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Measurement of cellulase activities

Fermentation Commission, IUPAC, (changed to Commission on Biotechnology,
TUPAC, July 1980) put in a considerable effort and time since July 1976 to prepare
a document prescribing standard assay procedures for cellulase enzyme system.
The subject area was considered significantly important because the number of
groups engaged in the studies of enzymatic break-down of cellulose of various
sources were on steady increase. At least nine Commission meetings held during
the last several years (Berlin, July 1976; Warsaw, June 1977; Munich, Sept. 1978;
Davos, Sept. 1979; London (Ontario), July 1980; Leuven, Aug. 1981; MIT
(Boston), Aug. 1982; Lyngby, Aug. 1983 & New Delhi, Feb.1984) gave consider-
able attention to this project. Several aspects of the proposed standard proce-
dures available to workers for enzyme and substrate evaluation were considered.
The detailed text of the draft prepared during mid 1980 and partially modified in
early 1982 were discussed by the Commission at the MIT workshop in 1982. At
the Lyngby meeting the Commission gave its final reccommendations on the man-
uscript which after some additional review was adopted at the New Delhi meeting
in February 1984 for release. Several procedures were suggested in the draft for
consideration of the members of the Commission and other experts in the field.
The final version of the Commission’s draft is expected to be useful as a document
of standard procedures for assay and evaluation of cellulase enzyme system.

Although for a subject area so complicated and involved like the assay proce-
dures of various enzymes associated with cellulose-cellulase system, it was ex-
pected that the concerned groups and individuals might find it difficult to agree to
a common draft. However, the members of the Commission as well as others who
collaborated in the preparation of the document felt the need for a working
document to form the basis of exchange of ideas and comparison of results. With
this in view the New Delhi meeting of the Commission finally approved the
recommendations for circulation. Necessarily, the Commission will review the
assay procedures as and when some new information is available.
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I. INTRODUCTION

The characterization of cellulase enzymes poses special problems to the enzymologist, which are rarely
encountered in the study of other enzymes. He is presented with a situation where kinetic studies are
difficult since the natural substrate is both insoluble and structurally variable, and thus relatively unde-
fined with respect to concentration and chemical form; where often a.multitude of endo- and exo-
glucanases act in synergy and in a complex manner still poorly understood; and where a variety of
end-products and transglycosylation species are frequently formed, involving various mechanisms of
feedback control. The presence of B-glucosidase or other enzymes, such as cellobiose phosphorylase,
which are required for cellobiose metabolism and to enhance cellulose hydrolysis but which are not,
strictly speaking, cellulases, further complicates the picture. Moreover, there has been comparatively
little elucidation of the differences in the modes of action of the cellulase system of various organisms, and

especially between eucaryotes and procaryotes.

258



Measurement of cellulase activities 259

In the face of these difficulties, and in view of the applied nature of most cellulase work, it is understand-
able that investigators in different laboratories have each developed a series of empirical assay proce-
dures. While a common approach is shared, a situation has nonetheless resulted where comparison of
cellulase activities between laboratories is not readily made in a quantitative manner. These recommenda-
tions for standard assays are intended to alleviate to some extent the present lack of uniform procedures
with, however, certain reservations.

First, these procedures have received common acceptance primarily for the evaluation of the cellulase
system of Trichoderma, and possibly other mesophilic fungal species. Studies with cellulolytic bacteria,
such as Clostridium thermocellum or Thermomonospora fusca, suggest that these cellulase systems may
have a different mode of action. Moreover, pH and temperature conditions for optimal cellulase activity
from these organisms are different than those for most fungi. Thus, the assay procedures will often need to
be adapted to other cellulase systems by linearizing with respect to time, substrate and enzyme concentra-
tion, and by proper specification of pH and temperature. However, the criteria of assaying FPA employ-
ing filter paper as insoluble substrate must be based on equal conversion (in the present recom-
mendations—4%) since the rates are not likely to be linear and representative of true filter paper activity
(see Section II. General Information).

Second, the specific assays which have been recommended are not meant to be inclusive, but were chosen
on the basis of common usage and procedural ease. Other assays in the literature will undoubtedly
continue to find limited application. Some notable examples are:

(1) viscosimetric assay’ using soluble, derivatized cellulose, which is a very sensitive, but somewhat
difficult method of measuring endoglucanase (EC 3.2.1.4) activity;

(2) cellulose azure assay’ using laboratory prepared or commercially available dyed cellulose, a conve-
nient method of measuring primarily cellobiohydrolase (EC 3.2.1.91) activity by dye release; and

(3) filter paper degrading (FPD) assay?, a simple, useful, but somewhat time consuming method, requir-
ing no sophisticated equipment.

