
ZymogenactnCL

Notes for calculating rates of zymogen activation using a chro-
mogenic substrate

A help tab in the app summarises the main features of zymogenactnCL version 0.6. More details are presented
below.

The Plots tab

Data Entry

A set of data is provided and is automatically read and analysed when the program starts. The substrate
hydrolysis curves generated can be explored to get a feel for using the various options discussed below.
However, the main use for the App is to facilitate analysis of user data.

Time course data, exported from a plate reader for example, should be formated as a single column of time in
column 1 followed by columns of absorbance data. The program detects the length and width of the data so
there is no need to specify these dimensions. Data can be read as csv or txt files, options which are specified
using the check boxes in the left hand panel. It is also necessary to specify if the columns have header text
(“Time”, well names “A1”, “A2”. . . etc).

Note: it is important not to leave empty cells, incomplete columns or rows, or spaces in names of column
headers in any data files. Gaps and spaces are the main reasons the program fails to read data or complete an
analysis.

Below is an example of a few rows of data to show how it should be formatted (and how it should appear in
the Raw data tab).

Time B7 B8 B9 B10 C1 C2 C3 C4 C5
0 0 0 0 0 0 0 0 0 0
30 0.002 0.002 0.001 0.002 0.001 0 0.001 0.001 0.001
60 0.003 0.002 0.002 0.003 0.001 0.001 0.002 0.002 0.002
90 0.003 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002
120 0.003 0.002 0.004 0.004 0.002 0.002 0.003 0.003 0.002
150 0.004 0.003 0.005 0.005 0.003 0.003 0.004 0.004 0.003
180 0.005 0.004 0.005 0.005 0.004 0.004 0.004 0.005 0.002
210 0.005 0.004 0.006 0.006 0.005 0.005 0.005 0.005 0.003
240 0.006 0.005 0.007 0.007 0.006 0.006 0.007 0.007 0.003
270 0.007 0.006 0.008 0.008 0.007 0.007 0.008 0.007 0.004
300 0.008 0.007 0.009 0.009 0.008 0.008 0.009 0.009 0.004
330 0.01 0.008 0.011 0.01 0.009 0.009 0.011 0.01 0.004
360 0.01 0.009 0.011 0.011 0.01 0.01 0.011 0.011 0.005
390 0.011 0.01 0.013 0.013 0.012 0.011 0.013 0.012 0.005
420 0.012 0.011 0.014 0.014 0.012 0.013 0.014 0.013 0.005
450 0.013 0.013 0.015 0.015 0.013 0.014 0.016 0.014 0.006
480 0.015 0.014 0.017 0.017 0.015 0.016 0.018 0.016 0.007
510 0.016 0.015 0.018 0.018 0.016 0.017 0.019 0.017 0.007
540 0.018 0.017 0.02 0.02 0.018 0.019 0.021 0.02 0.008
570 0.019 0.018 0.022 0.022 0.02 0.02 0.023 0.021 0.008
600 0.021 0.02 0.023 0.024 0.021 0.021 0.025 0.023 0.009
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Note that the Time column is labelled Time_s, which is fine, but Time s would not work due to the space.

Graphing the data

The graphical output in the main panel of the opening page is organised by number of rows specified, using
the Number of rows in plots and table numerical input box. Curves in the panels are modified by Number of
points and Maximum absorbance inputs. The Data in ‘curve’ tab input selects the individual plot and fit that
can be scrutinised in the second tab labelled Curve.

The next set of options are self-explanatory: Zero curves at initial absorbance, and Well names to display the
column headers in the results table. The Use time squared checkbox is used to toggle between time or time
squared on the x-axis. In either case a line of best fit through the data points is generated.

If the Use time squared checkbox is unchecked, the app can be used to simply calculate rates fo chromogenic
substrate hydrolysis (or any other simple time course reaction). Time squared is selected if the an enzyme is
being generated that hydrolyses a chromogenic substrate to give the characteristic exponential curve.

The options to limit the absorbance and number of points, (in combination with scrutinising individual fits,
residuals and r squared values) are all helpful to help get the best analysis possible.

An option is included to add a time delay, which is the time between initiating your reaction and taking the
first reading (if this is not already present in the data file). The time delay does not affect calculation of
slopes where time is used as the independent variable; but it does affect calculations when time squared is
used. You can use this Time delay option to explore how significant these effects are on your results and take
appropriate action. For instance, is the time difference in starting reactions across a microtitre plate likely to
affect your results?

