Enzyme Assay

One possible enzyme assay as performed via spectrophotometry has been outlined by various articles (Di Gioia et al., 2002; Parales, 2004; Murray et al., 1974). They are many different protocols that can be followed, but essentially the principles are the same.
The first step is to grow the cells on compounds that are degraded towards the substrate of interest (in this case protocatechuate or catechol). Grown cells are then harvested, lysed and the crude extracts purified to obtain cell-free extracts. The protein concentration of the extract has to be then determined. Next the cell-free extract is mixed with the substrate of interest (~1mM) and buffer [typically 50 mM Tris-HCl (pH 7.5)], and then placed into a quartz cuvette, where the assay is carried out around 25 °C (Di Gioia et al., 2002; Parales, 2004). The spectrophotometer is set to a wavelength corresponding to the absorbance spectrum of the particular product being tested for. In the case of testing for the specific activity of protocatechuate 3,4-dioxygenase, the OD wavelength should be set to 270nm corresponding to β-carboxycis, cis-muconate, the product of Pca ortho-fission. By measuring an increase in OD270 due to β-carboxy-cis, cis-muconate production, the specific activity would be expressed as nmol β-carboxy-cis,cis-muconic acid formed min-1, (mg protocatechuate 3,4 dioxygenase)-1 at 25 °C and pH 7.5 (Di Gioia et al., 2002). 
In a future experiment, enzyme assays would be performed on GB106A, GB107A and GB108 cells that have been grown on ferulate, vanillate, benzoate and para-hydroxybenzoate, since it is these compounds which would be primarily used to test for the inducibility of the chemotactic response in the capillary assay. Benzoate, which is degraded to Cat, would be assayed twice. One spectrophotometrically testing for catechol 1,2-dioxygenase’s ortho-ring cleavage product, cis,cismuconate at 260nm; and the other for catechol 2,3-dioxygenase’s meta-ring cleavage product, 2-hydroxymuconic semialdehyde at 375nm. Ferulate, vanillate and para-hydroxybenzoate degrades to Pca, and would also be tested for two different ring-fission products. One assay for protocatechuate 3,4-dioxygenase’s ortho-ring cleavage product β-carboxycis, cis-muconate at 270nm; the other for Protocatechuate 4,5-dioxygenase’s meta-ring cleavage product 2-hydroxy-4-carboxy-muconic semialdehyde at a wavelength of 410nm. 
Cells are harvested, spun down with DNA, RNA and sugars removed …

Cell-free extracts : Components (e.g., enzymes and biochelators) produced in living systems (either plant or animal) that can be removed from those systems and then used in bioremedial activities. [NABIR Bioremediation Glossary]

Di Gioia 2002 :

Preparation of crude extracts

Cell cultures grown on MMM plus 50%SM were centrifuged,

washed twice with 50 mM sodium phosphate buffer (pH 7) and

suspended in 50 mM Tris-HCl buffer (pH 7) containing 10% (w/v)

glucose (1 g of wet cells in 5.5 ml of buffer). The cell suspension

was stirred at 4 °C for 14 h under an argon atmosphere; 1 h before

the preparation of the extract, lysozyme (0.30 mg/ml), DNase

(0.05 mg/ml) and phenylmethylsulfonylfluoride (0.18 mg/ml, from

a 1.8 mg/ml methanol stock solution) were added. Cells were disrupted

by three passages through a French press vessel at 5.5 MPa.

Cell debris was removed by centrifugation at 36,100ﾗg for 1 h; the

protein concentration of the crude extract was measured by the

Lowry method. The extract was flushed with pure argon and stored

at –20 °C in small aliquots;

or

Kivisaar 1989

Enzyme assays. Cells for enzyme assays were grown in 30

ml of M9 liquid medium at 300C to the mid-exponential phase

of growth. Phenol, m-toluate, salicylate, or succinate was

added to the medium as a sole source of carbon and energy.

The cell suspension was then cooled on ice before the

bacteria were harvested by centrifugation. The pellet that

was obtained was washed with 10 ml of 100 mM potassium

phosphate buffer (pH 7.5).

To obtain cell extracts the pellet was suspended in 5 ml of

potassium phosphate buffer containing 10% acetone, and

then the cells were ruptured by sonication. The cell extract

was centrifuged at 45,000 x g for 30 min. For whole-cell

assays, cells were washed a second time with 10 ml of

potassium phosphate buffer.

“

http://www.science.smith.edu/departments/Biochem/Biochem_353/Bradford.html
Bradford method:

BRADFORD PROTEIN ASSAY PROCEDURE

Reagents:

 Dye stock - Coomassie Blue G (C.I.# 42655) (100 mg) is dissolved in 50 mL of methanol. (If turbid, the solution is treated with Norit (100 mg) and filtered through a glass-fiber filter.)  The solution is added to 100 mL of 85% H3PO4, and diluted to 200 mL with water.  The solution should be dark red, and have a pH of -0.01. The final reagent concentrations are 0.5 mg/mL Coomassie Blue G, 25% methanol, and 42.5% H 3PO4.  The solution is stable indefinitely in a dark bottle at 4°C. 

 Assay reagent - The assay reagent is prepared by diluting 1 volume of the dye stock with 4 volumes of distilled H2O.  The solution should appear brown, and have a pH of 1.1.  It is stable for weeks in a dark bottle at 4°C. 

 Protein Standards - Protein standards should be prepared in the same buffer as the samples to be assayed.  A convenient standard curve can be made using bovine serum albumin (BSA) with concentrations of 0, 250, 500, 1000, 1500, 2000 µg/mL for the standard assay, and 0, 10, 20, 30, 40, 50 µg/mL for the microassay. 

