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Preface

Science and passion

Passion and Science is the motto of Gotland University. It is also a motto that 
personifi es Frantisek Makes. Recently I have had the privilege of getting to know 
Frantisek Makes and his work. It is rare to meet a person who has such a passion 
for his profession, and for what he wants to accomplish. His mission has been very 
successful, maybe due to his ability to create tools and methods, where others 
have failed.

Integrated conservation is an important part of the profi le of Gotland University. 
It is an area where we can offer unique undergraduate education programs, as well 
as research, in which we have been recognized both nationally and internationally. 
We are now taking steps to strengthen this area. It is therefore a great pleasure for 
us to have been offered the opportunity to publish Frantisek Makes’ latest book, 
and thus to make a contribution to our common knowledge for preserving cultural 
heritage. 

Jörgen Tholin
Vice-Chancellor

Gotland University

Diagnosis and climate change

With this publication Frantisek Makes has once more contributed to the 
understanding of art, and its preservation, to the enlightenment and joy of current 
and future generations. The fact that Makes is a true amateur of art - in the real 
sense - in combination with his personal background explains and has been 
a prerequisite for his achievements. There is often a strong personal commitment 
behind such a considerable workload. Makes is convinced that it is the responsibility 
of all Europeans to safeguard their common heritage, in particular works of art. He 
passionately believes in education through which art preservation can be developed 
as a cross-disciplinary or multi-disciplinary subject. Education is also a way to 
meet future needs and to solve issues of conservation and restoration. For him, 
vocational training of antiquarians and restorers needs to be further developed, 
and professionals need to become more skilled, like up-to-date physicians in 
comparison to quack doctors of the old days. Any treatment or the lack thereof has 
to be based on diagnosis, and not just on mere trial and error.

With the focus on biological means for restoration and conservation Makes´ in general 
and the topic of this publication in particular draw the attention to the enhanced risks 
for cultural assets in times of global climate change. A probable scenario includes 
higher temperatures and an increased variation of temperatures. This in itself 
promotes reaction velocity as well as longer periods of high relative humidity and 
more events of water condensation, which may promote mould growth. One way to 
safeguard cultural heritage is to be aware of these risks and to be prepared for new 
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challenges and new strategies to solve problems. Makes´ work may well serve as 
an inspiration and a scientifi c basis for that.

This latest publication of Makes´ oeuvre is also the third in which I have been 
involved by proof reading and through scholarly scrutiny. It has been a privilege to 
get to know both Makes himself and his ideas about conservation and restoration. 
I wish that this publication fi nds its way to many readers world wide and that it 
will contribute to the continued discussion on how, why and when conservation is 
benefi cial or not.

Maria Brunskog, PhD
Conservator-restorer of furniture, Associate Professor

Head of Programme in Integrated Conservation
Gotland University

“Vertumnus” at Skokloster Castle

Skokloster is rather exceptional amongst the European castles. It was built during 
the short period when Sweden was a dominant power in continental Europe. At 
that time Sweden had also shaped the Baltic Sea as a nearly domestic sea by 
occupying all the shores and land around it, apart from the Danish shores and 
a small section of the German coastline. Swedish ships controlled much of the 
waters between these lands, at least occasionally.

Skokloster is the biggest castle ever built in Sweden by a private family. Among 
its nearly one thousand paintings, Giuseppe Arcimboldo´s The Emperor Rudolf II 
as Vertumnus is one of the best known paintings in the world. Besides paintings, 
the castle holds an enormous collection of almost everything connected to the 
Baroque period, i.e. the mid 17th century.

On a large part of the continent the Thirty Year war had been devastating for the 
European people as well as for the Holy Roman Empire, with much of its land 
inside the borders of today’s Germany. For centuries the Emperor had been elected 
from the Habsburg dynasty and its main land Austria with Vienna as the imperial 
residence.

In 1575, when he was twenty three years old, the Archduke Rudolf was elected 
King of Bohemia. At that time the electors in Bohemia had asked his father, the 
Emperor Maximilian II that the young king should learn Czech and continue to 
reside in Prague. Just a few years later in 1583, Rudolf II, now Emperor after his 
father’s death, moved the imperial capital from Vienna to Prague.

Many of the scholars, artists and architects that had worked for the last Emperor in 
Vienna now moved to Prague or worked on commission from a distance. The most 
famous of them today is certainly Giuseppe Arcimboldo. He originally came from 
Milan and had worked already for Ferdinand I (the father and predessor of Maxilian 
II), for whom he painted The Librarian or The Scholar, in 1560, possibly a portrait 
of the court historian Wolfgang Lazius. A more recent copy of the painting (the 
original has disappeared) is now at Skokloster Castle.



Gotland University Press 12

9

Ferdinand´s son and successor Maximillian II, took over his father’s artists. For his 
coronation he ordered the best possible artefacts from all over Europe. Among the 
most expensive ones were new armours and especially a shield made by Eliseus 
Libaerts from Antwerp. This shield is now also at Skokloster.

When Rudolf II moved his capital, a great number of objects of the imperial court 
collection, assembled by both Ferdinand I and Maximilian II, were also moved to 
the new Gallery at Prague Castle created by Rudolf. Not only the imperial objects 
but also the entire court and the court nobility moved to the Lesser Town or 
Mala Strana in the vicinity of the castle. In 1612 Emperor Rudolf II died and his 
successor moved the capital back to Vienna. Over the years at least 100 wagons 
full of artefacts were brought back to the imperial collections in the Hofburg.

Thirty-six years later Swedish troops under the command of the Swedish Field 
Marshall Königsmarck were standing outside the gates of Prague’s Lesser Town. 
Through a brave and very successful attack they took the whole Lesser Town 
together with the castle and its contents as well as the majority of the palaces of the 
Czech nobility. This happened in the early morning of 16 July 1648. The Swedish 
troops stayed in Prague for the rest of the year, even after the peace treaty had 
been signed in Osnabrück and Münster on 24 October. Field Marshall Count Carl 
Gustaf Wrangel, the owner of Skokloster, did not reach Prague until the end of 
November of that year and stayed there only for two weeks.

So how did the Arcimboldo painting of Vertumnus end up at Skokloster Castle? 
As a matter of fact, we still do not know. Most of the enormous war booty that was 
taken in Prague must have been sent up to Stockholm and the Swedish Queen 
Kristina. We know from various inventories what her art collection contained just 
before she abdicated in 1654, when she left Stockholm and Sweden to eventually 
settle in Rome.

Eliseus Libaerts’ shield, since long called the Skokloster Shield, is already 
mentioned in a 1651 inventory from the town of Wolgast. Wrangel took residence in 
the former Duke’s palace on the island just outside Wolgast, when he was appointed 
General Governor over the territories that Sweden gained after the Thirty Years 
war including a large part of the earlier Duchy of Pomerania.

Vertumnus, however, has so far not been identifi ed in any inventory of the estates of 
Wrangel or any other Swedish noble family before being mentioned for certain in an 
inventory at Skokloster Castle drawn up in 1845. At that point it is hanging in one of 
the rooms of the library on the 4th fl oor together with The Librarian, assumed to also 
be painted by Arcimboldo, which is already being mentioned in 1756.

There is a possibility that Vertumnus could be identifi ed as one of the paintings 
in the estate inventory of Per Brahe, who died at Bogesund Castle outside 
Stockholm in 1680. His nephew was married to Carl Gustaf Wrangel´s daughter. 
He inherited Bogesund. It is certain that the bulk of the furniture from Per Brahe’s 
time remained in the house until 1728, when a new estate inventory was drawn up 
after the death of Abraham Brahe. In 1680 one of the paintings is mentioned as 
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“a painting of fruit put together” and in 1728 a painting is mentioned as “a fl ower 
face, partly damaged”.