The supplied data give an output as shown below for initial zymogen activation rates and accompanying
hydrolysis of chromogenic substrate. As usual with enzyme reactions you should aim to use as little substrate
as possible and measure initial rates. This applies to both substrates in a zymogen activation reactions: the
pro-enzyme and the chromogenic substrate. As substrate is used up over time, reaction rates slow. Slowing
will happen sooner at faster reaction rates and results will therefore be skewed, so that faster rates will be
affected more than slower reactions, which will be closer to the true initial rate values. Careful use of options
to reduce the number of points used and limiting the maximum absorbance will limit artefacts caused by
substate depletion.
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Graphs and results table can be copied to the clipboard by highlighting and right-clicking using the mouse.
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If you download and run the ui.R and server.R files locally in RStudio, you can search for the line of code
that contains “clipboard” and remove the # from the beginning of the line. If this line of code is active,
the contents of the table are automatically placed in the clipboard and can be pasted directly elsewhere for
further analysis.

Calculating rates of zymogen activation in pM/s

An option is provided that converts rates of absorbance change, calculated from plots of absorbance versus
time squared, into zymogen activation rates in pM/s. The calculation is triggered using the Calculate rates
of zymogen activation in pM/s using the constants below check box in the left panel, but only works if the
Use time squared check box is also ticked. It should be noted that the results presentation is optimised for
expected rates of chromogenic substrate hydrolysis which is why rates of of simple absorbance change are in
Abs/s x 1e6 and absorbance change versus time squared are shown as Rates Abs/s2 x 1e9,to provide a
print out that is easier to read.

The calculation that converts slopes of plots of absorbance versus time squared is outlined in earlier publications,
e.g. [1,2,3]. In an ideal system without any substrate depletion, absorbance due to chromogenic substrate
hydrolysis is described as

Abs = ε.B.v.t2

2 + R

In this case ε refers to the extinction coeficient of the chromophore under the operating experimental
conditions. In our experience, in 100 µl of reaction in a microtitre plate, 1M pNA would have an absorbance
of 2000-3000. B describes the kinetic parameters of the generated enzyme on the chromogenic substrate in
the reaction.

B =
kcat(S).[S]

Km(S) + [S]

and v is the rate of zymogen activation (the object of interest)

v =
kcat(zym).[Eo].[Zym]

Km(zym) + [Zym]

R is included to describe background rates of hydrolysis of chromogenic substrate, for instance by the activator
(not the generated enzyme) or contaminating enzymes or due to unstable chromogenic substrate.

Ignoring these background rates for the moment, it can be seen that a plot of Abs versus t2 will have a

slope = ε.B.v

2

so to calculate v
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v = slope.2
ε.B

The default settings in the app were determined for data in the provided data set where generation of plasmin
hydrolyses the substrate S-2251 with the following parameters:

kcat(S) = 60s−1

Km(S) = 0.26mM

[S] = 0.24mM

ε = 2500Abs.M−1

Therefore we can calculate B = 28.8s−1 and the expression ε.B

2 = 36000 with units of Abs.M−1.s−1

In a plot of Abs versus t2 the slopes (in units of Abs.s−2) are divided by 36000 to give the rate of zymogen
activation in pM.s−1

In your own system, concentrations, kinetic parameters and extinction coefficients will differ and you should
calculate your own values and insert them in the input boxes.

Further care is needed if flourescent substrates are used, for example, where the scale of the numbers used
may be very different.

It should also be noted that these calculations have ignored R which may be significant in your system.

Results table

The results table (also shown in the figure above), corresponds to the graphical layout and displays the results
in Abs/s or Abs/s2 if the Use time squared box is ticked, or in pM/s if both the Use time squared box is
ticked and the Calculate rates of zymogen activation in pM/s box is ticked.

The Curve tab

The curve tab allows the user to focus on a single curve, which is selected from the box labelled Data in
‘Curve’ tab.

By default the plot shown is Absorbance versus time or versus time squared, depending on the settings in the
left hand panel. The calculated value of rate is shown as a figure heading. However, there is also an option to
select a resdiduals plot to check for systematic deviations between the data points and the linear regression.
In the case the heading also shows the adjusted R-squared value as a measure of the goodness of fit.

The Raw data tab

On this tab the name of the data file loaded is shown alongside the raw data as a table for inspection. It is
possible to click through pages of data using boxes at the foot of the page and to show data from start to
end or in reverse.
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The Help tab

The Help tab summarises these help notes and provides citation details.

R code, data and help files are available from: https://github.com/drclongstaff/zymogenactn06Repo

This repository also contains a small set of simulated data for a zymogen activation reaction in the presence
of chromogenic substrate. Results were analysed using the App and plots of Abs versus t2 and compared
directly with the simulation output of total Enzyme versus t.

More information and links may be found at http://www.nibsc.org/science_and_research/biotherapeutics/
haemostasis/fibrinolysis.aspx
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