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Enzymes are proteins and they are not conventional or easy method for the removal
of impurities from a painted surface. They can be used if conventional methods (dry
mechanical methods, chelating agents, water of modified pH, tensides and solvents) do not
yield satisfactory results. To evaluate the suitability of enzymes in cleaning of painted

surface, the following should be taken into consideration:

1. what is impurity to be removed, i.e. what are its dominant bonding forces (in adhesion
and cohesion);
2. what is binder of the layer that must not be damaged;

3. disintegration of which bonds is catalized by specific enzyme.

What is an impurity on the painting?

Impurity can be defined as a material at the wrong place. The impurities on paintings
disturb the perception of artistic creation. Thus defined impurity can refer to all the material
that disturbs the perception of artistic creation, e.g. foreign material (dust, grease, spots,
inappropriate glues, inappropriate fills, and inappropriate or discolored retouchings or
overpaints resulting from previous restorations). Impurity can also result from the alteration
of original materials (unacceptably discolored varnish and corrosion products).

Impurity is the material that is bound to the painting by certain forces. Cleaning can
be regarded as the ratio between the adhesion forces of impurity particles on an object and of
the cohesion forces of the molecules of the object that must not be damaged by cleaning.
Adhesion forces are electrical forces, capillary forces, electrostatic forces (Columbus forces)
and three (inter)molecular forces (forces of polarity, forces of hydrogen bonds and primarly -
dispersion forces).

There are differences between adhesion and cohesion forces of various impurity
types; therefore, it is essential to approach the cleaning layer by layer or type by type. One
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method would be suitable for the removal of airborne impurities, the other method would be

suitable for the removal of discolored varnish etc.

Enzymes

Enzymes are proteins that can be found in all living cells where they regulate
metabolic processes. They catalyze disintegration of organic materials into simpler
compounds thus enabling or accelerating chemical processes. Once the reaction is completed,
the enzyme remains unchanged. However, the shelf life of enzymes is limited, and enzymes
that are used for cleaning purposes are usually used only once. Theoretically, each type of
enzyme should catalyze disintegration of the only one specific type of the material. In some
cases, they limit their action to specific bonds.

Enzymes are also very specific with respect to the environment in which they act.
Each enzyme is an active catalyst only if optimal pH and temperature are achieved. In the
case of commercial enzymes, the information about their optimal activity is given by the
manufacturer in the documentation, or this information can be found in one of the relevant
Internet databases. Enzymes are not active in adverse conditions.

However, the tests conducted in the Croatian Conservation-Restoration Institute with
available enzymes confirmed previous conclusions of Pia DeSantis (Some Observations on
the Use of Enzymes in Paper Conservation, Journal JAIC 23, 1983) that not both the
optimal temperature and pH should be strictly maintained for a successful use of enzymes
(only one of them has to be strictly maintained). Moreover, the temperatures elevated to
achieve optimal activity showed to be counterproductive as the applied gel dried too fast and
the heat has potentialy negative efects to the paint layer. Temperature range of activity for
enzyme complexes are 20-40°C, usually 35°C. For thermstabile enzymes temperature
activity range is 50-80°C, usually 70°C.

Enzymes produced for the detergent industry can be used for the cleaning of painted
surfaces. They can be classified into 4 basic groups: amylases, cellulases, lipases and
proteases. However, this is only a rough classification since some enzymes can have
properties of more than one group. Amylases are primarily used for disintegration of
molecular bonds of polysaccharides, such as vegetable gums and starch. Lipases catalyze
disintegration of molecular bonds of fats and oils. Proteases catalyze disintegration of

protein molecular bonds, and some can even disintegrate casein tempera very selectively.



Cellulases catalyze disintegration of molecular bonds in cellulose or aid the removal of
impurities from cellulose, etc.

Deactivation of enzymes is an issue that requires due attention. Enzymes can be
temporarily deactivated by a sudden change in pH and temperature so that both conditions
for their activity are not met. They can be also deactivated by heat or by organic solvents,
which can serve for their more complete physical removal from the painting. A possible
spontaneous reactivation of enzymes remaining in the painted layer is a topic receiving lots
of attention. This topic often prevails in the personal evaluation of suitability of enzymes for
cleaning of paintings. In any case, enzymes are proteins with limited shelf life.

In cleaning the paintings the appropriate enzyme can be efficient and selective agent
for removal of impurities that have strong molecular bonds. There are two prerequisites for

the successful use of enzymes:

1. an analytical laboratory providing the reliable information to the conservator-restorer
about a type of the binder, i.e. the binder of the layer to be removed and the binder of the
underlying layer that should not be damaged. It would be logical to use the enzymes that
catalyze desintegration of the molecular bonds of the material to be removed and that
exert no action on the material to be preserved. However, this does not have to be this
simple.