Some investigators prefer to use alternative substrates, e.g. microcrystalline cellulose in the form of
Avicel instead of filter paper, or different forms of soluble substituted cellulose. Where these alternative
procedures appear to be justified, their use will undoubtedly continue. Again, the empirical nature of the
recommended assays will more likely be of continued value to biotechnologists thanto enzymologists, who
will find these methods lacking in theoretical definition. The need yet remains to develop accurately
defined cellulosic substrates for precise assay procedures.

It is well known that the level of B-glucosidase in an enzyme preparation may affect the result of cellulase
assays, in particular the assay of FPA®. In order to overcome this problem, it would be important in the
future either to modify the FPU assay of Mandels et al., or else to adopt a method which is not affected by
the level of B-glucosidase in the enzyme preparation. One such method is the Dyed Avicel method of
Leisola and Linko?, which was not, however, adopted in the present recommendations. Modfication of
the FPU assay would involve either addition of excess B-glucosidase so that all of the product of the
cellulolytic enzyme (s) would be measured as glucose or alternatively removal or inhibition of the 8-
glucosidase component of the cellulase enzyme so that the reaction product measured would be produced
solely by the action of the truly cellulolytic enzyme (s).

Finally it must be remembered that assay activities may not reflect potential saccharification performance.
Other considerations become of great importance to commercial cellulose hydrolysis, such as end-product
inhibition, the addition of cellobiase activity, or reactor and process configuration. These factors will vary
with different cellulase systems and significantly affect conversion efficiency.

Il. GENERAL INFORMATION

1. For soluble enzyme, filter or centrifuge culture sample to remove solids and analyze supernatant or
filtrate. For cell bound enzymes, homogenize cells in appropriate buffer such as 0.05 M citrate, pH 4.8.
Dissolve enzyme powders at 1-5 mg per ml in buffer. Dilute enzyme solutions in buffer.

2. Blanks of enzyme without substrate and substrate without enzyme are included with all enzyme assays
and sample values are corrected for any blank value.

3. For quantitative results, enzyme must be diluted or assay reaction time decreased until the amount of
product plotted against enzyme concentration is reasonably linear. For the assay procedures described
here, this would be when about 0.5 mg (or less) of glucose is produced from carboxymethyl cellulose, or
cellobiose; or 2.0 mg of glucose (or less) is produced from filter paper, or other insoluble substrates. For
insoluble cellulose, initial rates are of little value since there is always some amorphous cellulose which is
readily hydrolyzed, but rates fall off rapidly to zero if the cellulase is incomplete. For quantitative results
enzyme preparations should be compared on the basis of significant and equal conversion. Twice as much
enzyme will give equal sugar in half the time, but it will not give twice as much sugar in equal time. An
arbitrary value of 2.0 mg of reducing sugar as glucose from 50 mg of filter paper (4% conversion) in 60
minutes has been designated as the intercept for calculating filter paper cellulase units.
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4. Citrate Buffer: For Trichoderma reesei cellulase assays are carried out in 0.05 M citrate buffer pH 4.8.

210 g Citric Acid Monohydrate C¢ Hg O7. H; O
750 ml distilled water
NaOH—add until pH equals 4.3 (50-60 g)

Dilute to 1000 ml and check pH. If necessary add NaOH until pH = 4.5. This is 1 M citrate buffer pH 4.5.
When diluted to 0.05 M, pH should be 4.8.

5. Reducing Sugar Estimation by Dinitrosalicylic Acid (DNS) Method®

DNS Reagent

Mix: Distilled Water 1416 ml
3,5-Dinitrosalicylic acid 106 g
NaOH 198¢g

Dissolve above, then add:
Rochelle salts (Na-K tartarate) 306 g
Phenol (melt at 50°C) 7.6 ml
Na metabisulfite 83g

Titrate 3 ml sample with phenolpthal€in with 0.1 N HCI. Should take 5-6 ml HCI. Add NaOH if required
(2 g = 1ml 0.1 N HCI).

