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Substrate

Substrate preparation

7. Background

The way the substrate is prepared (e.g. boiling, emulsifying, resting time, storage stability)
will have different influence on different enzymes.

It is important when setting up a harmonised method, to minimize the sources of variability.
Macromolecular substrates typically change their molecular structure when heated up in the
presence of water. This could influence the way different enzymes react on these substrates.

8. lllustration
8.1. From laboratory experiment #1

8.1.1. Purpose
Assess the influence of starch heating time on the activity of 3 a-amylases (3.2.1.1).

8.1.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

8.1.3. Experimental setup

Three amylases (A, B, C) were incubated with 5 starch preparations (Substrate prep. 1-5).
The substrates were prepared according to the following table:

Substrate Preparation method
preparation

Substrate prep. 1 The substrate solution was heated up to 90°C — and then left to
rest before analysis

Substrate prep. 2 The substrate solution was heated up to 95°C — and then left to
rest before analysis

Substrate prep. 3 The substrate solution was heated up to the boiling point and
boiled for 30 seconds — and then left to rest before analysis

Substrate prep. 4 The substrate solution was heated up to the boiling point and
boiled for 5 minutes — and then left to rest before analysis

Substrate prep. 5 The substrate solution was heated up to the boiling point and
boiled for 10 minutes — and then left to rest before analysis

Eight weighings of each product were measured with each substrate preparation of starch.

8.1.4. Results
The results are illustrated graphically below:
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Sample: Amylase C
Variability Gage
Variability Chart for Result
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Different mean values were obtained with Amylase A. For Amylase B and C no significant
difference is observed.

Therefore, Amylase A is dependent on the substrate preparation method (boiling time).
Amylase B and C does not show any dependency of the boiling time of the substrate.

8.2 From laboratory experiment #2

8.2.1. Purpose
Assess the influence of starch resting time on the activity of 3 a-amylases (3.2.1.1).

8.2.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

8.2.3. Experimental setup

Three amylases (A, B, C) were incubated with 3 starch preparations (Substrate prep. 1-3).
The substrates were prepared according to the following table:

Substrate Preparation method

preparation

Substrate prep. 1 The substrate solution was heated up to the boiling point and
boiled for 30 seconds — and then left to rest for 1 hour before
analysis

Substrate prep. 2 The substrate solution was heated up to the boiling point and
boiled for 30 seconds — and then left to rest for 24 hours before
analysis

Substrate prep. 3 The substrate solution was heated up to the boiling point and
boiled for 30 seconds — and then left to rest for 48 hours before
analysis
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Ten weighings of each product were measured with each substrate preparation of starch.

8.2.4. Results
The results are illustrated graphically below:

Product: Amylase A
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Product: Amylase C
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Amylase A provides almost the same average results for the three substrate preparation
methods. However the variation is different from substrate preparation 1 and 3 to substrate
preparation 2. For Amylase B and C the aclivity seems to rise as the resting time go up.

It was tested if a reagent blank of 1, 24 and 48 hours would give response. No response was
observed after 8 hours of reaction.

Therefore, Amylase A, B and C exhibit different activity patterns toward different resting
times of the substrate.

9. Conclusion

it has been shown, using a-amylases as an example, that substrate preparation may in
some cases have a definite influence on the assay result.
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Assay conditions

lons, buffers

10. Background

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

A harmonised method would deal with different enzymes, whose sensitivity to a particular
activator or inhibitor would vary across enzyme sources. It would then be necessary to

ensure that the assay conditions, including the choice of buffers, make this influence
negligible.

11. lHlustration

11.1. From literature source #1

Properties of lactase produced by Candida pseudotropicalis. Castillo F.J. & Moreno, B.
Journal of Dairy Science 66(8), 1616-1621 (1983).

Enzyme under consideration: lactase (3.2.1.23).

The following figure shows the activation effect of the Mg®* and Mn?" ions on the enzyme
activity:
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The following figure shows the inhibition effect of several ions on the enzyme activity:
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11.2. From literature source #2

Inhibition of potato phenol oxidase by anions and activity in various carboxylate
buffers (pH 4.8) at constant ionic strength. Malkin, B.D, Thickman, K.R., Markworth, C.J.,
Wilcox, D.E. & Kull, F.J. J. Enzyme Inhibition 16, 135-145 (2002).

This paper illustrates the influence of various ions and buffers on the activity of phenol

oxidase.

12. Conclusion

The assay conditions, in particular the concentration of any activating or inhibiting iocn and
the nature of the reaction buffer, should be adjusted so as not to be in a zone where the

enzyme activity would vary greatly.
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Substrate

Nature of the substrate

13. Background

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.

A harmonised method should use a substrate on which all enzymes give a significant
response.