In 1701 Abraham Brahe inherited Skokloster and Bogesund as well as many 
other estates after both his parents had died. He was also the fi rst owner of 
the entailed estate Skokloster. We know that many artefacts, paintings, books, 
furniture, weapons etc. were collected from the other Brahe estates and placed at 
Skokloster as a family museum. But why cannot Vertumnus be identifi ed for certain 
at Skokloster before 1845? That mystery remains to be solved!

Bengt Kylsberg, BA
Curator

Skokloster Castle

The potential of enzymes

Almost all vital metabolic processes from micro-organisms to humans depend on 
the catalytic power of enzymes. These bio-catalysts, like “sparks of life”, accelerate 
most of the chemical reactions in biological cells. However, enzymes are not only 
essential to sustain life but have been extracted, purifi ed and exploited for various 
purposes since antiquity. Ancient texts refer to enzymes in the production of 
alcohol, bread or cheese. Today, enzymes continue to facilitate food and beverage 
processes, constitute important ingredients in many consumer products, and are 
of fundamental interest in modern pharmaceutical research.

Dr Makes is one of the few conservation scientists fascinated by the potential of 
enzymes to safeguard our cultural heritage. In his capacity as keeper of the portrait 
collection of Skokloster Castle he developed alternative restoration techniques. 
The in principle unheated castle is subjected to seasonal climate and humidity 
variations. These exceptional conditions accelerate some of the deterioration 
processes that affect paintings. At the same time they offer the possibility to assess 
the merits of less invasive conservation technologies.

This monograph reviews the enzymatic consolidation of Guiseppe Arcimboldo’s 
famous portrait of Emperor Rudolf II Vertumnus using enzymes isolated from 
Antarctic krill. The painting was in a bad condition with overpaintings, with cracks, 
and with paint layers detached. A traditional mechanical removal of the overpainting 
would be irreversible and could cause more damage the original painting. Therefore 
a non-invasive enzymatic approach was chosen based on a careful analysis of the 
painting. Makes advanced this methodology by incorporating the latest fi ndings 
in polarography and more recently by employing frontline computer-assisted 
profi lometry.

Krill enzymes have been purifi ed, characterized and supplied by the Swedish 
biotech company Arcimboldo, named to honor Makes achievement. Arcimboldo AB 
is committed to research and development of krill enzymes (Krillase®) in a range of 
health care applications. This small shrimp embodies the largest biological mega-
resource of the planet.  Krill’s exceptional enzyme system is closely related to the 
ecological situation in the Antarctic convergence: a sparse food supply for the most 
part of the year in sharp contrast to an excess of food throughout the short austral 
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summer. In response, krill has evolved powerful digestive enzymes securing a fast 
and effi cient breakdown of available food.

Krillase® includes highly effective endopeptidases (trypsin- and chymotrypsin-like 
enzymes) and exopeptidases (carboxypeptidases A and B) in a molecular weight 
range of 20-40 kD. Krill enzymes have the extraordinary ability to function at low 
temperatures. They are exceptional by combining this capability with effi ciency and 
inertness to hydrolytic breakdown. They act in a two-step fashion when degrading 
proteinaceous substrates: endopeptidases fi rst attack peptide bonds in the 
intrastructural parts of polypeptide chains, while the resulting peptide fragments 
are subsequently cleaved by exopeptidases into small peptides and free amino 
acids.

The exhaustive documentation on the properties and mode of action of these 
enzymes gave Makes a solid ground for their application in Vertumnus´ diagnosis 
and restoration. The decision to select this unique krill multienzyme system for 
restoration purposes was taken because of the complexity of the overpaintings 
as substrate, and in particular because of the reproducible hydrolysis patterns. 
Thus, a combination of several, well-defi ned cooperative krill enzymes ascertained 
a smooth, controlled removal of the overpaintings allowing for a successful 
completion of the restoration.

Dr Makes´ innovative enzymatic consolidation, which has been well established 
now for nearly two decades in the fi eld of conservation and restoration, rightly 
deserves international recognition in safeguarding and conserving art treasures, 
as well as other cultural goods, for future generations.

Jan Vincent
Professor

Director R&D
Arcimboldo AB
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Description of the painting 
“Vertumnus” and its provenance

One of the greatest collectors and patrons of art was the Holy roman Emperor 
Rudolf II (1552-1612). He appointed at his court in Prague important masters from 
diverse countries, among them Giuseppe Arcimboldo (1527-1593). Arcimboldo 
painted an allegorical portrait of the Emperor, and depicted his face as the God 
Vertumnus. The fruits, vegetables, berries, ears of corn and fl owers, are all 
rendered with utmost refi nement, on an oak panel substrate.

During the Thirty Years War Prague fell into the hands of the Swedish army and 
parts of the imperial collection was looted, and thus, transported to Sweden, 
including the Vertumnus. It is not known when Arcimboldo’s painting was aquired 
to the Skokloster collection, but according to oral information, it was a gift from the 
Swedish Queen regnant Kristina to the proprietor of Skokloster, general and count 
Karl Gustav Wrangel. At present the painting is on display in the castle.

Skokloster Castle, situated north of Stockholm, is maintained in its more or less 
pristine condition. It is not heated, except for the fi rst fl oor, and the building envelope 
is very leaky. (Broström & Leijonhufvud, 2010) So the indoor temperature and 
humidity varies with the seasonal changes. These exceptional conditions accelerate 
some detrimental deterioration processes in paintings, as well as other artefacts, 
something, which is not the case in galleries with strictly controlled temperature and 
humidity. On the other hand, low temperatures and low light levels also generally 
slow down chemical processes, a fact that may contribute to the preservation 
of specifi c materials in artefacts. However, these uncontrolled conditions open 
opportunities to evaluate and follow modern scientifi c methods for conservation, in 
order to replace traditional and, for such environments, inappropriate approaches 
by more targeted, less invasive technologies.

In 1988 Arcimboldo’s portrait of Rudolf II, Vertumnus (panel 705 x 585 mm)  was in 
such a poor condition that it was decided to perform a thorough investigation followed 
by careful conservation. Previous conservation events was not documented, and 
thus not known in detail. The analyses revealed essential information about the 
painting technique, paint structure, and other details. It could be concluded that 
the previous conservation seriously had damaged the painting by overpainting with 
tempera, causing to much tension, and breakdown of original paint layers.

Because of the seasonal variations in temperature and humidity at Skokloster 
Castle, the entire painting had cracks. Swelling and shrinkage of the wooden 
panel creates tension between the ground layer and the panel, resulting fi nally in 
formation of cracks, visible at the pictorial surface. Moreover, in some areas the 
paint layers were detached. The ground layer contains proteins and lipids, while 
the upper paint layer consists of oil. The lower part of the picture was damaged 
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and overpainted. This overpainting consisted of egg, oil and Canada balsam, and 
varnish consistend of white was consequently not soluble with organic solvents. 

As mechanical removal of this overpainting could further irreversibly damage the 
original painting, a non-invasive enzymatic restoration method was chosen. Based 
on careful analyses of selected samples from the painting, a well-characterized 
enzymatic composition, isolated from Antarctic krill, could be successfully used to 
remove the overpainting and varnishing fi nalize the restoration (Makes, 1988).