Glucose Standards: 0.2 — 5.0 mg-of glucose per ml or per 0.5 ml as appropriate.

Procedure: Place 1-2 ml sample in a test tube and add 3 ml DNS Reagent. Place in boiling water for 5
minutes. Cool to room temperature. Dilute samples if necessary so that light transmittance in the
colorimeter will be between 20% and 80%. Include glucose standard made up and diluted like samples.
Read % transmittance at 540 nm with a water blank for 100% T. Plot the standards on semilog paper (log
% T versus concentration). This should give a straight line intersecting abscissa at 0.04 mg of glucose. The
0.04 mg represents the glucose lost by oxidation. For accurate determination of low concentration of
glucose add 0.1 mg of glucose to each sample. Three ml of DNS Reagent will react with about 10 mg of
glucose. Therefore concentrated sugar solutions should be diluted so that samples for analysis will contain
5 mg of reducing sugar or less.

Enzyme Assays: Stanidards should be made up and diluted after boiling like the assay unknowns. For
example, for the filter paper assay use 0.5 ml of standards containing 0.2 - 5.0 mg glucose per 0.5 ml. Add
1 ml 0.05 M buffer and 3 ml DNS Reagent.

Comments:

Color develops only under alkaline conditions, so acidic samples should be neutralized.

This method is non-specific and measures any reducing compound. If glucose is used as the standard,
values for cellobiose will be 15% low and values for xylose will be 15% high on a weight basis.

Boiled samples may be left a reasonable time before reading. Unboiled samples gradually deteriorate.

lll. FOLIN PROTEIN DETERMINATION (ref. 6)

1. Reagents
Reagent A 20 g Na; COs
4 gNaOH )
distilled water to make 1000 ml
Reagent B-1 1 g CuSO4. SHO
water to make 100 ml
Reagent B-2 2 g Na K Tartarate
water to make 100 ml
Reagent C (Keep only one day)

1 ml Reagent B-1
1 ml Reagent B-2
100 ml Reagent A
Mix in this order

Phenol Reagent— IN  Dilute Folin Ciocalteau Reagent (2 N) with an equal volume of water.

10% Trichloroacetic acid in water.
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2. Soluble protein. Filter or centrifuge culture to remove solids. Use supernatant.

3. Precipitation. Place 2 ml in conical centrifuge tube (15 ml). Add 2 ml 10% trichloroacetic acid. Mix.
Incubate 30-60 minutes in refrigerator. Centrifuge 25 minutes at 2000 RPM. Discard supernatant. Dis-
solve pellet in 2 ml Reagent A.

4. Protein may also be precipitated by adding 4 ml acetone to 2 ml sample. In this case the pellet is

dissolved in 0.05 M citrate buffer of pH 4.8 and enzyme determination can also be made. This procedure is
used to measure enzyme in samples containing so much sugar that it interferes with the FP assay.

5. Place 0.5 ml sample (0.05 — 1.0 mg protein/ml) in a test tube. Add 5 ml Reagent C and mix well. Wait
10 minutes. Add 0.5 ml 1 N Phenol Reagent and mix at once. Wait 30 minutes and read % transmittance
at 750 nm.

6. Look up protein values on a calibration curve made using Bovine Serum Albumin as standard (plot
log % T vs protein concentration).

IV. CELLOBIASE ASSAY (ref.7)

Substrate: 15.0 mM cellobiose (e.g. Fluka AG, puriss, p.a., product 22150) in 0.05 M citrate buffer pH 4.8.
Fresh cellobiose solution should be prepared daily.

Method
1. Add 1.0 ml of enzyme, diluted in citrate buffer, to a small test tube. At least two dilutions must be made

of each enzyme sample investigated. One dilution should release slightly more and one slightly less than 1.0
mg (absolute amount) of glucose in the reaction conditions.

2. Temperate to 50°C.
3. Add 1.0 ml substrate solution, mix.

4. Incubate at 50°C for exactly 30 min.

5. Terminate the reaction by immersing the tube in boiling water for exactly 5.0 min.

6. Transfer the tube to a cold water bath and determine glucose produced using a standard procedure
(e.g. using a kit based on the glucose oxidase reaction).

Cellobiose blank 1.0 ml cellobiose substrate solution
1.0 ml citrate buffer
30 min, 50°C
Boil 5.0 min, cool.

