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Association of Manufacturers and Formulators of Enzyme Products

Amfep's comments and proposals on:
Determination of enzyme activity for control purposes

Annex 1: facts to be taken into account when setting up
harmonised methods

1 Commercial

e Should 'harmonised' methods be established, customers and some authorities will try
to use the aclivity determination results to predict and compare the performance of
the enzyme preparations in their applications. Experience shows that such attempts
are deemed to fail. The performance of a given enzyme is indeed linked to the dose
used. However, different enzymes perform differently when equal activity levels
(according to a given method) are used. This is due to the complexity of enzyme
preparations and of the substrates they act upon in their actual applications. This is
also due to the fact that enzymes may be used in conditions (pH, temperature)
different from the ones selected for the method.

e This frend in comparing the enzyme performance based on activity units would likely
induce some enzyme manufacturers and distributors to try and compete based on
the amount of activity printed on the label—~ instead of competing on actual
performance and cost in the application.

2 Technical

2.1 Substrate

o Substrates (especially those of macromolecular nature) are variable in quality, type
and supply.

» A given enzyme may act on a variety of possible substrates. The choice of the
substrate for the harmonised method will have different influence on different
enzymes.
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o The way the substrate is prepared (e.g. boiling, emulsifying, resting time, storage
stability) will have different influence on different enzymes.

2.2 Assay method

e The principle of the method (e.g. viscosity measurement, reducing sugars, etc.)
influences the amount of activity which will be measured. This influence varies
according to the enzyme preparation under consideration and may have no relation
to the effect in the application.

2.3 Matrix effects

e |f the test sample contains the enzyme embedded into a complex matrix, the sample
preparation procedure must ensure that the enzyme will actually be extracted from
various matrices.

o The test sample (e.g. a compound feedingstufffy may itself contain significant
amounts of the type of enzyme activity to be determined — thereby influencing the
result of the determination. This influence will be different on different enzymes, and
therefore blank test samples (no added enzymes) must be supplied.

o The test sample may contain inhibitors or activators which have varying effects on
different enzymes.

2.4 Enzyme standards

¢ In a number of cases (macromolecular substrates, enzyme preparations in which
more than one enzyme contributes to the measured activity, activity measurements
in complex matrices), the activity measurement cannot be absolute. It must then be
related to a reference enzyme standard.

e Overall, an enzyme standard will be necessary when there is a matrix effect, and/or
when the substrate is not chemically well defined or varies from batch to batch.

o Whenever an enzyme standard is necessary, it must come from the same source as
the enzyme in the commercial product. This is because the use of enzyme standards
can compensate for the substrate and assay condition variations within one enzyme,
but not across different enzymes covered by a harmonised method.

2.5 More than one enzyme activity in the sample

e« Commercial enzyme preparations typically contain more than one enzyme activity.
The non-standardised activities may significantly influence the result of the
determination. This influence will vary according to the enzyme preparation under
consideration — thereby compromising the harmonisation of the method.

e The test sample (e.g. a compound feedingstuff) may have been supplemented by the
same type of enzyme activity from different commercial enzyme preparations. This
makes it impossible to determine separately which amount of activity comes from
which commercial enzyme preparation. Also, the interferences between the enzymes
will in a number of cases cause a bias in the determination.

2.6 Assay conditions

» The pH and temperature chosen for a harmonised method will not be the optimal
ones for all enzymes to be assayed. A small pH or temperature variation will create a
very significant error in the determination, especially when the set point is situated on
a steep part of the pH or temperature curve.
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The sensitivity of various enzymes to factors such as ionic strength, incubation time,
nature of the incubation buffer is variable.

The presence and concentration of inhibitors or activators (e.g. metal ions) in the
reaction mixture will have different effects on various enzymes.

The optimal enzyme/substrate ratio is different for each enzyme.

2.7 Activity units

Depending on the assay principle and the substrate, the expression of the result in U
(nkatals) may not be possible (e.g. viscosity-based methods).

3 Practical

The development of new enzymes outside the boundaries (assay conditions, activity
and specificity pattern, reaction kinetics) of a harmonised method would invalidate
the 'harmonised' character of this method.

Conversion factors will be necessary in order for the control laboratories to relate the
results of the controls to the activity claimed on the labels, since the enzyme
manufacturers will typically continue using analytical methods which are best suited
to their own products (assay conditions, substrate, etc.).

Conversion factors will also be necessary whenever the substrate is a
macromolecule and is not available in a standard form: if enzyme standards are not
used, each new substrate batch will have to be validated and re-qualified across the
whole analytical network.

When enzyme standards are used, the control laboratory will have to know exactly
which standard applies to the sample to be assayed. This is even more of a problem
when several enzymes of the same type are present in the sample.