Material analyses are well established to determine paintings provenance, age or 
genuineness. During the early Middle Ages tempera was the predominant painting 
media later on replaced by oil media. In course of different epochs paintings´ 
composition became very multifaceted consisting of delicate mixtures of oils, 
proteins, pigments, and glues.

Enzymatic studies of different masters´ pallets open new and more precise 
analytical data to elucidate complex painting technologies.

The results of the exhaustive investigations and analyses of Vertumnus point to 
a unique opportunity to apply krill enzymes in synergy with other enzymes, in this 
case, lipase. As krill enzymes constitute a synergistic enzymatic system, including 
a potent phospholipase, the fat cell membranes are effi ciently decomposed and 
their content, mainly triglycerides, are released and fi nally dispersed. This kind 
of substrate offers a large surface for hydrolytic degradation by proteolytic enzymes 
jointly with lipase resulting in signifi cant release of free fatty acids.

The analytical data confi rms these specifi c emulgating properties suitable for 
removal of oil-based overpaintings as well as for determination of paintings´ 
components, and in extension their authenticity.

Due to above mentioned inappropriate climate conditions that Vertumnus has been 
exposed to for about two decades after the previous restoration, moulds were 
identifi ed in the lower part of the painting. These were isolated and characterized 
to ascertain their safe removal.
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Methodology for restoration and 
authentication with enzymes

Enzymes extracted from krill

The enzymatic restoration of the Vertumnus was mainly based on enzymes 
extracted from Antarctic krill (Euphausia. superba). Antarctica represents one of 
the most hostile environments on the planet, which explains why krill depends on 
an extraordinarily effective digestive system, which is capable to effi ciently use 
available food for survival.

Substantial data are available on the properties of krill enzymes (Bucht & Karlstam, 
1991; Johansson & Karlstam, 1986). These mainly peptide hydrolases has 
demonstrated highly interesting characteristics, important for medical applications 
(Hellgren et al, 1999).

During the last decades Makes published series of works (Göteborg Studies in 
Conservation, Nos. 1-3, and 16) on enzymatic restoration and enzymatic removal 
of moulds from paintings, as well as, revealing unique synergetic properties of 
these enzymes in painting conservation (Makes, 2003).

Further, krill enzymes prove an important emulsifying effect to oil adhesives, due 
to the fact krill contains a potent phospholipase. Such an emulsion is of crucial 
importance ascertaining effi cient lipid separation in e g paint layers.

Polarographic characterisation of enzymes

Polarographic profi les of hydrolysates from paintings using krill enzymes, are 
important for understanding of their composition. In this study, special focus was 
on proteins in the hydrolysates, as they varying according to art historical periods, 
and artistic preferences. In this manner it could be established whether or not 
some proteins were added to an oil adhesive, or used as part of oil purifi cation 
occurring in the adhesive.

In polarography the height of a protein wave is dependent of the mercury pressure, 
and the catalytic current is proportional to the surface of a dropping mercury 
electrode. If a wave height and width is detected at the given concentration, constant 
values are obtained. In this study such values were used to develop a computer 
programme for polarographic analysis. The programme makes it possible to identify 
unknown polarographic profi les. This technique was mostly used in two ways. The 
fi rst approach involved the use of a protein mixture, in order to evaluate the entire 
profi le. The second technique was used to identify proteins to detect correlations 
between them.
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3D micro profi lometry

The characteristics of different artistic periods depend in part on painting techniques 
and materials used, which in turn, is infl uenced by the type of oil, various admixtures 
and thinners and, last but not least, by the character of pigments.

As a result, through a gradual decomposition of certain paint layers by specifi ed 
enzyme compositions, it is possible to determine the paint structure, employing the 
3D micro profi lometry method, and compare it with references.

The 3D micro profi lometry, is a computer-assisted surface measuring method 
for 2D and 3D profi le measurement, as well as the surface roughness. For all 
3D measurements the micro-optical 3D measuring device MikroCAD invented, 
developed and produced by GFMesstechnik GmbH (GFM) in Teltow, Berlin, were 
used. Usually the main applications of the MikroCAD system are micro profi les and 
surface roughness measurement in industrial metrology, or the measurement of 
surface roughness, wrinkles, scars and wounds. The high resolution also allows 
studying the micro profi les of paint structures with a high accuracy and repeatability. 
The software package is a Window-based system, easy to handle, even without 
special knowledge about optical 3D measuring technology. Interpretation involves 
computer processing of the results obtained in comparison with the results available 
from references

Figure 1.

X-ray photograph documenting damages of the original paint layers (opposite). The dark areas 

illustrate losses of original layers.
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Figure 2.

The original paint is applied on a ground in two layers, the fi rst is brownish and the second is 

white. Cross sections from a sample of the green paint is more or less hydrolized by the enzymes 

Hydrolase I and II (see Figure 5, below).
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Enzymatic removal of retouches 
with krill enzymes

As explained above mechanical removal of overpainting and retouches was 
impossible because the original paint layers were too fragile and the overpaint 
layer very hard.

The overpainting of Vertumnus was aslo insoluble to organic solvents, due to its egg, 
oil and Canada balsam content. Therefore a subtle removal of the overpainting and 
varnish became a complex and delicate task. A use of non-invasive technologies, 
like enzymatic restoration, was the only way to not irreversibly harm Arcimboldo’s 
masterpiece Vertumnus.

The fi rst attempts were made with enzymes, including standard enzymes commonly 
found on the market, like porcine or bovine trypsin. However, both enzymes 
hydrolyzed not only the overpainting, but also the original paint layer. These 
fi ndings clearly demonstrated that use of e. g. single enzymes (trypsin) are unable 
to hydrolyze and remove complex structures, such as those found in overpainting, 
without seriously damaging of original paint layers.

Figure 3.

Similar hydrolysis pattern of colour layer.
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Trypsin (porcine) 
Catalysed Hydrolyses proteins and peptides, specifi cally at the carboxyl 

end group of basic amino acids; also hydrolyses ester and 
amide linkages of synthetic derivates of these amino acids, e.g. 
Nα-benzoyl-L-arginine-4-nitroanilide

Activity 0.03769 mm3/min

 Activity is defi ned as the quantity of ground layer which under test 
conditions liberates x mm3 per min

Figure 4.

Similar hydrolysis of colour layer.

Trypsin (bovine) cryst. 
Catalysed Hydrolyses proteins and peptides, specifi cally at the carboxyl 

end group of basic amino acids, also hydrolyses ester and 
amide linkages of synthetic derivates of these amino acids e.g. 
Nα-benzoyl-L-arginine-4-nitroanilide

Activity 0.02060 mm3/min

 Activity is defi ned as the quantity of ground layer which under test 
conditions liberates x mm3 per min
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Considering disappointing results of enzymatic hydrolysis using simple enzymes 
like trypsin, a well defi ned enzyme composition originating from Antarctic krill was 
successfully tested and developed as a new concept called enzymatic consolidation 
to safeguard cultural heritage.  

The combined action of krill’s endo-/exopeptidases suits well to decompose 
multifaceted substrates found in paintings. The predominant are trypsin and 
chymotrypsin like enzymes followed by complementary caboxypeptidases and 
aminopeptidase. 

Following a thorough chemical analysis of the painting layer as well as the 
overpainting the krill enzyme composition might be tailor-made to specifi cally 
remove the overpainting while leaving the original painting unharmed (Figure 5). 

Figure 5.

Similar hydrolysis of colour layer.

