Experiment 5

Quantitative Determination of Protein Concentration by

spectrophotometry

Introduction
To detect, quantify a particular type of molecule, it is necessary to have a method or
procedure for measuring it. This procedure is called an “assay” an example of which
is spectrophotometric assays.

The purpose of the protein assay (quantification) is to determine the amount or

concentration of a specific protein or an array of different proteins in a sample. Isolating

and detecting protein is used for many clinical and research processes or in a clinical

laboratory as part of a disease diagnosis (to quantify loss of protein, level of certain

enzymes or antibodies).

There are many different types of protein assay, and variations upon the major

techniques. Here we provide a simple overview of colorimetric reagent protein assay.
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 Spectrophotometry: . .. i s+

A spectrophotometer is an instrument that measures the amount of photons (the

intensity of light) absorbed after it passes through sample solution. With the

spectrophotometer, the amount of a known chemical substance (concentrations) can

also be determined by measuring the intensity of light detected.
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Light is often treated as energy wave. The wavelength is expressed by lambda A. And

measured in nanometre= 10° m). The transfer of energy from a photon to a molecule is

absorption. Light absorption may result directly from the intrinsic chemical properties

of the molecules of interest. Alternatively, they may occur indirectly as a result of

treating the molecules of interest with other compounds which react with them to create

new chemicals that exhibit absorption. The wavelength at which a substance has its

strongest photon absorption (highest point along the UV spectrum) is called Lambda

max (A max).
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Biochemical assays for biomolecules are usually based on absorption in the UV or

visible region. In this experiment we will use the ultraviolet-visible

spectrophotometer (figure 1), the'UV range normally extends from 100 to 400 nm,

with the visible range from approximately 400 to 800 nm (red to violet wavelength

range).
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Figure 1: Components of spectrophotometer

The total amount of light absorbed at any particular wavelength (the absorbance) is (;‘f‘f“jﬁﬁw
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interest; 2) the pathlength or distance through which the light must travel; and 3) the

determined by three factors: 1) the absorption characteristics of the molecules of

concentration of the absorbing molecule.

These factors are summarized in the following expression, which is

called the Beer-Lambert law:
A=log,o I,/It=ExCx| r ;
A=EXCXxL
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Where A is the absorbance of the solution, I, is the intensity of the incident light, and

Sample

Solution
(in Cuvette)

It is the intensity of the transmitted light; E is the molar extinction coefficient ; ¢ is the

concentration of the absorbing solute; and I is the pathlength of the light.

The concentration of the solute (c) is usually expressed in moles/liter (M) and the

pathlength of light (I) is expressed in cm. The molar extinction coefficient (E), also

called the molar absorptivity [epsilon (€)] is an intrinsic characteristic of each

molecule at a particular wavelength. It is numerically defined as the absorbance of a

1.0 M solution of the molecule of interest in a 1.0 cm light path. Because E has the

units of liter/(cm x mole) , absorbance itself is a parameter with no units. The larger

the value of E, the more a compound absorbs at a particular wavelength.
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The equation for Beer’s law is a straight line with the general form of y = mx +b.
A=(E]C
The general form: y = (m) x

Beer’s Law:
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where the slope, m, is equal to (El). In this case, the absorbances of different

concentrations of a standard substance is plotted against their concentrations to generate

a standard “calibration” curve.

-_

A calibration curve, also known as a standard curve, is a general method for

determining the concentration of a substance in an unknown sample by comparing the

unknown to a set of standard samples of known concentration (for protein assay,

sugar assays, and various types of assays).
You can find the slope and y-intercept of the linear graph to get the linear equation. By

measuring the absorbance of the sample of unknown concentration, you can apply it to

the equation to find the concentration (there is an example afterward).
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Calibration curve of absorbance against concentration using Beer’s Lambert law.
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Theoretically the Y-intercept should be zero for the Beer's Law Plot?

Because at zero concentration, there is no compound dissolved in solution, and the

spectrophotometer is zeroed using the blank before taking the measurements.

All light absorption measurements are made relative to a blank solution which contains

all the components of the sample solution except the substance being analyzed

But practically, you may have y-intercept, if the plot is not linear or if the y-intercept

deviates substantially from the origin, it indicates that the standards were improperly

prepared, that there is an unknown interference in the sample.

sample - blank = substance being analyzed

If we have two concentrations of the same solution, then they have the same molar

extinction coefficient (E), and the length path (I) is 1 cm in most spectrophotometers.
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> E X (st concentration) = E X | (2nd concentration)
» Ei=E
» A/IC 1= AlC;

Therefore, the absorbance/concentration relationship can be applied using the same

linear equation we got for the standard. Uslaall uds plasialy 35591/ o lazadl d8Me Bad Say welld)
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Xample:

A calibration curve was generated for a set of standard concentrations (mg/ml). The
slope for the line is 0.13 and the y-intercept is 0.018. using beers law, calculate the

concentration of an unknown sample, given that its absorbance was 0.5

Y = (M) X +yintercept if it's not zero
A=ENC

y =0.13x + 0.0108

0.5=0.13x + 0.0108

0.5-0.0108 = 0.13x

0.4892=0.13x

x=0.4892/0.013, x=3.76 mg/ml
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These assays are useful to quantify the amount of protein in a given sample. These are

fast and easy to perform, and do not require complex or hazardous chemicals. In these

assays, a reagent that specifically absorbs a specific amount of light is attached to a

specific protein, and then the amount of light is measured.