Use in the GOD reaction and subtract absorbance from that of the sample. Note that a single cellobiose
blank can be used for a whole series of activity determinations for which an enzyme blank is not necessary.

Enzyme blank 1.0 ml citrate buffer
1.0 ml enzyme dilution
30 min, 50°C
Boil 5.0 min, cool.

Use in the GOD reaction and subtract absorbance from that of the sample, along with the absorbance of the
cellobiose blank. Enzyme blanks are necessary only when glucose is present in the enzyme preparation and/or
when small dilutions are used.

Note
Before continuing with the glucose determination, it is important to appreciate the following:

Commercial glucose oxidase (GOD) preparations contain small amounts of 8-glucosidase as an impurity.
This enzyme usually has only slight activity against the residual cellobiose from the cellobiase reaction
during the subsequent GOD reaction (unfavorable temperature and pH). However, it does cause an
appreciable background reading, which must be taken into account. This is done using a cellobiose blank
(see above).

Another consequence of the contaminating 8-glucosidase in the GOD preparation is that the color in the
glucose oxidase reaction does not reach a stable value in the incubation time recommended by the man-
ufacturer. Color intensity continues to increase because new glucose (substrate) for the GOD reaction is
continuously produced by the action of the contaminating 8-giucosiaase on tne residual cellobiose subs-
trate. For this reason it is recommended that the GOD reaction should be terminated by acidification,
which halts the activity of both the GOD and the contaminating 8-glucosidase enzyme. A suitable acid
addition is 0.2 ml 72% H,SOy to a reaction volume of 2-20 ml. Of course, acid should be added to all
samples, zeros, blanks and standards, regardless of whether they contain cellobiose. If the reaction is not
terminated by addition of acid, it is necessary to read the absorbances of all the samples after exactly the
same time from the start of the GOD reaction.
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Unit Calculation

1. Determine the glucose concentrations (mg ml~!) in the cellobiase reaction mixtures obtained using at
least two different enzyme dilutions.

2. Multiply by 2 to convert glucose concentrations into absolute amounts (mg).

3. Translate enzyme dilutions into concentrations:

1 volume of enzyme sample in dilution)

concentration = ——— = —
dilution ( total volume of dilution

4. Estimate the concentration of enzyme which would have released exactly 1.0 mg of glucose by plotting
glucose liberated (2) against enzyme concentrations (3) on semilogarithmic graph paper.

5. Calculate cellobiase activity:
0.0926 .
B = - units ml !
enzyme concentration to release 1.0 mg glucose

Derivation of the Cellobiase Unit

The unit of cellobiase (CB) is based on the International Unit (IU)

11U = 1 umol min—1 of substrate converted
= 2.0 umol min —1 of glucose formed in the case of the CB reaction

The absolute amount of glucose released in the CB assay at the critical dilution is 1.0 mg:

1.0 mg glucose = 1.0/0.18 umol glucose
= 0.5/0.18 umol cellobiose converted

This amount of cellobiose was converted by 1.0 ml enzyme in 30 min, i.e., 1.0 mg glucose = 0.5/0.18 x 1.0
x 30 umol min~! ml ~! cellobiose converted = 0.0926 wmol min— ! mi-!. Therefore, the estimated amount of
enzyme which releases 1.0 mg glucose in the CB reaction contains 0.0926 units, and

0.0926 .
= units ml ~!

B enzyme concentration to release 1.0 mg glucose
Note: cf end of FPU unit derivation.

V. FILTER PAPER ASSAY FOR SACCHARIFYING CELLULASE (FPU Assay) (ref. 8)

Substrate: Whatman No. 1 filter paper strip, 1.0 X 6.0 cm (= 50 mg).

Method
1. Add 1.0 ml 0.05 M Na-citrate, pH 4.8, to a test tube of volume at least 25 ml.

2. Add 0.5 ml enzyme, diluted in citrate buffer. At least two dilutions must be made of each enzyme
sample investigated. One dilution should release slightly more and one slightly less than 2.0 mg (absolute
amount) of glucose (= reducing sugars as glucose) in the reaction conditions.

3. Temperate to 50°C, add one filter paper strip, mix (NB! it does not matter if a small part of the paper
is above the liquid surface, but if the paper “winds™ up the tube it must be pushed down again).