Krill enzymes.  Trypsin-I,II,III,CPA,CPB,AP
Catalysed Hydrolysis pattern of ground layer after exposure to krill enzymes

Activity 0.00780 mm3/min.

 Activity is defi ned as the quantity of ground layer which under test 
conditions liberates x mm3 per min
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Crude krill enzymes
Proteases

serine proteinases with trypsin-like activity
serine proteinases with chymotrypsin-like 
activity
carboxypeptidases A
carboxypeptidases B
aminopeptidases

Carbohydrates
amylases
carboxymethylcellulase
chitinase
endo/exo glucanases
glucorodinase
hylaurodinase
glucosidases

Orther hydrolases
phospholipase
acid/alkaline phosphatases

Purifi ed krill enzymes (Krillase®)
serine proteinases with trypsin-like activity

• enzyme I endo/exopeptidase
• enzyme II endopeptidase
• enzyme III endopeptidase

serine proteinase with chymotrypsin-like activity
• carboxypeptidase A I
• carboxypeptidase A II
• carboxypeptidase B I
• carboxypeptidase B II

Highly purifi ed krill enzymes
serine proteinases with trypsin-like activites

• enzyme I: endo/exopeptidase
• enzyme II: endopeptidase
• enzyme III: endopeptidase

Figure 6.

Krill enzyme used to establish hydrolytic profi les in Vertumnus, in three different preparations: 

crude, purifi ed (Krillase®), and highly purifi ed. 

Figure 7.

The photo shows the damaged paint layer on Vertumnus, with cracks running parallel to the wood 

grain, detached layers, as well as paint losses due to wood dimensional changes.
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Figure 8.

Detail of the varnish before the enzymatic consolidation. 

Amino

acid

Comp.of

Varnish

(a)

Trypsin

I

Trypsin

II

Trypsin

III

Trypsin

I+II+III
CPA CPB

Trypsin

 I+II+III

+CPA

+CPB

+AP

Asp 1330 - - - - - - 19.9
Thr 476 0.3 - - 5.70 - - 5.6
Ser 376 - - - - - - 4.6
Glu 1764 - - - - - - 1.7
Pro 576 - - - - - - 2.8
Gly 458 - - - 1.00 - - 3.6
Ala 802 - - - 0.23 - - 22.4
Val 1054 7.0 - - 9.27 1.20 - 50
Cys 480 38 - - 71.4 - - 24
Met 149 0.5 - - 4.30 - - 8.9
Ile 792 - - - - 1.20 - 18.2
Leu 1280 45.6 - - 67.2 4.7 2.00 225.2
Tyr 181 6.12 - - 23.3 4.2 0.80 29.7
Phe 661 52 - 1.2 53.8 0.9 - 184.8
Lys 1358 104 8.8 3.3 94.0 0.2 13.0 553.5
His 310 2.4 - - 2.25 - - 27.9
Trp 160 2.1 - - 3.77 - - 59
Arg 685 84 12.0 3.0 165.5 3.4 24.8 340
Sum 12892 342.02 20.8 7.5 501.72 15.8 40.6 1581.8

Figure 9.

Amino acids liberated from varnish (20 century) from Vertumnus by krill enzymes after 8.0 hrs 

at 35°C and pH 7.5 (Amino acids production (μmol/ ml mixture x 100). Varnish degradation by 

6M HCl. Symbols used: - below detection limit, Trypsin I, II, II are trypsin-like enzymes, CPA 

Carboxypeptidase A, CPB Carboxypeptidase B, AP Aminopeptidase
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Figure 10.

Detail of the overprinting before the enzymatic consolidation.

Amino

acid

Comp. of

overpainting

(a)

Trypsin

I+II+III
CPA CPB AP

Trypsin

I+II+III

+CPA+CPB

+AP

Asp 1415 - - - 1.1 21.1
Thr 530 2.5 - - 0.6 6.3
Ser 885 - - - 0.7 6.1
Glu 2175 7.6 - - 0.4 2.1
Pro 530 - - - 1.4 2.6
Gly 610 - - - 1.2 4.8
Ala 690 - - - 3.3 19.3
Val 835 18.6 6.6 - 4.7 42.9
Cys 445 14.7 - - - 22.2
Met 360 6.3 - - 0.9 21.6
Ile 650 - 1.9 - 1.4 16.2
Leu 553 49.6 4.9 1.6 2.7 93.5
Tyr 500 38.5 8.5 2.0 6.3 80.0
Phe 670 108 1.6 - 4.7 187.6
Lys 690 234 0.3 22.4 4.3 288.4
His 340 9.5 - - - 30.6
Trp 335 30 30 - - 61
Arg 1465 732 11.6 73 14.0 817.6
Sum 13677 1247.2 65.4 99 47.7 1723.9

Figure 11.

Amino acids liberated from overpainting from Vertumnus by krill enzymes after 8.0 hrs at 35°C and 

pH 7.5 (Amino acids production (μmol/ ml mixture x 100). Varnish degradation by 6M HCl. Symbols 

used: - below detection limit, Trypsin I, II, II are trypsin-like enzymes, CPA Carboxypeptidase A, 

CPB Carboxypeptidase B, AP Aminopeptidase
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Figure 12.

Detail of the varnish before the enzymatic consolidation.

Enzymes Activity
Proteases 0.00108 mm3/min
Serine proteinases with trypsin activity Activity is defi ned as the quantity of paint
    enzyme I layer which under test conditions 
    enzyme II liberates x mm3 per min.
    enzyme III
Serine proteinases with chymotrypsin activity Area            0.38350 mm2

Carboxypeptidase A I Minimum    -34.6 μm
Carboxypeptidase A II Maximum    20.5 μm
Carboxypeptidase B I Phosphate buffer pH 7.5
Carboxypeptidase B II Temperature 25ºC
Aminopeptidase
Adsorption: silikagel
Surfactant 278 500 Triton GR-7M

Figure 13.

This table demonstrates hydrolysis reaction of degradation of the 20 century varnish. (See also 

the Figure 8, above).
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Figure 14.

Detail of the overprinting after enzymatic consolidation.

Enzymes Activity
Proteases 0.00711 mm3/min
Serine proteinases with trypsin activity Activity is defi ned as the quantity of paint
    enzyme I layer which under test conditions  
    enzyme II liberates x mm3 per min.
    enzyme III
Serine proteinases with chymotrypsin activity Area           0.48780 mm2

Carboxypeptidase A I Minimum   -170.2 μm
Carboxypeptidase A II Maximum   106.6 μm
Carboxypeptidase B I Phosphate buffer pH 7.5
Carboxypeptidase B II Temperature 25ºC
Aminopeptidase
Surfactant 278 500 Triton GR-7M
Adsorption: silikagel

Figure 15.