Standard Protein Assay Procedure (200 - 2000 µg/mL protein):

Prepare six standard solutions (1 mL each) containing 0, 250, 500, 1000, 1500 and 2000 µg/mL BSA. 
Set the spectrophotometer to collect the spectra over a wavelength range from 400 to 700 nm and over an absorbance range of 0 to 2 Absorbance units, and to overlay the collected spectra. 
Use a 4 mL plastic cuvette filled with distilled water to blank the spectrophotometer over this wavelength range 
    Empty the plastic cuvette into a test tube and shake out any remaining liquid.  Then add; 

2.0 mL Assay reagent 
0.04 mL of protein standard solution, starting with the lowest protein concentration and working up, or one of the samples to be assayed. 

    Cover with Parafilm and gently invert several times to mix 
    Record the absorbance spectrum of the sample from 400 to 700 nm , and note the absorbance at 595 nm. 
    Repeat the steps above for each of the protein standards and for the samples to be assayed. 
    Examine the spectra of the standards and samples. If any spectrum has an absorbance at 595 nm greater than 2, or if any sample has an absorbance greater than the greatest absorbance for any of the standards, dilute the sample by a known amount and repeat the assay.  At one wavelength, approximately 575 nm, all of the spectra should have the same absorbance.  (Such an intersection is called an isosbestic point and is a defining characteristic of solutions containing the same total concentration of an absorbing species with two possible forms.)  If any spectrum does not intersect the other spectra at or near the isosbestic point, it should be adjusted or rejected and repeated.  (It is sometimes possible to adjust the baseline of a spectrum by determining the difference in absorbance at the isosbestic point from the absorbance of the other spectra at that wavelength, and adding the difference to the absorbance values at every wavelength of the spectrum. This correction works best at wavelengths close to the isosbestic point, and requires some discrimination by the spectroscopist.) 
    Prepare a graph of Absorbance at 595 nm vs [Protein] for the protein standards. 
    Examine the graphed points and decide if any should be rejected.  (Often a single point can be rejected without invalidating the standard curve, but if more than one point appears questionable the assay should be repeated.)  The Bradford assay gives a hyperbolic plot for absorbance versus protein concentration, but within a range of relatively low protein concentrations, the hyperbolic curve can be approximated reasonably well by a straight line. Use a best-fit straight line to fit the points if you feel it will give a good fit.  If not, draw a smooth curve that falls on or near each of the data points. 
     To determine the protein concentration of a sample from it absorbance, use the standard curve to find the concentration of standard that would have the same absorbance as the sample. 

Microassay Procedure (<50 µg/mL protein):

    Prepare five standard solutions (1 mL each) containing 0, 10, 20, 30,  40 and 50 µg/mL BSA 
    To a 1.4 mL plastic cuvette, add; 

0.2 mL Dye stock 
0.8 mL of one of the protein standard solutions or  samples to be assayed (containing <100 µg of protein for <50 µg/mL standards) 

   Cover with Parafilm and gently invert several times to mix. 
   Follow the procedure described above for the standard assay procedure.”
Use a Spectrophotometer.

Ortho:

Protocatechuate 3,4-dioxygenase was assayed spectrophotometrically

by measuring the increase of A270 due to the 2-carboxycis,

cis-muconic acid production, according to the method of

Stanier and Ingraham (1954). The 2.5-ml reaction mixture contained

50 mM Tris-HCl buffer (pH 7.5), 0.2 mM protocatechuic

acid, and crude extract (0.08 mg protein/ml). Specific activity was

expressed as nmol 2-carboxy-cis,cis-muconic acid formed min–1

(mg protein)–1 at 25 °C and pH 7.5 (ε=6400 l mol–1cm–1).

Catechol 1,2-dioxygenase was assayed spectrophotometrically

by measuring the increase of A260 due to the formation of cis,cismuconic

acid (Dorn and Knackmuss 1978). The 2.5-ml reaction

mixture contained: 0.05 M phosphate buffer (pH 7), 0.1 mM catechol,

1 mM EDTA (pH 8), and crude extract (0.08 mg protein/ml).

Specific activity was expressed as nmol cis,cis-muconic acid formed

min–1 (mg protein)–1 at 30 °C and pH 7 (ε=16800 l mol–1cm–1).

*** A=Absorbance which = OD= optical density !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Meta:

Protocatechuate

4,5-dioxygenase was assayed spectrophotometrically by

measuring the increase of A410 due to the formation of 2-hydroxy-

4-carboxy-muconic semialdehyde (Ono et al. 1970). The 2.5-ml

reaction mixture contained 50 mM Tris-HCl buffer (pH 9),

0.4 mM protocatechuic acid, and crude extract (0.2 mg

protein/ml). Specific activity was expressed as nmol 2-hydroxy-4-

carboxy-muconic semialdehyde formed min–1 (mg protein)–1 at

25°C and pH 9 (ε=11200 l mol–1cm–1).

Catechol 2,3-dioxygenase was assayed spectrophotometrically by

measuring the increase of A375 due to the formation of 2-hydroxymuconic

semialdehyde according to Fetzner et al. (1989). The

2.5-ml reaction mixture contained 0.05 M phosphate buffer (pH 7),

0.5 mM catechol, 0.2 mM (NH4)2Fe(SO4)2, and crude extract

(0.2 mg protein/ml). Specific activity was expressed as nmol 2-hydroxymuconic

semialdehyde formed min–1 (mg protein)–1 at 30°C

and pH 7 (ε=33000 l mol–1 cm–1).