14. lllustration
14.1. From laboratory experiment #1

14.1.1. Purpose
Investigate the influence of substrate on the activity of several xylanases (3.2.1.8).

14.1.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

14.1.3. Experimental setup

Parameter Value / description
pH 5.0

Reaction time 10 min
Temperature 40°C

Buffer Mcllvaine

Substrate Variable parameter

Substrates used:
- Wheat arabino-xylan (wheat AX)
- Birch arabino-xylan (birch AX)
- Rye arabino-xylan (rye AX)
- Water-insoluble arabino-xylan (WIP)
- Water-soluble arabino-xylan (WSP)
Analytical method principles:

- WIP activity is determined as amount (weight) of solubilised xylan / g product relative
to an enzyme standard.

- Colorimetric activity (not tabs) is determined as pmol xylose released / min / g
product.
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- Colorimetric activity (tabs) is determined relative to an enzyme standard.

14.1.4. Results

The following table shows the results of the determination of the activity of 7 xylanases,
relative to the wheat arabino-xylan substrate:

Relative activities (relative to determinations on wheat AX tabs)
Wheat AX Birch AX Rye AX WIP WSP
Xyl 10 100% 105% 1% 105% | 1%
Xyl 11 100% 198% 7% 23% 5%
Xyl 12 100% 103% 4% 38% 4%
Xyl 13 | 100% - - 60% 26%
Xyl 14 | 100% - - 95% 7%
Xyl 15 100% - - 35% 18%
Xyl 16 100% - - 11% 4%

The following figure shows the same resulits in graphic form:
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Conclusion: it is clear that the source of the arabino-xylan substrate exerts an important and
differential influence on the 7 xylanases under consideration.

14.2. From literature source #1
Methods for lipase detection and assay: a critical review. Beisson, F., Tiss, A., Riviére, C.
& Verger, R. Eur. J. Lipid C. Technol. 133-153 (2000).

The following table illustrates the variety of responses obtained when assaying lipases on
2 different substrates:
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Tab, 1. initial rates of hydrolyls of fributyrin emulsions and rescrufin ester by various pure proteins. Tributyrin assay condi-
tians: with all the proteins assayed except RGL, the buffer used was 1mM Tris-HO {pHB), 150mM NaCl, 10miv CaCl,.
With RGL, the buffer used was S0mid acetate (pHE), 150 mM NaCl, 2mM NaTDC, 1.5ul BSA. Resoryfin assay condi-
tions {in the absence of Thesif™y 10wl of a lipase sample were added {o 90 of IKH,PO, 011 {pHA.8) and Tul of
sesorufin ester stock solufion in dioxane (1mg - mi™), With RGL, the buffer used was 20mM KHPO, {(pHA.8), 1580 mM

Nal3l, 0.05% Triton X100,

Protein Tribulyrin Resorufin ester Tribuyrin/Resorufin
U - mg s (iU -mg™) ester ratio

Fungal lipases

Candida anfarclica lipase B 184 0.2 1022

Candida rugosa lipase 1037 214 4.8

Fusariur solani cutinase 3180 az 49

Pseudomonas glumae lipase 3000 40 75

Rhizomucor nijehel fipase 8240 450 183

Maromalian lipases

Human pancreatic lipase + Colipase 2000 1000 9

Uipoproteln lipase 280 2 31.2

Rabbit gastric fipase 800 2 267

Non enzymatic proteins

Hemoglobin 0 07

Bovine serum albumin 0 G -

15. Conclusion

When setting up a harmonised method, it is essential to investigate whether all enzymes
under consideration react significantly to the chosen substrate.
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Matrix effects

Presence of inhibitors in the test sample

16. Background

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

17. lllustration

17.1. From laboratory experiment #1

17.1.1. Purposes
Investigate the differential effect of wheat xylanase inhibitor on several xylanases.

17.1.2. Enzyme sources
Microorganisms from bacterial and fungal origins.

17.1.3. Experimental setup

Parameter Value / description

pH 5.0

Reaction time 10 min

Temperature 40°C

Buffer Mcllvaine

Substrate Megazyme xylatabs (wheat based)

17.1.4. Results

Several inhibitor concentrations (expressed in xylanase inhibition units — XIU) were tested on
5 xylanases. The relative activities are shown below:

WL x| xyiz | xyis | xya | xyls
0 100 | 100 100 | 100 100
126 o4 79 45 23 100
3.15 73 48 24 11 99
6.3 55 31 17 9 %
12.6 40 25 14 9 90

In a graphic form:
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Inhibition of different xylanases as function of wheat xylanase inhibitor

Relative activity, %

(inhibitar], X1U

17.1.5. Discussion

It is clear from the results that different xylanases show a very variable response to the
presence of an inhibitor present in wheat.