4. Incubate 50°C, 60 min.
5. Add 3.0 ml DNS, mix. Transfer tube to a rack on the table.
6. Boil for exactly 5.0 min in a vigorously boiling water bath containing sufficient water. All samples,

enzyme blanks, glucose standards and the spectro zero should be boiled together. After boiling, transfer
to a cold water bath.

7. Add 20 ml deionized or distilled water. Mix by completely inverting the tube several times so that the
solution separates from the bottom of the tube at each inversion (NB. This is important!).

8. When the ‘pulp’ has settled well, i.e., after at least 20 min, the color formed is measured against the
spectro zero at 540 nm. If the paper pulp does not settle, it will do so after stirring with a glass rod. (The
necessity for stirring can be seen after only a few minutes of settling time).

Spectro Zero Enzyme blank
1.5 ml citrate buffer 1.0 ml citrate buffer
3.0 ml DNS 0.5 ml enzyme
5 min boil, 20 ml H,O, etc. 3.0 ml DNS
Spectro zero is used to set the spectrophotometer  Boil, HyO, etc.
at zero absorbance. Color measured against spectro zero and subtracted

from the value of the appropriate reaction tube.
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Standards Glucose Stock solution

0.5 ml standard 10 mg ml —lanhydrous glucose.

1.0 ml citrate buffer Aliquots of 5-10 ml can be stored frozen.
3.0 ml DNS Remember to stir well after thawing.

Boil, etc. and measure against spectro zero.  Djjutions:

1 ml + 0.5 ml buffer = 1:1.5 = 6.7 mg ml—1 (3.35 mg/0.5 ml)
1 ml + 1.0 ml buffer = 1:2 = 5.0 mg mlI—1 (2.5 mg/0.5 ml)
1 ml + 2.0 ml buffer = 1:3 = 3.3 mg ml—1 (1.65 mg/0.5 ml)
1 ml + 4.0 ml buffer = 1:5 =2.0mgml—1 (1.0 mg/0.5 ml)

Unit Calculation

1. Construct a linear glucose standard using the absolute amounts of glucose (mg/0.5 ml) plotted

against As40_

2. Using this standard, translate the absorbance values of the sample tubes (after subtraction of enzyme

blank) into glucose (= mg glucose produced during the reaction).
3. Translate the dilutions used into enzyme concentrations:

1 volume of enzyme in dilution

concentration =——— = —
dilution ( total volume of dilution

4. Estimate the concentration of enzyme which would have released exactly 2.0 mg of glucose by plotting
glucose liberated (2) against enzyme concentration (3) on semilogarithmic graph paper.
5. Calculate FPU: 0.37

= units ml—1
FPU enzyme concentration to release 2.0 mg glucose

N.B. Because the FPU assay is non-linear, the use of the International Unit per se is incorrect as this unit
is based on initial velocities, i.e., linear reactions in which product is formed at the same rate during each
and every minute of the reaction. Therefore, it is recommended that the results are expressed simply as
units per milliliter, as in the given example.

Derivation of the FPU Unit

The unit of FPU is based on the International Unit (IU)
11U = 1 umol min—1 of substrate converted
= 1 umol min—1 of “glucose” (reducing sugars as glucose) formed during the hydrolysis reaction
= (.18 mg min—1 when product is glucose
The absolute amount of glucose released in the FPU assay at the critical dilution is 2.0 mg:
2 mg glucose = 2/0.18 umol
This amount of glucose was produced by 0.5 ml enzyme in 60 min, i.e., in the FPU reaction:
2 mg glucose = 2/0.18 X 0.5 X 60 wmol min—1 ml -1
= 0.37 pmol min—1 ml -1 (IU ml-1)
Therefore, the estimated amount of enzyme (= critical enzyme concentration = ml ml—1) which releases 2.0
mg glucose in the FPU reaction contains 0.37 units, and:
0.37

