’
semmal fIBm:y . T i S S u e
Food stuffs homogenates

Samples analysed by
ELISA vary extensively......

1 &

Cell lysates

(e.g. milk)

Enwronmental
material
Cell culture
supernatants

e Sample preparation will vary depending on material
 Handle carefully to maintain sample integrity

Avoid free-thaw cycles

JJ

- /

/Aliq uot sampl%

ey By

— -

=TT

- =, .-\:"‘"- M N

__




Experimental Controls

Wavelength correction: corrects for changes in background correction
Non-specific binding control: wells containing no analyte. Subtract form all data
points (blanking)

Secondary / detection antibody controls: Evaluates secondary binding the absence
of primary / capture antibodies

Total activity controls: substrate and enzyme incubated in absence of everything
else to ensure no non-specific signal



Comparison: ELISA and Western Blots
.| EusA | WesternBlot

Format/ capture Microtitre plate SDS-PAGE and membrane binding

Readout Single number Image with molecular weight bands

Quantitation Absolute quantitation (using standard curve) Semi-quantitative

Optimisation required Extensive if from scratch, less if commercial Some usually required

Sample throughput High (typically 96-well) Low to medium (although ‘In-Cell
Westerns’ are higher throughput)

Versatility Excellent Less versatile

Detection Colorimetric, chemiluminescence and fluorescence

Ease of technique Quick and easy once set up Some skill required

Time taken to complete Typically a few hours Longer: typically 2 days

Specificity Generally less specific Generally more specific (can see non-

specific binding)

Sensitivity Extremely sensitive (amplification methods): Generally less sensitive
Low fmole levels



Key take-home message..........

Western blotting and ELISA and are
complimentary methods and both
have their place in research!




,-..,% CANCER
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