Two main types of colorimetric reagent protein assay
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« Bicinchoninic acid (BCA) assay. (BCA) et sSiuell oo Jlaas »

Compatible with samples containing detergents. Incompatible with reducing

1. Copper chelation and detection of the reduced copper

agents; chelators. oSl Jolge : 5591 Jolge o §8lgza yut labiie Lo gound Ll Sloll go 38loto

Assay range: (sample volume) 20 to 2,000 pg/mL, (25 UL). 2000 L1120 oo (2usll pon) s amill sl
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Incubation time and temperature: 30 min at 37°C o i 37 m(@;m o)

Assay measurement (absorbance maximum wavelength -A max): 540 nm.
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2. Protein-dye binding and associated colour change | ... oo
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(o0 20) Jo/ebios®e Incubation time and temperature: 5-10 minutes at room temperature, samples

Assay range (sample volume), 100 pg/ml-1,500 pg/mi (20 pL),

wlaslls)lh= d2 0 <85 Should not be incubated longer than 1 hr at room temperature.
8yl dx s 3 3382 10-5 .
Blas pie w183l Assay measurement (absorbance maximum wavelength-A max): 595 nm.
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Use of Coomassie G-250 Dye in a ‘colorimetric reagent for the detection and

guantitation of total protein was first described by Dr. Marion Bradford in 1976. Itis a

colorimetric, spectrophotometric quantitative assay to measure protein concentration.
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In an acidic environment, proteins bind to coomassie dye. This results in a spectral shift

from the brown form of the dye to the blue form. The optimal wavelength to measure

the blue color from the Coomassie dye—protein complex is 595 nm.
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Development of color in Coomassie dye—based protein assays has been associated with | """ " ™

the presence of certain basic amino acids—primarily arginine, lysine, and histidine-— = < %! 21!
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Figure: Reaction schematic for the Coomassie dye—based Bradford protein assays.

Free amino acids, peptides, and low molecular weight proteins do not produce color

with Coomassie dye reagents. In general, the mass of a peptide or protein should be at

least 3,000 Dalton for quantification with this reagent. =" o312l Slidssdls Slucdls il £l pladl 7o
— glecd_S 'QSJ‘JLA}_J?LC\S.LAJ Msf&.a;hugf&obglﬁﬁmﬂl

sl e plasiaaly LaSl Galll J831 e ool 3000 ool
Bovine serum albumin (BSA) which is used to generate the standard curve has a

molecular mass of 66.5 KDalton and is used because it is widely available in high purity

and it is inexpensive. 66.5 b3ylnall s clasy pasiruall (BSA) 3! as caosdd aiadl 3ol ales
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The main disadvantage of Coomassie based protein assays is their incompatibility with O
surfactants/detergents at concentrations routinely used to solubilize membrane proteins.

In general, the presence of a surfactant in the sample, even at low concentrations, causes

precipitation of the reagent. In addition, the Coomassie dye reagent is highly acidic, so

proteins with poor acid-solubility cannot be assayed with this reagent. —©
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Experimental procedure:

Materials

Unknown sample
Micropipette (P-1000, P-20)
Tips

BSA standard 5 (125 pg/ml)
BSA standard 4 (250 pg/ml)
BSA standard 3 (500 pg/ml)
BSA standard 2 (1000 pg/ml)

- 6 Eppendorf’s N
- Cuvette - BSA standard 1 (1500 pg/ml)
- Distilled water - Spectrophotometer
Eppendort 4 y a ¥ \“"j‘l
dl IS
| [ L0
} | } 45mm
| l) \ | L
Cuvette
Method
1. Label each Eppendorf with the concentration of the {:
Gysuisl wesl IS e iala oo 1 Standard/ sample on the cap or the lateral side. Then: V ’-;-f;;
el e dgall/slunall 3535 b | =58
o eyin 20 wiol et a5 Add 20 pl of each standard to 1000 pl Bradford reagent [ =1

;.A)—"'J9)5-.‘.—‘° 1000 \_}'”)Ln"iﬂ JS
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in an Eppendorf and mix by flipping upside down (mix

by inverting the tube smoothly, do not shake vigorously

8 gayb e blsl) Cae e
13 9 B9y azy3 Y (383 gl

as this will results in bubbles and will interfere with your

sle ysmg Olelad J csgm

(Wbilals

measurements).

Assay range (sample volume), 100 pug/mi-1,500 pg/ml (20 pL).