FPU = - - units ml -1
enzyme concentration to release 2.0 mg glucose

Note to the FPU, CMC and Cellobiase Methods

The assays of FPU, CMC and cellobiase are all based on the same principle of estimating a fixed (rather
large) amount of glucose from the relevant substrate. As a result, workers performing these assays for the
first time may be surprised by the very high spectrophotometer absorbances required in attaining release
of the critical amount of glucose. If, depending on the light path of the colorimeter used, it is found that the
color formed is so dense that it cannot be measured, it is permissible to dilute the color before measure-
ment (e.g. by adding 1.0 ml distilled water to 1.0 ml of the colored solution, mixing and multiplying the
glucose obtained by 2). However, because the enzymatic reaction is nonlinear, it is not permissible to use
results from more dilute enzyme dilutions and extrapolate to the critical release of glucose. The instruc-
tion appearing in-all three assay methods to the effect that one dilution should release more and one less
than the critical amount of glucose must be observed in all cases.
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When assaying low levels of activity, it may be found that even the undiluted enzyme releases less than the
critical amount of glucose. In this case calculate the activities from the amounts of glucose (absolute
amounts) released by the undiluted enzymes as follows:

1. FPU= mg glucose released X 0.185
Derivation

1.0 mg glucose = 1.0/0.18X0.5xX60 umol min —1 ml -1 substrate cleavage
= 0.185 units ml—1
2. CMC = mg glucose released x 0.37
Derivation
1.0 mg glucose = 1.0/0.18 X 0.5 X 30 umol min —1 ml—1 substrate cleavage

= 0.37 units ml -1
3. CB = mg glucose released x 0.0926

Derivation
1.0 mg glucose = 0.5/0.18 X 1.0 x 30 wmol min—1 ml -1 substrate cleavage
= 0.0926 units ml—1

In all three cases, if accurate results are desired, undiluted enzyme should be used only when the amount
of glucose released is below or equal to the critical amount of glucose in the reaction concerned.

Vl. CARBOXYMETHYL CELLULASE ASSAY FOR ENDO-3-1, 4- GLUCANASE (ref. 8)

Substrate

2% Carboxymethyl cellulose CMC 7L2 (degree of substitution = 0.7) (Hercules Inc., Wilmington, Delaware
19899, USA) in 0.05 M sodium citrate buffer, pH 4.8.

Method

Add 0.5 ml enzyme, diluted in citrate buffer, to a test tube of volume at least 25 ml. At least two dilutions
must be made of each enzyme sample investigated. One dilution should release slightly more and one
slightly less than'0.5 mg (absolute amount) of glucose (= reducing sugars as glucose) in the reaction
conditions.

2. Temperate to 50°C.

3. Add 0.5 ml substrate solution, mix well and incubate at 50°C for 30 min.

4. Add 3.0 ml DNS, mix. Transfer to a rack on the table.

5. Boil for exactly 5.0 min in a vigorously boiling water bath containing sufficient water. All samples,
enzyme blanks, glucose standards and the spectro zero should be boiled together. After boiling, transfer
immediately to a cold water bath.

6. Add 20 ml deionized or distilled water. Mix by completely inverting the tube several times so that the
solution separates from the bottom of the tube at each inversion (N.B. This is important!).

7. Measure the color formed against the spectro zero at 540 nm. When necessary (i.e., when small
dilutions are used), the color formed in the enzyme blank (see below) is subtracted from that of the
sample tube.

8. Translate the absorbance of the sample tube (corrected if necessary by subtraction of the enzyme
blank) into glucose production during the reaction using a glucose standard curve (see below).

Spectro Zero Enzyme Blank

0.5 ml substrate solution 0.5 ml substrate solution
30 min, 50°C 30 min, 50°C

3.0 ml DNS 3.0 ml DNS

0.5 ml citrate buffer, mix
Boil 5.0 min, add 20 mi H,O
Zero at 540 nm

Standards

0.5 ml substrate solution

30 min, 50°C

3.0 ml DNS

0.5 ml standard

Boil 5.0 min, add 20 ml H,O
Measure at 540 nm

0.5 ml enzyme dilution
Boil 5.0 min, add 20 ml H,O
Mecasure at 540 nm

Glucose Stock Solution

2 mg ml-! anhydrous glucose

Aliquots of about 5 ml can be stored frozen

Remember to stir well after thawing
Undiluted =2.0 mgml—1 (1.0 mg/0.5 ml)
1.0 ml + 0.5 ml buffer = 1:1.5 = 1.33 mg mi—1 (0.67 mg/0.5 ml)
1.0 ml + 1.0 ml buffer = 1:2 = 1.0 mgml—1 (0.5 mg/0.5 ml)
1.0 ml + 3.0 ml buffer = 1:4 = 0.5 mg ml—1(0.25 mg/0.5 ml)
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Unit Calculation

1. Construct a linear glucose standard using the absolute amounts of glucose (mg/0.5 ml) plotted against
As4o.

2. Using this standard, translate the absorbance values of the sample tubes (after subtraction of enzyme
blank) into glucose (= mg glucose produced during the reaction).