The overpainting residue (ca 20%) was smoothly removed by krill enzymes, mainly carboxypeptidase 

A (Figure 10).
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Mode of action of the krill 
peptide hydrolases

To further substantiate the specifi city of krill enzymes vis-à-vis the original painting 
layer, the overpainting and the varnish respectively, a hydrolysis pattern refl ecting 
liberation of amino acids from the sampled specimens were established (see Figures 9 
and 10, above). Information on the mode of action of the peptide hydrolases of Antartic 
krill E. superba (Makes, 1988) was extended with examination of the effects of single 
and purifi ed enzymes, as well as in different combinations with other enzymes, and 
tried on both overpaint and varnish respectively. Enzyme I either mixed with one of 
the three trypsin-like enzymes or mixed with all three were able to liberate signifant 
amounts of amino acids from the overpaint and from the varnish, and in particular the 
basic amino acids lysine and arginine (see Figures 9 and 10, above). Carboxypeptidase 
from krill only released small amounts of amino acids from either the overpaint or 
the varnish. However, when mixed with the trypsin-like enzymes a slight synergetic 
effect was observed, compared to the sum of the three single enzyme reactions. As 
expected the preparation with carboxypeptidase B only liberated four amino acids, 
e.g. lysine and arginine, which is a characteristic known from literature. On the other 
hand, the aminopeptidase exhibited a broad  specifi ty, although the individual amino 
acids were released in very limited amounts (see Figure 9). Hence, the experiments 
on the overpaint and the varnish produced data which support the hypothesis on the 
properties and specifi city of krill exopeptidases.

Experiments on the combined effect of the purifi ed krill enzymes seem to support 
the assumption that the digestive processes of E. superba depend on the action of 
several peptide hydrolases, which play an essential role, similar to that of the trypsin-
like and serine-like enzymes. When combining the trypsin-like enzymes with purifi ed 
preparations of carboxypeptidase A, carboxypeptidase B, and aminopeptidase 
virtually all of the amino acids in the overpainting and the varnish respectively were 
liberated in different proportions (see Figure 9 and 10).

According to these results a tailor-made composition of krill enzymes was 
chosen to remove the varnish. In the specifi c case of Vertumnus, the composition 
containing only three trypsin-like enzymes hydrolyzed effi ciently both varnish and 
overpainting, verifi ed by substantial release of amino acids, especially lysine and 
arginine. The exopeptidates (carboxypetidases, aminopeptidase) alone did not 
substantially contribute to hydrolysis, but when tested as in the natural composition 
with endopeptidases (trypsin-like enzymes) a clear synergistic effect was observed, 
with consequent high amino acid release ratio. Thus, trypsin-like enzymes play an 
essential role behind the combined hydrolysis effi cacy of purifi ed krill enzymes, 
resulting in specifi c degradation patterns discerning varnish and overpainting in 
Arcimboldo’s Vertumnus. 
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Overpainting Varnish

Hydrolysis (mm3/min)  0.007110  0.00108
Hydrolytic profi le (height, μm)  106.6  20.5
Hydrolytic profi le (depth, μm)  -179.2  -34.6
Hydrolytic area (mm2)  0.48780  0.38350

Figure 16.

Hydrolysis pattern of overpainting and varnish.

Figure 17.

Hydrolysis pattern of Vertumnus after exposure to krill enzymes.

These results show that krill enzymes after 10 min dissolved seven times more of 
overpainting compared with the varnish. Similar pattern can be seen from the other 
parameters confi rming signifi cant difference between the varnish and overpainting, 
allowing enzymatic restoration without damaging the original painting.
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Identifi cation and removal of 
moulds performed in 2009

Recently, the painting was again damaged showing cracks and ingrowths of mould 
(Makes 2010), mainly due to events with too high relative humidity inside the 
storage and display case, a sealed box with glass on both sides (see Figures 18 
and 19, below). During transport to different expositions the changes in temperature 
outside the box had caused an increase in relative humidity inside, and eventually 
condensation of water. Such conditions contributed to the formation of new cracks, 
as well as to mould growth. It was decided that the distortion of the paint layer 
should be treated and the mould removed. To ascertain a constant relative humidity 
level, buffers (such as PROSorb™) was inserted inside the box.

These studies were performed to characterize mold enzymes to ascertain adequate 
restoration of this unique painting. 
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Figure 18.

Portrait of Rudolf II “Vertumnus” in the box (front).
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Figure 19.

Portrait of Rudolf II as “Vertumnus” in the box (rear).
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Figure 20.

Extensive cracking in the upper part of painting.

Figure 21.

Mould proliferation within the cracks.
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Purifi cation of mould proteolytic 
enzymes

Material and methods

The micro-organisms isolated from the picture were identifi ed:

Aspergillus niger Yeasts Bacteria (acccording to Centraalbureau voor Schimmel 
Cultures , Baarn, Netherlands).

The enzymes produced by these micro-organismus were investigated. Their 
activity on oil and protein in the  ground layer as well as in the paint layer was also 
studied. The microorganismus were inocuulated in 2 different substrates: 

1 peptone water + imitation of the paint layer
2 lactalbumin hydrolysate in Earle`s Solution + artifi ceal imitation of the ground layer. 

The microbial mass was removed from the substrate by combined fi ltration and 
centrifugationand and the fi ltrate was directly used for purifi cation.

Gel chromatography

Defatted. aquous extract of mould were subjected to gel fi ltration on Ultrogel AcA 
44 column. 

Affi nity chromatography

The enzymes from separation by gel chromatography were Separated and purifi ed 
using affi nity chromatography on a p-Aminobenzamidine CH-Sepharoze 4B 
column with 50 mM tris-HCl and 0.5M NaCl buffer, pH 7.5. The bonded protein 
was washed out with this buffer. The buffer was washed out of the column together 
with 100 mM benzamidine with the addition of 3M NaSCN chaotropic agent. 
Benzamidine and NaSCN were removed by gel fi ltration on a G-25 PD10 column

FPLC chromatography

Preparations of hydrolase I ,hydrolase II purifi ed by affi nity chromatography were 
subjected to further purifi cation on the FPLC system. The enzyme preparations 
were applied to the Mono Q anion exchange column dissolved in 50 mM Tris/HCl, 
pH 7.5. Elution was prformed with the same buffer system, using a gradient of 
sodium chloride 0 - 1M) at a fl ow rate of 1 min, sodium chloride was removed from 
the fractions bt gel fi ltration on prepacked Sephadex G - 25 columns (PD 10) as 
described above. In the latter case the enzymes were usually eluted with 50 mM 
Tris/HCl, pH 7.5
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Proteolytic activity

10 μl of purifi ed mold enzymes solution in phosphate buffer pH 7.5 was applied on 
a sample from Vertumnus at 25ºC. The velocity of hydrolysis was characterized by 
dissolution of color or ground layers in mm3.

The micro-organisms isolated from Vertumnus were identifi ed as Aspergillus niger, 
yeasts and diverse bacteria.1 The enzymes produced by these micro-organisms 
were investigated. Their activity on oil and protein in the ground layers, as well as in 
the paint layer was also studied. The micro-organisms were inoculated on different 
substrates. For details on the purifi cation measures, see Enclosure D. From the 
results it is obvious that ten times more paint material is solubilized, compare with 
the original ground, (see Figures below).

Enzymes Activity

Hydrolase I + Hydrolase II 0.000090 mm3

Activity is defi ned as the quantity of 
paint layer which under test conditions

liberates x mm3/min.
Area 0.0405 mm2

Phosphate buffer pH 7.5

Temperature 25ºC
Figure 22.

Hydrolytic profi le from colour layer from Vertumnus by mould hydrolases.

Enzymes Activity

Hydrolase I + Hydrolase II 0.00082 mm3

Activity is defined as quantity of ground 
layer which under test conditions 

liberates x mm3/min.

Area 0.2077 mm2

Phosphate buffer pH 7.5
Temperature 25ºC

Figure 23.

Hydrolytic profi le from ground layer from Vertumnus by mould hydrolases. 

1 According to report from Centraalbureau voor Schimmelcultures, Baarn, Netherlands.
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Figure 24.

Detail of specimen from the paint indicated with “C” in Figure 5, above. The cross section is more 

or less hydrolyzed by the enzymes Hydrolase I and II.