Establishment and maintenance of methods: implementation of methods across
laboratories, regular ring-testing for each harmonised method, would be necessary
and require many resources.
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Determination of enzyme activity for control purposes

Annex 2: Parameters for a harmonised method of
analysis
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Assay conditions

Reaction pH

1. Background

It is commonly seen that enzymes belonging to the same EC class but obtained from
different biological sources typically exhibit different reaction pH optima.

It is commonly seen that modifications in the primary structure (amino-acid sequence) of a
given enzyme significantly change its optimum reaction pH.

Given the pH profiles of known enzymes belonging to the group to be covered by the
harmonised method, how to choose a reaction pH for a harmonised method?

How to deal with enzymes not known / not yet characterised?

2. lllustration
2.1. From laboratory experiment #1

2.1.1. Purpose

Establish the pH profiles of 3 enzymes belonging to the EC 3.2.1.8 (endo-1,4-B-xylanase)
class.

2.1.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

2.1.3. Experimental setup

Parameter Value / description
pH Variable parameter
Reaction time 10 min
Temperature 40°C
Buffer Mcllvaine
Substrate Megazyme xylatabs (wheat based)
2.1.4. Results
Expressed for each enzyme relatively to the maximum activity.
Xylanase
pH #1 #2 #3

2.5 50

2.7 63

2.9 73

3 80 14 11
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3.25 93 21 16
3.5 100 28 22
3.75 98 47 34
4 85 66 45
4.5 57 96 70
5 27 100 80
5.5 14 91 89
6 7 76 93
6.5 52 97
7 29 100
7.5 14 93
8 6 83

2.1.5. Discussion

The 3 enzymes under consideration exhibit significantly different pH profiles, with optima
ranging from 3.5 t0 7.0.

Two of the three enzymes under consideration have steep pH curves. This means that a
small experimental pH error / deviation in the reaction medium will lead to a significant
variation in the activity measurement.

2.2. From literature source #1

Directed evolution of a bacterial a-amylase: Toward enhanced pH-performance and
higher specific activity. Cornelius Bessler, Jutta Schmitt, Karl-Heinz Maurer, Rolf D.
Schmid. Protein Science 12, 2141-2149 (2003).

Amfep - Determination of enzyme activity for control purposes / Annex 2

366



03 May 2006

Enzyme class under consideration: a-amylase (EC 3.2.1.1).

Experimental findings as shown in Fig. below:

1.2
g £ Wild type BAA
e AN 42
e BAA, 3G

Relative activity
L
28

pH

Figure 6. pH activity profiles. Activity measurement was carried out using
the following 50-mM buifers: pH 4-6 acetate, pH 7-8 Tris/HCI, pH 910
glveine NaOH, pH 11 carbonate. (squares) WT, (circlesy BAA 29, (%)
BAA 42. The relative activity is the ratio of the catalytic activity at a
certain pH and the maximum activity of each enzyme.

Conclusion: modifying an enzyme protein by protein engineering may induce significant pH
profile changes.

2.3. From literature source #2

A Novel, High Performance Enzyme for Starch Liquefaction. Discovery And
Optimization Of A Low pH, Thermostable a-Amylase. Toby H. Richardson, Xugiu Tan,
Gerhard Frey, Walter Callen, Mark Cabell, David Lam, John Macomber, Jay M. Short, Dan E.
Robertson, Carl Miller. The Journal of Biological Chemistry 277(29), 26501-26507 (2002).

Enzyme class under consideration: a-amylase (EC 3.2.1.1).

Experimental findings as shown in Fig. below:
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Fio. 2. Determination of w-amylase pH optima. The pH optima of
wild-type and reassembled c-amylases were measured under typical
industrial liguefaction conditions: 32% wiw starch slurry, § min treat-
ment at 105 °C followed by 90 min at 95 *C. The dosage of amylase
needed to achisve a target DE of 12 at the optimum for each a-amylase
was determined. The same dosage was then used in lguefaction exper-
iments at the remaining pH values, and the response was measured,
The percentage of the maximal response at each pH is given as follows:
&, B, licheniformis e-amylase; ¢, BDS03 1, [, BD5064; @, BD508S; O,
BD5063; B, BD5096,

Conclusion: modifying an enzyme protein by protein engineering may induce significant pH
profile changes.

3. Conclusion

Setting up a harmonised method of analysis implies the choice of a reaction pH which is
suitable for all enzymes covered by the method.

The above experimental findings show that pH profiles and optima vary significantly across:
e enzymes from different biological sources.

e "wild-type" enzymes and protein engineered enzymes belonging to the same EC/IUB
class.

In particular:
o pH optima may differ of more than 3 pH units.
e pH profiles may exhibit very steep slopes.