3. Translate the dilutions used into enzyme concentrations

1 volume of enzyme in dilution

concentration = - = —
dilution ( total volume of dilution

4. Estimate the concentration of enzyme which would have released exactly 0.5 mg of glucose by
plotting glucose liberated (2) against enzyme concentration (3) on semilogarithmic graph paper.

5. Calculate CMC
0.185 .
CMC = units mi-!
enzyme concentration to release 0.5 mg glucose

Derivation of the CMC Unit
The unit of CMC is based on the International Unit (IU) and its calculation is analogous to that of the unit
of FPU.

1 IU = 1 umol min—1 of liberated hydrolysis product
=0.18 mg min—1 when the product is glucose

The critical amount of glucose in the CMC assay is 0.5 mg:
0.5 mg glucose = 0.5/0.18 umol
This amount of glucose was produced by 0.5 ml in 30 min, i.e., in the CMC reaction

0.5
0.5 mg glucose =m pmol min~1 ml-1
=0.185 pmol min—! mI-1 (IU ml-1)

Therefore, the estimated amount of enzyme (= critical enzyme concentration, ml. ml—1) which releases
0.5 mg glucose in the CMC reaction contains 0.185 IU, and:

. -1
oMC = — 0.185 IU ml
critical enzyme concentration  ml ml—!
0.185
= - units mi—1

critical enzyme concentration

NB. Because the CMC assay is non-linear ... (see end of FPU derivation).

VIil. ADDITIONAL ASSAY PROCEDURE FOR ENDOGLUCANSE (HEC
Assay) (ref. 9)

Substrate

1.0% HEC (Hydroxyethylcellulose, medium viscosity, Fluka AG_pract., product 54290, DP 450, DS
0.9-1.0) in 0.05 M citrate buffer, pH 4.8. The HEC powder is dissolved using a magnetic stirrer for at least
one hour, after which it must stand for a further 1 h to clarify. The solution may be stored for 2 weeks at
+4°C.

Method

Add 1.8 ml substrate solution to a 15 ml test tube, preferably using an automatic pipette.
Temperate to 50°C.

Add 0.2 ml of enzyme solution diluted in citrate buffer, mix.

Incubate 50°C, 10 min.

Add 3.0 ml DNS, mix. Transfer to a rack on the table.

6. Boil for exactly 5.0 min in a vigorously boiling water bath containing sufficient water. All samples,
enzyme blanks, glucose standards and the spectro zero should be boiled together. After boiling, transfer
to a cold water bath.

AW
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7. Measure the color formed against the spectro zero at 540 nm, after correction for the enzyme blank
(see below) when necessary (low dilutions).

Spectro zero

1.8 ml HEC

10 min, 50°C

3.0 ml DNS

0.2 ml citrate buffer

Boil 5 min, cool and
zero at 540 nm

Standards

1.8 ml HEC
10 min, 50°C
3.0 ml DNS

Enzyme Blank

1.8 ml HEC

10 min, 50°C

3.0 ml DNS

0.2 ml enzyme dilution

Boil 5 min, cool and measure color at 540 nm

Glucose Stock Solution

10-2 M (e.g. 0.18 g in 100 ml citrate buffer) anhydrous glucose
of high purity.

Aliquots of 5-10 ml can be stored frozen.

0.2 ml glucose standard

Boil 5 min, cool and measure
color at 540 nm

Stir well after thawing.

Undiluted ~=1:1 = 10.0 umol ml~1 (16.67 nkat ml—!1*)
1.0 ml + 1.0 ml buffer = 1:2 = 5.0 umol ml~! ( 8.33 nkat ml—1)

1.0 ml + 2.0 ml buffer = 1:3 = 3.33 umol ml~! ( 5.56 nkat ml—!)
1.0 ml + 3.0 ml buffer = 1:4 = 2.5 umol ml~!( 4.17 nkat ml—1)

*A glucose concentration of 10 umol ml~! in the standard is equivalent
to 16.67 nkat ml—! in the enzyme reaction:

10 pmol ml—1 x 1/600 s X 1000 = 16.67 nmol s—! ml—! (nkat ml—1)

Unit Calculation

1. Construct a linear glucose standard by plotting absorbances at 540 nm (ordinate) against glucose
concentration converted to nkat ml—1 as in the example above (abscissa). Use this glucose standard to
read enzyme activities directly as nkat ml~1 after determining the extent of linearity of the enzyme
reaction as described below

2. Perform the enzyme assay procedure using a suitable dilution series of enzyme. Measure against the
spectro zero and use enzyme blanks if necessary (i.e., if small dilutions are used). Plot absorbance at 540
nm against enzyme concentration (dilution—1). Only enzyme dilutions yielding results within the linear
region can be read from the linear glucose standard as nkat ml~!.