Figure 25.

Ultraviolet absorption spectra of the mould hydrolase in phosphate buffer pH 7,5.

The absorption spectra of the purifi ed mould hydrolase I and II are shown 
in Figure 26. The main absorption band occurs for all hydrolases in the region 
associated with proteins and aromatic amino acids, i. e. 250nm.
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Figure 26.

This graph shows that the pH optimum for enzymes from the mould is between 6 and 9.

The action of the purifi ed hydrolases from mould on ground layer was tested at 
25°C over the rage pH2.0 - 10.0. The activity of the hydrolases against ground layer 
was measured according to a standard method, and showed that the pH optimum 
for enzymes from the mould is between 6 and 9 (see Figure 26, above).
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Figure 27.

Temperature optimum for the enzymes isolated from the mould is c. 40 and 50°C respectively, 

and after incubation 25 min. Upper part hydrolase I, lower part hydrolase II. Symbols used: blue 

20°C, red 30°C, green 40°C, and purple 60°C.

The proteolysis of ground layer by the purifi ed mould enzymes at 0 to 60°C were 
compared, as shown in Figure 27 (above). The initial velocity increases steadily as 
the temperature rises with increasing temperatures, and then falls as temperature 
passes beyond a certain optimum value. Two different temperature effects are 
operating increase in a continuous fall in the concentrations of active enzyme. The 
optimum temperature is not constant. Figure 28 (below) shows the temperature 
effect for a 25 min incubation period. The optimum activity is found at about 50°C 
for hydrolase I and at 40°C for hydrolase II.
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Figure 28.

Stability of the mould hydrolases. The rate of inactivation of mould hydrolases at different 

temperatures. The enzymes were incubated for different time at pH 8.0 and the remaining 

hydrolases activity was estimated at the same pH. Upper part hydrolase I, lower part hydrolase II. 

Symbols used: blue 20°C, red 30°C, green 40°C, and purple 60°C.

The rate of thermal inactivation, the purifi ed mould hydrolases were heated on 
a water bath for various times, and the activity determined by the profi lometry. The 
results are presented in Figure 28. The inactivation of all hydrolases was completed 
after 4 min at 60°C. More than 30% of the activity was lost after 15 min at 50°C.

Further, the inhibition potential of various metal ions both mould hydrolases were 
evaluated and summarized in Figure 29, below. The results were obtained with 
various metal ions at different concentrations. It can be seen that the hydrolases 
were slightly inhibited by barium (Ba2+) and calcium (Ca2+) ions even at the relative 
high concentrations used. When interpreting these data it is obvious that only high 
concentration of e.g. lead (Pb2+) could inhibit these hydrolases, something that is 
not advisable because of toxicity. However, if Ca2+ ions (10-2) are mixed with an 
emulsifi er (Triton G7M™), the absorption potential changes resulting in a signifi cant 
inhibition of the enzymes.
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Metal ion Final conc metal 
ion (M)

Enzymatic activity
(as % of control)

Hydrolase I Hydrolase II

Ba2+ 10-2 72 90
10-3 90 100
10-4 100 100

Ca2+ 10-2 40 75
10-3 95 100
10-4 100 100

Mg2+ 10-2 81 100
10-3 90 100
10-4 100 100

Cu2+ 10-2 5 12
10-3 23 85
10-4 50 95

Fe2+ 10-2 6 6
10-3 20 42
10-4 82 82

Pb2+ 10-2 5 5
10-3 16 37
10-4 78 80

Figure 29.

The results obtained with various metal ions at different concentrations. The infl uence of metal 

ions on the mould hydrolases activity using ground layer as substrate. Incubation time was 60 

min, pH 7.5 and temperature 25°C.

Inhibitor

Final 

concentration

of inhibitor

Proteolytic 

activity as 

Hydrolase I

% of control

Hydrolase II

Soy bean inhibitor 0.01% 100 100
Potassium cyanide 10-1 M 98 100

10-3 M 100 100
L-Cysteine 10-1 M 50 100

10-3 M 90 100
Laurylamine 10-1 M 5 0

10-3 M 15 35
Na-laurylsulfonate 10-1 M 5 25

10-3 M 10 20
Figure 30.

The effect of inhibitors on the activity of purifi ed mould hydrolases. The enzymes were incubated with the 

inhibitor for 30 min before assay. The proteolytic activity was estimated by the method described above.

The effect of crystalline soybean trypsin inhibitor which is highly active against 
trypsin, did not effect on the hydrolase. Hydrolase I and II were strongly inhibited 
by Na-sulfonate and laurylamine. Based on the diagnosis and the results above the 
conclusions are as follows:
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−  It is obvious that due to a broad pH range of mould hydrolases their enzymatic 
activities cannot be altered without drastic pH changes, something that would 
cause irreversible damage of the painting.

−  Similarly, the temperature optimum (ca 50°C) of these mould hydrolases does not 
allow further increase of temperature to inhibit their activities without destructing 
the paint layers.

−  Finally, a simple dramatic increase of some toxic metallic ions to infl uence mould 
enzymatic activities is neither feasible.

The restoration was performed with a mixture of surfactant (278500 Triton 
GR-7M™) including Ca2+ on Whatman fi lter paper CF11, in an absorbent pad for 
20 min. For several reasons, it is very important that the mixture of enzymes is 
applied in a way that stop it from penetrating the actual paint layer to be restored, 
and prevent it from running into cracks and cavities. Remains of the enzymes 
used in the restoration process will otherwise become nutrition for other micro-
organisms, and considerably increase the risk for future mould growth. In this case 
the progress of inhibition was followed by control under UV-light (see Figure 31c, 
below). It is the removed mould that gives rise to the UV-fl uorescence on the pad, 
and the branched pattern is related with the cracks in the paint. When the yellow 
luminescence from the mould disappeared the restoration of this painting was 
successfully accomplished. 

31a.
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Figure 31.

The restoration process, step-by-step (a) preparation of the absorbent pad, (b) absorbent pad 

with restoration mixture (see above), (c) absorbent pad (in UV-light) documenting successful 

restoration.

31b.

31c.
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Figure 32.

Profi lometric analyses of the hydrolysis of dirt and mould respectively. (a) Hydrolysis pattern after 

fi ve (left) and ten minutes (right). After fi ve minutes only 29.34% was dissolved when compared 

with 100% after ten minutes. (b) Cross sections of areas shown in (a) reveal that the penetration of 

enzymes is time dependent, as indicated by the red lines.

Hydrolysis pattern after fi ve (left) and ten minutes (right). After 5 minutes only 
29,34 % was dissolved when compared to 100% after 10 min. 

The time that the enzymes were allowed to be in contact with the painting was based 
on careful testing. The effect of enzymes on removal of dirt and mould respectively, 
where dirt could be removed within fi ve minutes whereas the mould required ca ten 
minutes. It is also clear from these fi gures that the depth of penetration should be 
different, depending on which effect that is desired. The hydrolyzed volume after 
ten minutes is around fi ve times that of fi ve minutes. The conclusion is that if only 
a superfi cial effect (16.2 μm) is needed the time has to be limited, whereas if a deeper 
effect (63.2 μm) is needed the time has to be extended.

After the removal of dirt and mould the apperance of the painting improved (see Figure 
33 and 34 below). Thereafter, a wax mixture was used to level the surface and reduce 
the aesthetical disturbance of the cracks. Finally, the rear side of the wood panel was 
impregnated with a mixture of wax diluted with hydro carbon solvent.