Ration of sample to Bradford reagent is 1:50

Jo/alse 95500 100 (Lusall o) Bysloall Bl
G (149540 20) Jo/plye )50 1500 -
20) 1:50 & 3398s15 aals J| dxell
(209913 anlS 54930 1000 : die S0

[20 ul sample: 1000 pl Bradford reagent]

Eppendorf Bradford reagent | Standard/sample

1 1000 pl 20 pl standard 5 (125 pg/ml)
2 1000 pl 20 pl standard 4 (250 pg/ml)
3 1000 pl 20 pl standard 3 (500 pg/ml)
4 1000 pl 20 pl standard 2 (1000 pg/ml)
5 1000 pl 20 pl standard 1 (1500 pg/ml)
6 1000 pl 20 pl Unknown sample

no shaking just flip it upside down
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Incubate for 5-10 minutes at room temperature.
Switch the instrument at least 5-10 minutes before use to allow it to stabilize.

Select the A max.

o~ N

Place the blank solution (or water) in the cuvette, so that the instrument is

s gl (65 copmg egdsSl b (elall of) 3181 Jolonall 25 5

zeroed.

- Make sure the clear faces of the cuvette are in the light path and that the

outside of the cuvette is dry and clean. sl slue B cudosl) adlall ol ol o 455
by Bl wedoSl Lol bl 4l

- Handle cuvettes only by the top edge of the ribbed sides (finger print affects

the measurement). All solutions should be free of bubbles. S8l oyl b ol
s deliall Colgadl Dyslall
n s vy g__ﬂ..o‘}ll ul.a..w)
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Mix and incubate
for 5-10 minutes at
room temperature.
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gl ool 8 7 Place the sample (standard/unknown) in the allocated place in the

o sl s spectrophotometer.
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slem wlills) 420 7, Measure absorbance of standards and unknowns at 595nm, using water as a
pasaal  Seall bl s

o0 3351 ol ply2 9,540 800 blank (when measuring by spectrophotometer, use 800 pl of the
ool s 8 sl /il _ . . . .

061 e alasizsl 8ty sample/standard or more in plastic cuvettes, using less volume will result in bad
st polozal Olelyd J] gosam .

s 5655 ol - 228 absorbance numbers- sample cuvette must be half/two third full)

fpadl ] ddean Gl ald

(el 8. Measure absorbance of the unknowns at 595nm similar to standard procedure.

9. Record your measurements. by 52053 595 wie dsgrall Dlall dpolazal 13 8
)] el dgylina
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Y =

» For standard samples: you can use one plastic cuvette multiple times without

washing if you work from low to high concentration. Otherwise, you must use

a new cuvette each time or wash the cuvettes for reuse to get the blue out.

US.W.HW Slesl wadl plascial eliSay tdwlall Olosll il <

uJ[ b Sio }éﬂ&ﬂ&aﬁ'@f‘j[&&ug)@bﬂiﬁ.\;»b
o e slas] ol plasual dlde oo 2lls B3 Jle 35,5
L3331 sl &3y Lgaluseal Boley jlosdl Coolil Lt ol 8y0 1S

59



bac elya by el elally lgaasd coud csledl sleall e d8LS ).Sf dggaall &l (o) o5 15] <

ol oLl Sl e 05 ooy (4 31 ol 2 8 1 ads) @ ggomall drsall dalisin Dlaass
sl Jole 5 cagasadl asy ale cdas U1 3850l pd camg (L] Sl e

> If your unknown colour is more intense than the higher standard, you should

dilute it in watere It is advisable to make several different dilutions of your

unknown sample (1 in 2 or 1 in 4 dilution) so that it falls within the standard

range of the assay. When analysing the data, you have to multiply the
concentration you got after dilution with the dilution factor:

» concentration of the unknown= concentration after dilution x dilution factor.

» YOU DO NEED TO RUN STANDARDS EVERY TIME! The reagent’s

response will change even after one day.
eha] b sl Jole x bl asy 355l = @ ggmall disll 353
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Data analysis:

Draw a standard curve, and find the linear equation for your curve, R? value, and

calculate your unknown concentration.

* Create a calibration/standard curve graph of bovine serum albumin (BSA) protein

concentration vs. absorbance using Bradford method.

1. Enter the recorded measurement you obtained in the lab as in the image below,
then click insert, choose scatter and click on the second option (scatter with
smooth line and marker).

2. Double click on the line generated and choose the +, choose trendline, and then
click on the linear option, then more options

3. On the right panel click on: Display equation on chart and display R-squared
value on chart. R? value should ideally be above 0.9.

4. Edity and x-axis and the plot title,

5. Print the form and submit it with your report. From the absorbances of the

unknowns, find the protein concentration using the linear equation generated.
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Beer's Plot

1.8 y =/0.0006x + 0.6258
1.6 R*=0.9767
14

1.2

0.8
0.6
0.4
0.2

Absorbance

0 200 400 600 800 1000 1200 1400 1600

Concentration microgram,/ml

Unknown absorbance = 0.978

y =0.0006x + 0.6258 , Rz = 0.9767
0.978= 0.0006x + 0.6258

0.978-0.6258 = 0.0006x

X= 587 microgram/ml