18. Conclusion

When setting up a harmonised method for the measurement of enzyme activity in a complex
matrix, it is necessary to investigate the effect of inhibiting or activating substances present
in the matrix, which could affect various enzymes in a very different way.

Additionally, the amount of such inhibitors in matrices from vegetal origin is variable
according fo cultivar, harvesting conditions, climate, geographical origin (among other
factors), as can be seen from e.g.:

Variations in the levels of different xylanase inhibitors in grain and flour of 20 French
wheat cultivars. Bonnin, E., Daviet, S., Gebruers, K., Delcour, J.A., Goldson, A., Juge, N. &
Saulnier, L. Journal of cereal Science 41, 375-379 (2005).
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2.1.2. BBROER

ME A EERER &I 5MWMEY
2.1.3. EBHE
INTA—F &/ #iH
pH AN A—F
SR 1 0%
BE 40%C
RIE T EFINARA
2 Megazyme xylatabs (hEZEN—ZITL7)
2.1. 4. #5R
B2 DEEZEDBREIEEICKT 2 HMENE THR
Fob—E
pH $1 #2 #3
2.5 50
2.1 63
2.9 73
3 80 14 11
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 1 76 93
6.5 52 97
7 29 100
7.5 14 93
8 6 83
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2. 2. XiEs#1
Directed evolution of a bacterial «-amylase: Toward enhanced pH-performance and
higher specific activity. Cornelius Bessler, Jutta Schmitt, Karl-Heinz Maurer, Rolf D.
Schmid. Protein Sciemce 12, 2141-2149 (2003).
e o —7 I 5 —EEMDAM : pH KIGHEDOEIERTL D EWEIEEDO A
Cornelius Bessler, Jutta Schmitt, Karl-Heinz Maurer, Rolf D. Schmid. Protein Science
12, 2141-2149 (2003).
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2.3. X #2

A Novel, High Performance Enzyme for Starch Liquefaction. Discovery And Optimization
0f A Low pH, Thermostable a-Amylase. Toby H. Richardson, Xuqiu 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).
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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
Chemistiry 277(29), 26501-26507 (2002).
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Fra. 2. Determination of a-amylase pH optima. The pH optima of
wild-type and reassembled a-amylases were measured under typical
industrial liguefaction conditions: 32% w/w starch slurry, 5 min treat-
ment at 105 °C followed by 90 min at 95 °C. The desage of amylase
needed to achieve a target DE of 12 at the optimum for each a-amylase
was determined. The same dosage was then used in liquefaction 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:
A, B, licheniformis c-amylase; ¢, BD5031; [, BD5064; @, BD503S; O,
ED5063; B, BD5098,
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5. SEH
5.1. BB # 1
5.1.1. H®

3EDa-7I5—F Q.01 D)DOEKIEBTS, Fo7 o075V — &Ny FOEENR
5.1.2. BEROEF |
MBE N ERERET5WED
5.1.3. EBRFHE
SEOT7IT—Y (A, B, 0O) L4DDERBZNYF NvF 1-4) OF T E2KIGELE. Ny
F1E2RTTIAY—1 M6, NoF 3 E4EBTTI14Vv—2 EInbFNETNHGEINE,
B SRIE 1S EB-SM-0009. 02 version 1 ICEK->TRIEL (FX5—EAEBIWEpH 5.6 T, 73
S—¥ Cid pH 4.7 TR . TNTFTNOERBICDOVWTSEFFEL., ENVFOFT T &2FH
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Sample: Amylase B
Variability Gage
Variability Chart for Result

220
2104 [+
200 T 1=
190+ . 1
;a‘) 1801 _1. __: __'L
[a g 170— . —_
160 i
150
140 1
130
1 2 3 4
1 2 3
Batch no. within Supplier

Sample: Amylase C
Variability Gage
Variability Chart for Result

1100
1050+ :tr
1000+
% o
2 950- :12
o 1 — .
900- + :
850- _""
800
1 2 3 4
1 2 3
Batch no. within Supplier

5.1.5. E&
FTDONy FNRRD &, BRZEEEERRBREENM OGNS ZENDNS, BBICL-
TEDONT—REBRBZ>TWS, PII5—FCIELTIE, EENYF 2 E3ITFEAERIUE
BETHz. TNRYT TSV —EHEENTNTNERLZDOD, BRIGELOENES -
bHbODEEZLND,
HEEDONY FNEETHD0NEN. KD SASimp DETFIVICHE- THERL .
In(Result) = y + sample no. + batch no. + weighing + sample no.*batch no. + batch
no. *weighing + sample no#*weighing, Result was set o continuous, the rest to nominal.
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