In practice, the pH chosen for a harmonised method will not be the optimal pH for all
enzymes to be assayed. A small pH variation during the assay may create a very significant
error in the determination, especially when the set point is situated on a steep part of the pH
or temperature curve.
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Substrate

Substrate batch to batch variability

4. Background

Substrates (especially those of macromolecular nature) are variable in quality, type and
supply.

A harmonised method requires that the substrate behaves the same way in all laboratories
using the method.

If the enzyme reaction rate varies according to the substrate batch, or substrate supplier, one
then needs to ensure that all laboratories use the same substrate batch, and when this batch
is nearing exhaustion, to re-standardise all laboratories with the new batch.

5. lllustration
5.1. From laboratory experiment #1

5.1.1. Purpose
Assess the influence of starch supplier and batch on the activity of 3 a-amylases (3.2.1.1).

5.1.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

5.1.3. Experimental setup

Three amylases (A, B, C) were incubated with 4 different starch batches (Batch 1-4). Batch 1
and 2 were supplied by Supplier 1 and batch 3 of 4 from supplier 2 and 3 respectively. The
activities were measured according to the method EB-SM-0009.02 version 1 (amylase A and
B at pH 5.6 and amylase C at pH 4.7). Eight weighings of each product were measured with
each batch of starch.

5.1.4. Results
Sample: Amylase A
Variability Gage
Variability Chart for Result
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Sample: Amylase B
Variability Gage
Variability Chart for Result
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5.1.5. Discussion

It is seen that different batches of starch leads to different mean values and different

variations. The pattern is different from product to product. For Amylase C, substrate batch 2
and 3 leads to almost the same mean values. This is considered to be by coincidence as it is
different substrates and different suppliers.

It was tested if substrate batch was significant by test of the following model in SASjmp.

In(Result) = y + sample no. + batch no. + weighing + sample no.*batch no. + batch
no.*weighing + sample no*weighing, Result was set to continuous, the rest to nominal.

Response In(Result)

Whole Model
Effect Tests

Source

Sample no.

Batch no.

Weighing

Sample no.*Batch no.
Batch no.*Weighing
Sample no.*Weighing

Sum of Squares
47,186768
0,740912
0,024093
0,053768
0,032753
0,034018

F Ratio
13421,63
140,4948

1,8580

5,0978

0,8872

1,3823

Prob > F
<,0001
<,0001
0,0842
0,0005
0,6062
0,2043
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Residual by Predicted Plot
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The test shows that sample no., batch no. and sample no*batch no. is significant (5% level).

Which means that each of the samples gives different results and this depends on the
substrate batch. Also the difference from batch o batch depends on the sampile.

5.2. From literature source #1
The influence of substrate quality can also be seen in the following paper:

Determination of neutral lactase activity in industrial enzyme preparations by a
colorimetric enzymatic method: collaborative study. Engelen, A.J. & Randsdorp, P.H.G.
Journal of AOAC International 82(1), 112-118 (1999).

In this example it is shown that the individual batches of the substrate (o0NPG) used for the
determination of lactase (3.2.1.23) needs to be validated before use.

5.3. From literature source #2
An illustration of substrate variability can also be seen in the following paper:

Genetic and environmental variation in the pentosan and B-glucan contents of barley,
and their relation to malting quality. Henry, R.J. Journal of Cereal Science 4, 269-277
(1986).

Endo-xylanases need to be assayed on macromolecular substrates extracted from natural
sources. This article illustrates the fact that many factors influence the quality of pentosans
that can be extracted from these sources.

6. Conclusion

Setting up a harmonised method of analysis implies that the substrate gives a uniform
response across laboratories and over time. Any inter or intra batch variation will need to be
taken into account when determining the “level of uncertainty” for the procedure.

The experiments above show that the origin and batch have in some cases a considerable
influence on the measured enzyme activity.
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The complex nature of some substrates does indeed cause considerable variability between
batches. To reduce problems caused by batch to batch variation large batch quantities of
substrate will need to be produced. This will necessitate the assistance and compliance of
the manufacturers. In many cases these manufacturers may not be able to produce the bulk
batches necessary.

To minimise and quantify variation caused by changes in substrate origin and batch an
effective procedure must be put in place. This procedure must ensure that a positive release
system only allows the use of validated substrate. The procedures will be necessary for all
substrates and for some enzyme manufacturers the requirements will be high. The difficulty
in developing and monitoring such procedures should not be underestimated when
considering resources.

Finally, the creation of large batches of acceptable substrate will require regular monitoring.
This substrate, while validated for existing enzymes, may preclude the entry of new entrant
enzymes. This may result in the “write-off’ of large quantities of the “current” substrate and

will result in further costs when new enzymes enter the market.
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