In practice, it is usually necessary to determine the extent of linearity of the HEC reaction only once for
enzyme from any given organism. The range of linearity for Trichoderma enzyme is at least 5-15 nkat
ml—1. When working with other organisms. it may be found that linearity of the enzyme reaction continues
beyond this level, in which case a glucose standard extending to higher absorbances may be constructed.

Vill. EVALUATION OF CELLULASE UNDER PROCESS CONDITIONS

Enzyme assays are carried out on pure cellulose or cellulose derivatives and are normally of short
duration. A practical process will usually be based on crude or waste cellulose. Enzyme unit values are
based on limited conversion of the substrate. Hydrolysis rates decline with time due to depletion of the
more amorphous substrate, product inhibition, and enzyme inactivation. Therefore, it is often desirable
to evaluate an enzyme preparation under process conditions. It has been known for some time that a plot
of sugar produced in a given time versus the log of enzyme concentration gives a straight line. This
relationship can be generalized and applies when the percent saccharification at any given time is plotted
against the log of enzyme units per gram initial substrate. Under favorable hydrolysis conditions, includ-
ing adequate mixing, this straight line relationship usually applies from about 10% to 60% or more
conversion, and such plots can be used to predict the quantity of enzyme (and substrate) required to
produce the desired sugar concentration within a selected time. Addition of supplemental 8-glucosidase
or other favorable change in conditions will increase values to generate an analogous linear plot. As a
result of these kinetics very large quantities of enzyme are required if high conversions and concentrated
sugar syrups are desired.

Procedure (refer to Figure 1)
1. Select a suitable substrate and give it the required pretreatment.

2. Carry out saccharification in 50 or 100 ml volume in shake flasks using 2 or 3 substrate concentrations,
for example 5, 10 and 15%, and a few enzyme concentrations, for example 0.125, 0.25, 0.5 and 1.0 Filter
Paper Cellulase units/ml to give initial enzyme/substrate ratios of about 1-20. Temperature and pH should
be optimum, 50° and 4.8 for Trichoderma cellulase. Incubate on shaker for 24-48 hours, sample, and
estimate total reducing sugar in the supernatant by DNS or other procedure.
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Figure 1: Effect of enzyme substrate ratio and added B-glucosidase on percent conversion.

3. Calculate percent saccharification at each time as
reducing sugar (mg/ml) x 0.9 x 100
initial substrate (mg/ml)

4. Plot percent saccharification vs logarithm of initial enzyme/substrate ratio. This should give a straight
line.

5. If supplemental cellobiase is added it should be at a level to give one cellobiase unit (including
cellobiase in cellulase preparation) per filter paper cellulase unit.

Note:

For evaluation of cellulase under process conditions, all important parameters like pretreatment of the
lignocellulosic substrate (if done), cellulose/hemicellulose concentrations, source, size and water contents
of the substrate, pH, temperature, time of saccharification, nature of agitation, addition of supplemental
enzyme (if any) and the composition of sugars released should be provided in each case of evaluation.

IX. GENERAL REMARKS

1. It should be noted that the recommended methods apply to the estimation of activities of extracellular
cellulase enzymes produced by the fungal species Trichoderma and not necessarily to other cellulase
systems elaborated by the fungi Phanerochaete, ‘Penicillium, Fusarium, etc. and the obligate anaerobes
Clostridium thermocellum. 1t is likely that several of the recommended procedures will equally apply to the
assay of other enzyme systems but these must be separately and adequately tested in each case before
these become accepted standard assays.

2. More exactly defined substrates like higher cello-oligosaccharides should be developed for characteri-
zation of cellulase system and components from a biochemical point of view to help understand the mode of
action of cellulases in cellulose hydrolysis.
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