2. The greatest problem in the use of enzymes for cleaning of painted surfaces is that one
should have stocks of fresh active enzymes in a refrigerator, i.e. various lipases,
proteases, cellulases, all of which have their price and a limited shelf life. When ordering
the enzymes, one should be aware of the fact that they will be used for tests, a few of
which will be positive (if any!). When a particular enzyme proves as efficient, either the
quantity necessary for the entire job or the possibility of its purchase should be ensured.

This may not be easy in the case of non-commercial laboratory samples.

Removal of impurities from paintings and the use of enzymes

When we talk about enzymes, we have to emphasize that they should not be
regarded as an alternative to other methods, but as the agents that supplement them. We shall
provide a few examples where enzymes were successfully used, while other methods and

agents did not yield the results of comparable quality.



Removal of oil overpaint from resin varnish or glaze

Enzymes have proven to be irreplaceably selective in the removal of oil overpaint
from resin varnish or glaze. In theory, no pH or solubility parameter of organic solvents can
enable the removal of oil overpaint from the resin varnish without damaging it since the oil
solubility zone in the Teas triangle is within the resin solubility zone. The example we have
is the removal of the oil overpaint from the retable of the lateral altar from the St. Jacob's
Church (the island of Ciovo). The commercial oil overpaint covers the layer of marbling
made with oil-resin glazes. It can be seen on figure 1. that the attempts to remove the
overpaint with hydrolysis, detergency or with organic solvents are damaging the glazes or

they do not swell enough the overpaint.




On the figure 2, can be seen the test of softening or removing the oil based overpaint with:

(A) buffered gel 20 min + scalpel

(B) dry cleaning (scalpel)

(C) cleaning with scalpel after softening the overpaint with buffered gel and the added
enzyme. The test shows that the addition of lipase does enable a fine and soft peeling
of the overpaint with a scalpel without damaging the resin glaze. In this case,
successfully was used Lipase 0763 Type XII (Sigma) dissolved in gel made of Aqua
purificata (Magdis) and 5% of Klucel G (Hercules). It was dissolved in the ratio of
1g of lipase/1dl of buffered gel. The gel was buffered to pH 7.7 with TRIS (Kemika),

and exposed at room temperature for 20 minutes.

Removal of casein overpaints from the egg tempera or emulsion tempera layers

Another use where is hard to find an alternative to the enzymes is the removal of
casein overpaints from the egg tempera or emulsion tempera layers. In an attempt to
carefully remove the overpaint with a scalpel, the color often flakes off because egg tempera
is softer than casein tempera. After softening the overpaint with the appropriate protease, the
casein overpaint can be softly peeled off without damaging the egg tempera. The example is
the painting of the Madona with a child attributed to circle of Paolo Veneziano and owned
by the Parish Church of the Assumption in Crikvenica. The painting had been already
«restored» twice. The first restoration was overpainting the image with casein tempera. The
original color was covered with a fine network of cracquelures; the casein overpaint has no
cracquelures and it is much thicker and has much rougher pigments than the original.

The second restoration was overpainting the image with the semi-covering oil colors
and powder gold bound by damar varnish. The restorer who retouched the painting with oil
color tried to remove the casein overpaint beforehand, however, the results were very poor.
The casein tempera partly remained and the original painting was badly overcleaned.

In this delicate case, first was removed the layer of airborne impuritys, and then the
oil retouching. After the removal of the oil retouching with organic solvents, successfully
was applied the protease Esperase ® 8.0 L (Novozymes) dissolved in the concentration of
10% in gel made of Aqua purificata (Magdis) and 5% of Klucel G (Hercules), buffered to pH
9.0 with TRIS (Kemika), and exposed at room temperature (19°C) for 20 minutes. Kasein



tempera was softened for easy mechanical removing, and egg tempera remained unafected

by enzyme gel — figure 3.

Fig 3.

Removal of discolored aged cherry gum layer contaminated with oils and resins in

previous restorations

The third example to be presented has opened several questions and encouraged
some subsequent analyses. These are the paintings of Hans Georg Geiger from the triptych
of the Zagreb cathedral sacristy.

The dirt from the surface of the paintings was removed with 5% aqueous solution of
triammonium citrate (Aldrich). The varnish and the retouching from the previous restoration
operations were removed with xylene, toluene and ethanol. The haze that got in the way of
the perception of the paintings while they were varnished with the old varnish was now an
even greater obstacle to the perception of the paintings, because the effect of wetting was
now gone.