32a.

32b.
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Figure 33.

Dirt in cracks, making them dark, in Vertumnus before restoration.

Figure 34.

The same detail of Vertumnus as in Figure 33, after restoration. The cleansing and removal of moulds was 

performed by application of an absorbent pad saturated with described restoration blend.
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Authentication of the 
”Vertumnus” and the ”Librarian”

Krill enzymes have also proved to serve as an outstanding diagnostic tool to 
ascertain authenticity of paintings (Makes, 1992). Well-defi ned krill enzyme 
preparations generate specifi c hydrolytic patterns like “fi ngerprints” visualizing 
paintings origin and authenticity.

Skokloster Castle collection included two paintings supposed to be masterpieces 
from the hands of Arcimboldo, i.e. the Vertumnus and the Librarian.2 The aim was 
utilize krill enzymes jointly with lipase (pancreatic) as diagnostic instrument, to 
determine authenticity of both paintings. Addition of lipase improves hydrolysis of 
the paint layers as they contain large amounts of fat.

The oils used by artists historically are very complex mixtures. Their composition varies 
depending of origin, climate, soil etc. Further oil purifi cation methods varies; they might 
be mixed with water, heated, treated with sulfuric acid etc. No doubt, all these procedures 
infl uence the oils´ quality and paintings optical as well as other properties. It is well 
known that most artists composed their own, often secret palette, by adding e. g. wax, 
emulsifi ers (garlic), and using specifi c oils like sunfl ower or lavender.

To identify the origin and confi rm authenticity of paintings is therefore a delicate task, 
depending not only on know-how in art history, style, as well as painting technology, 
but also relying on integrated expertise and detailed analyses of painting composition. 
However, standard analytical methods offers mainly a quantitative data regarding 
protein or fat basic ingredients, like amino acids or fatty acids, giving a good guidance 
to the restorer, but still not conclusive. On the other hand enzymes, due to their high 
substrate specifi city, has been shown to be an excellent diagnostic tool to generate 
qualitative data essential for authenticity determination.

The experimental data support the observation that krill enzymes contain lipase. 
Even though lipase, which cleaves three glycerides, has not been confi rmed by 
analysis, a strong emulsifying effect is noted. It seems that crude krill extract 
contain phospholipase, that add to the chain cutting of phospholipides. This 
emulsifying capacity may be vitally important, in combination with other enzymes, 
when it comes to deterioration of linoxine. The capacity is also futher increased 
in combination with lipase. Without any krill enzymes in the mixture almost no 
libreration of fatty acids take place, so krill enzymes may play an important role.

To achieve reproducible hydrolysis patterns on such complex substrates like 
paintings, the choice of enzyme assays is of crucial importance. For that reason, 

2 Another painting with the same motif as the latter had been proved to be made by Arcimboldo. 
In 1996 it was lost in an incendiary fi re that struck the public library of Linköping. This painting 
was painted on canvas, just like the Librarian in the Skokloster collection. At the time of the fi re 
the painting had undergone analysis and restoration, showing that most of the original paint 
was already lost by then, but that the structure was true to specimens from the Vertumnus.



Gotland University Press 12

46

a well-defi ned enzyme composition of krill enzymes jointly with lipase was applied 
to establish the authenticity of the Vertumnus and the Librarian.

This composition guaranteed optimal hydrolysis of the original paint layers. The 
pattern and decomposition velocity of the samples from both paintings could be 
compared and scrutinized. The velocity of hydrolysis is proportional to the area and 
to the time, according to the formula:

Hydrolysis pattern = enzymatic activity (expressed as decomposition of the 
substrate in mm3) x area (mm2) x time (min). 

The hydrolytic patterns from samples containing mainly binding media with 
pigments, typical for characterization of paintings age and style, were compared 
(see Enclosure E). The results are shown in Figure 35. 

Enzymatic 

activity

(mm3)

Area

(mm2)

Time

(min)

Hydrolysis 

pattern

Vertumnus 0.00681 1.24699 10 0.08492

Librarian 0.00148 0.38813 10 0.005744

Figure 35.

Hydrolytic patterns of Vertumnus and Librarian respectively after exposure to krill enzymes and lipase.

Figure 36.

Vertumnus.

Figure 37.

Librarian.
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The test composition consisted of 6U of krill enzymes with 1U of lipase. Based on 
these analyses it could be concluded that The Librarian at the Skokloster Castle 
collection is a later copy of Arcimboldo’s original painting, since the structure of 
the paint specimens from the Librarian are different and show different patterns 
compared with that of the Vertumnus.

Figure 38.

Detail of the painting Vertumnus after enzymatic restoration with krill enzymes.
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Conclusions

Guiseppe Arcimboldo’s masterpiece Vertumnus belongs to Skokloster Castle 
collection. Skokloster is not heated, besides to very moderate temperatures at 
the basement fl oor, so the seasonal temperature and relative humidity variations 
enhance the deterioration of this unique painting. Consequently the oak panel had 
plenty of cracks and moreover parts of the original paint layer were damaged or 
loosened. The analyses revealed that the ground layer contains proteins and lipids, 
while the upper paint layer consists mainly of oil. Above all, the lower part of the 
painting was damaged and overpainted. Varnish was applied to fasten the fl aking 
paint  layers, and the painting was further partly overpainted with egg tempera. 
X-ray images clearly visualize these damages. To remove such an overpainting or 
varnish by traditional mechanical methods was not possible, because the original 
paints were fragile, while the overpaints and varnish were rigid. The only possibility 
was to use non-invasive modern technologies like enzymes to achieve such 
a complex undertaking. 

However, common enzymes, like porcine or bovine trypsin, hydrolyzed not only 
the overpainting but also the original paint layer. Thus, these single enzymes can’t 
be used to dissolve complex structures of overpanting or varnish, without severe 
damage of the original painting. 

In view of these disappointing results of enzymatic hydrolysis with single enzymes 
like trypsin, a new concept called enzymatic restoration developed based on well-
defi ned enzyme composition originating from Antarctic krill. 

The exceptional synergetic properties of krill enzymes for enzymatic restoration 
of paintings were comprehensively documented in series of publications. It could 
be shown that the combined action of krill’s endo- and exopeptidases suits well to 
decompose multifaceted substrates found in paintings. 

Following a careful chemical analysis of Vertumnus original paint layer as well as the 
overpainting and varnish, krill enzyme composition was tailor-made to specifi cally 
remove both varnish and overpainting while leaving the original undamaged. 

First the original ground layer was impregnated of with a mixture of wax, resin 
and an organic solvent. In this manner all cracks were fi lled forming a protective 
shield of the original ground layer against enzymatic hydrolysis. Subsequently, 
the overpainting was removed by a treatment with krill enzymes in a thick paste 
with polyethylene glycol and phosphate buffer. The exposure was terminated after 
10 min according to previous analytical data. A mixture of wax and damar resin 
thereafter protected the original paints. 

Finally, the panel was impregnated with alkylskoxisilanes, polystyrene as additive. 
A layer of wax and damar resin was applied on the rear side of the panel. After 
that the painting was cemented and retouched in the damaged areas. Slightly 
damaged areas were repaired by gouache while in the larger and seriously 
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damaged parts retouching was performed by hatching. At last, the painting was 
coated with new varnish. 

Since Skokloster Castle collection embrace two of Arcimboldo’s masterpieces - 
the Vertumnus and the Librarian - and krill enzymes preparations were further 
demonstrated to be an outstanding diagnostic tool, both paintings were also 
examined to ascertain their authenticity. 