A trial at the mechanical removal of the haze was done with the help of a microscope

at a magnification of 40x. It was seen that the haze was extremely tightly bound to the paint
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layer. Scraping too frequently broke the paint layer under the pressure of the scalpel, but the
bond between paint and haze did not break. And so the removal of the haze in a mechanical
manner would last interminably, with a result that would not be of a sufficiently high quality.
Additionly the haze proved to be ireversible with all the conventional chemical means that
were tried, either doing nothing to the haze, or damaging the paint layer. Trials were done on
small discrete areas of the paintings. They included the prolonged action of water (up to 120
min), acid hydrolysis up to pH 3.0, ammonium hydroxide hydrolysis at different
concentrations and exposure times, chelating agents, tensides and organic solvents.

The scientific analysis obtained from HRZ laboratory and colaborators revealed that
the haze mainly consisted of the cherry tree gum, litle amount of animal glue and an
unidentified chloroform-soluble component (about 3%), while the paint layer was protein
tempera emulsion. After failure of all tested conventional methods for haze removal enzymes
were tested. First, three different amylases were tested, but positive result was not obtained.
First was tested BAN 480 L® (Novozymes), than was tested powdery amylase sold by the
Italian company Phase (Phase enzima amilasi lotto 01511), and than amylase (technical
grade) obtained from the laboratory of the pharmaceutical company Pliva Zagreb. The
equaly unsatisfactory result was obtained with BAN 480 L® (Novozymes) maintaining both
optimal pH of activity and optimal temperature at 70°C. The probe was placed next to the
thermometer and temperature was maintained with small IR electrical heater for 20 minutes.
The equaly unsatisfactory result was obtained after many modifications of surface tension,
methods of aplication, concentration of enzymes, and exposition intervals.

After that, a series of other enzymes (cellulases, proteases and lipases) were tested.
Theoretically, they should not have acted on the polysaccharides of the cherry tree gum;
however, the intention was to test their synergetic effect, synergetic effect with tensides and
synergetic effect with additionally modified pH.

Fig. 9,10, 11

Alcalase 2.5 L® (Novozymes) and Esperase 8.0 L (Novozymes) are proteases. First,
wery small tests were made. The color layer on the painting has not been damaged by the
action of enzymes, although the scientific analysis showed that protein tempera was used as
the binder.

And CIPzyme® (Novozymes) as well as the other tested enzymes did nothing.

Lipex 100 L® (Novozymes) is lipase that reaches optimal activity at pH 7.0 and the
temperature of 30°C. For probe 2 ml of Lipex 100 L were added to 8 ml of Aqua purificata
(Magdis) buffered with TRIS (Kemika) to pH 7.0. A small piece of the absorbing paper was
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placed on a discrete area of the painting and soaked to saturation with enzyme solution. It
was allowed to stand on the painting for 20 min. Probe was made at room temperature (25°C

and RH 63% - measured by Testostor 171).

BAN 480 - GEL

esperase || | CIPZYME

Fig 4

Unexpectedly, lipase Lipex 100 L® was successfully applied in this case - figure 5.
Lipeks softens and gels the haze layer on the painting surface that can be at some places
removed by the careful rubbing with a wet cotton swab. At the places where it is more
rubbery and stickier and where the paint layer is rougher it can be well removed with a
fiberglass brush. The paint layer remains undamaged under the action of Lipex. However,
the rubbing with a fiberglass brush should be carefully controlled as the paint layer is
softened by water. A described cleaning method with Lipex had been tested on other colors

before it was applied on central parts and figures. The result was very good - figure 6.



LIPEKS

Fig 6

A positive result with Lipex opened a new question: does the lipase Lipex 100 L®
(Novozymes) exert a partial activity of amylase (another tested lipase L 0763 Type XII®
(Sigma) gave negative results in this particular case). The subsequent tests on the samples of
various gums showed that Lipeks 100 L did not exert some amylatic activity. Although it is
known that some lipases can have amylatic activity, it seems that this was not the case in this
particular example. The tests to dissolve the gums of cherry, sour cherry, plum and walnut
did not show that (aqueous!) enzyme gel could dissolve gums faster than the gel without the
addition of enzymes. The gums swelled due to the water from the buffered enzyme gel. The
water from the gel also causes swelling of the animal skin glue that is proved by scientific

analysis in the haze to a smaller extent. It seems that Lipex 100 L® acted on the approx. 3%
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of the haze that is unindentified and soluble in chloroform. These 3% could hydrophobize

the haze or change the solubility parameter of the cherry tree gum.
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