The hydrolytic patterns of these paintings visualize like “fi ngerprints” typical 
characteristics of age and style. To enhance the hydrolysis of original paint layers 
that holds large amounts of fat, pancreatic lipase was added to krill enzymes. 

The results of these investigations conclude that the Librarian at the Skokloster 
Castle collection is a later copy of Arcimboldo’s original and missing painting. 

Recently (2010) Vertumnus was once again damaged showing cracks and 
ingrowths of moulds, mainly because of too high humidity in the storage and display 
case. Due to transport to diverse expositions the changes in temperature caused 
alterations in humidity inside the box. These conditions contributed to development 
of new cracks and proliferation of moulds. 

The structural changes caused by mould deterioration were studied with advanced 
profi lometeric methods. Two mould (Aspergillus niger) hydrolases were identifi ed 
and characterized regarding their pH, temperature and metal ions affi nities. Based 
on these data the restoration was performed stepwise with a mixture of surfactant 
including Ca2+ was in an absorbent pad for 20 min. The progress of mould inhibition 
was followed by UV light so when the luminescence from the mould disappeared 
the restoration was successfully accomplished. Thereafter a wax mixture was 
applied to smooth the cracks. Finally, the rear side of the wooden panel was freshly 
impregnated with a mixture of wax and petrol. 

To guarantee a constant humidity absorbing material (PROSorb™) ought to be 
inserted within the box. 

In this context it should be emphasized that this restoration was performed with the 
enzymes bound to a matrix such as gel, paste or in membranes with surfactants. The 
standard procedure using enzymes in aqueous solutions should be avoided when 
e g overpaintings are to be removed, since penetration of enzymes into underlying 
layers has to be inhibited. This is due to the fact that enzymes might dissolve 
paints already deteriorated by mould growth, since these are extra vulnerable, and 
the risk for enzymes diffusing into these would ruin them completely. Moreover, 
remains of enzymes in cavities pose an increased risk for accelerated deterioration 
since they may become new substrates for micro-organisms. As a consequence 
cracks might also become dark and such paintings are almost impossible to treat 
again afterwards.
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Sammanfattning

Guiseppe Arcimboldos mästerstycke Vertumnus är del av samlingen vid Skokloster 
slott. Byggnaden är inte uppvärmd, utom till relativt måttliga nivåer på markplanet, 
så de säsongsvisa variationerna i temperatur och luftfuktighet utomhus präglar 
även klimatet inomhus. Perioder med alltför hög fuktighet gynnar vissa processer 
som bryter ned föremål, och de periodvis låga temperaturerna kan göra att vissa 
andra processer går långsammare än de annars skulle göra. Som en följd av 
inomhusklimatet har Vertumnus, som är målad på en ekpannå, spruckit och delar 
av det ursprungliga måleriet har skadats och färg har fallit av. Analyser har bekräftat 
att den ursprungliga grunden innehåller proteiner och fetter, medan färgskiktet 
mest består av olja. Målningen har skadats mest i nertill där den också blivit 
övermålad med retuscher. Fernissa har använts för att säkra färg som lossnat och 
övermålning har gjorts med äggtemperafärg. Alla dessa skador och förändringar 
syns tydligt på röntgenbilder av målningen. Att restaurera målningen genom att ta 
bort övermålning och fernissa med traditionella metoder var inte möjligt, därtill var 
originalfärgen alltför ömtålig och de senare tilläggen för hårda. Det enda möjliga 
alternativet var att använda modern teknologi och enzymatiska medel.

Vanliga kommersiella enzym såsom procin eller bovin var dock inte lämpliga, 
eftersom de löser både original och senare tillägg. Alltså kan de inte användas utan 
att målningen kommer till ytterligare skada. Som en följd utvecklades därför ett nytt 
koncept där en mycket mer specifi k blandning av enzymer användes, extraherade 
från antarktisk krill.

Krill har exceptionella synergistiska egenskaper som är väl dokumenterade i tidigare 
publikationer. De har visat att kombinationen av krillens endo- och exopeptidase 
passar bra vid behandling av såna komplexa strukturer som de som fi nns i målerier.

Efter att först ha undersökt reaktionerna mellan olika enzym och alla de material 
som fi nns i Vertumnus så kunde en specifi k blandning framställas som klarade 
att hydrolysera övermålning och fernissa, utan att påverka originalfärgen eller 
grunden.

Till att börja med impregnerades grunden med en blandning av vax och harts löst 
i ett organiskt lösningsmedel. På så sätt fylldes alla sprickor med ett skyddande 
lager som förhindrade att enzymblandningen påverkade grunderingen. Därefter 
kunde övermålningen tas bort med hjälp av en tjock pasta blandad av krillenzym, 
polyetylenglykol och fosfatbuffer. Efter 10 min avbröts behandlingen, i enlighet 
med de inledande undersökningarna. En blandning av vax och harts applicerades 
därefter som skydd för originalfärgen.

Slutligen impregnerades pannån med en blandning av alkylskoxisilaner och 
polystyren och ett lager av vax och damar ströks på baksidan. Områden som 
saknade färg kittades och retuscherades i strattegio-teknik och hela färgskiktet 
fernissades på nytt.
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Då Skoklosters samling innehåller två förmodade mästerstycken av Arcimboldo - 
Vertumnus och Librarian - och krillenzym också kan användas som ett verktyg för 
att undersöka kemiska strukturer, var det intressant att jämföra dessa två verk för 
att om möjligt styrka deras autenticitet.

De hydrolytiska mönster som kan fås är som “fi ngeravtryck” och typiska för teknik, 
material och ålder. För att förbättra hydrolysen av proven från den feta och oljerika 
orignalfärgen användes en blandning av pancreatisk lipase och enzym från krill. 

Undersökningen visar att det exemplar av Librarian som fi nns i samlingen vid 
Skokloster är en senare kopia av Arcimboldos försvunna original. 

Målningen visade de sig nyligen återigen vara skadad, nu av mögel, framför allt i 
sprickor i färgskiktet syntes vita förändringar. Orsaken är främst att kondens bildats 
i det förvarings- och transportskydd som målningen är innesluten i. Vid transporter 
i samband med utlån var klimatet okontrollerat och därför bildades kondens inne 
i den täta glaskassetten. Under sådana omständigheter gynnas tillväxt av mögel.

De strukturella förändringarna av färgskiktet som orsakats av mögelväxten undersöks 
med avancerade profi lometriska metoder. Två mögelhydrolysat (Aspergillus niger) 
identifi eras och karakteriseras med avseende på pH-värde, temperatur och affi nitet 
för metalljoner. Baserat på dessa undersökningar utförs sedan restaureringen med 
hjälp av ett vätmedel innehållande Ca2+-joner i en kompress och behandlingen 
pågår under 20 minuter. Med UV-ljus kan förloppet följas och kontrolleras så att allt 
mögel avlägsnas från målningen. Det är av avgörande betydelse för målningens 
framtida bevarande att allt enzym och avdödat mögel noggrant avlägsnas, så att 
inga rester lämnas kvar och genererar nya problem i framtiden.

Avslutningsvis appliceras en blandning av vax för att jämna ut färgskiktet och pannåns 
baksida impregneras med en blandning av vax i ett organiskt lösningsmedel. För att 
hålla fuktkvoten på lämplig nivå och förhindra kondensbildning förses kassetten med 
ett fuktabsorberande material (PROSorb™ eller liknande).
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