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SUMMARY

The sensitivity of Penicillium chrysogenum and Arthrographis spp.  towards polyaminopolyphosphonates.

Polyaminopolyphosphonates have most of the time a negative nuance, but on the other hand they are used in many processes.  Phosphonates are not only chelating agents but also very potent inhibitors of mineral precipitation and growth.  An important industrial use of phosphonates is in cooling waters, desalination systems and in oil fields to inhibit scale formation. Phosphonates are also used in medicine to treat various bone and calcium metabolism diseases. In detergents phosphonates are used as a combination of chelating agent, scale inhibitor and bleach stabilizer.

The problem with the phosphonates is that they have a very strong C-P bound and a very strong tendency to adsorb onto surfaces, what is therefore not favourable for their biodegradation.

During the experiments two different polyaminopolyphosphonates were tested

To have a better overview if the fungi used the phosphorus originating from the phosphonates and not the inorganic phosphate origination from the Czapek medium, two different compositions of  the medium were made: the standard Czapek medium and the Czapek medium without inorganic phosphate, which is a compound of this medium. To discover in which concentration this polyaminopolyphosphonates were toxic and inhibited the growth of the fungi, 4 different concentrations of the polyaminopolyphosphonate were added to the medium.  The tested fungal strains were Penicillium chrysogenum and Arthrographis spp. which respectively belong to the division of the deuteromycetes and ascomycetes.

For the experiments on the solid Czapek medium, the plates were after inoculation with 

1.105 clear spores/ml placed in the incubator. To examine the sensitivity of the fungi towards the polyaminopolyphosphonates, the diameter of the mycelium of the fungi was measured.

After the experiment on the solid Czapek medium, the liquid Czapek medium was started.  Here only the Penicillium chrysogenum was tested.  The fungi was only tested on two different concentrations of the polyaminopolyphosphonate.  After 28 days on a shaking platform the liquid was separated from the mycelium.  The dry weight of the mycelium was weighed, while the liquid medium was liophilizated.  With the lyophilizate, the analyses with TLC, NMR and GC-MS were done.
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1

PRESENTATION OF THE LABORATORY

The final project for obtaining the bachelor degree in chemistry option environment took place in the Laboratory of Ecology in the Institute of Chemistry of the University of Opole in Lower Silesia in Poland, under the supervision of Doctor Jacek Lipok.

The centre of Opole preserved historical urban pattern which has been shaped from the turn of the 12th and 13th centuries and referred to as Silesian chessboard. 
Today Opole has 131 thousand inhabitants. Fast development of the town was caused by establishing the seat of regency in Opole in 1816. Polish administration took over Opole on 1945. The town has been district capital since 1950 and has been developing very well.. Numerous factories and institutions employ inhabitants of several neighbouring communes. There are four high schools in Opole: the Opole University, Opole Polytechnic, Higher Vocational State School (Medical School) and private High School of Management and Administration. 

The Opole University has known several structural reorganisations.  In 2005 the University hosted six faculties: the Faculty of Theology, the Faculty of History and Pedagogy, the Faculty of Linguistics, the Faculty of Mathematics, Physics and Chemistry, the Faculty of Life and Technical Sciences and the Faculty of Economics.

The faculty of Mathematics and  Physics was founded in the academic year 1952-1953.   Students of physics also studied basic chemical principles.  In 1958 the Division of Chemistry arise within the department of Physics.  In 1964 three new divisions were created within the division of chemistry: Inorganic, organic and Physical Chemistry; the first students were admitted in that year.   The first Masters in Chemistry graduated in 1969, the same year that the Faculty got its present name: the Faculty of Mathematics, Physics and Chemistry.

The institute of Chemistry was founded in 1971, the construction of the building finished in 1978.  Modern teaching and research laboratories stimulated fast progress of the development of the Institute.  

In 1997 the “ Flood of the century” damaged and destroyed several university buildings.  In the next years new laboratories were constructed in the basement of dormitory ‘Mrovisko’, where now the Ecological Chemistry Division of the Institute of Chemistry is located.

The current Director of the Institute is Professor Piotr Wieczorek, also the Director of the Laboratory of Ecology.

2

PROBLEM AND PROJECT

2.1

PROBLEM
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Biodegradation studies are important to our understanding of the environmetal fate of man made chemicals.  Organophosphonates are anthropogenic complexing agents containing one or more C-PO(OH)2 groups.  They are used in numerous technical and industrial applications as chelating agents, scale inhibitors and detergents.  Phosphonates have a very strong interaction with surfaces, which results in a significant removal in technical and natural systems.   The lack of information about phosphonates in the environment is linked to analytical problems of their determination at trace concentrations in natural waters.  Further method development is urgently needed in this area , including speciation of these compounds. 

2.2

PROJECT

The main aim of this project was to examine the sensitivity of fungal strains towards polyaminopolyphosphonate.  During the experiments two different strains were used: Penicillium chrysogenum and Arthrographis spp. which belong to the division of the Deuteromycota respectively ascomycota.   To find out if both strains used the polyaminopolyphosphonate as a nutrient, the growth on the normal Czapek medium, which is a specific medium of growth and development for fungal strains was compared with the Czapek medium without the inorganic phosphate which is one of the components of the medium.  Because it wasn’t known if the fungi would be inhibited by the phosphonate the fungi were tested on four different concentrations of the polyaminopolyphosphonate: half time, the same amount , five times more and ten times more the amount of phosphate which is normally added to the Czapek medium.  During this experiments colour changes of the mycelium and differences in diameter were noticed.  

To discover if the Penicillium chrysogenum or the Arthrographis spp. used the polyaminopolyphosphonate as a P source and biodegraded or mineralized it, the fungi had to be tested on the liquid medium.  Here only Penicillium chrysogenum was used, because a very remarkable phenomena was seen on the solid Czapek medium.  The fungi on the plates where there was no inorganic phosphate and no polyaminopolyphosphonate added showed the biggest growth, even better than the control.  Also the plates with the half and the same amount of phosphates as normally putted in the Czapek medium but without inorganic phosphate grew better than the control.   The erlenmeyer flasks containing the liquid Czapek medium suspension with and without the inorganic phosphate were inoculated with the spores and placed in a shaking platform.  After 30 days the cultures were filtered, and the dry mass of  the mycelium was measured, while the liquid medium was putted in the lyofilisater.  After lyofilisation the analyses with TLC, NMR and GC-MS could be started.
Nuclear magnetic resonance technique was used to check the number of compounds in the medium containing phosphorus, this to reveal if the Penicillium chrysogenum had transformed the polyphosphonate or if the fungi excreted some substances in the medium during the experiments.

The analyses with GC-MS were a technique to find out if the Penicillium chrysogenum excreted some substances into the medium or if it biodegraded the additional phosphonate.

TLC was done just to see if there were differences in the different flasks.
3

LITERATURE
3.1

USE AND PROPERTIES OF PHOSPHONATES [ 1 ]

Phosphonic acids are organic compounds containing one or more C-PO(OH)2 groups.  Bisphosphonates were first synthesized in 1897 by von Baeyer and Hofmann (1897).    The introduction of an amine group into the molecule to obtain –NH -C-PO(OH)2 increases the metal binding abilities of the phosphonate. 2-aminoethylphophonic acid was the first phosphonate identified in an organism (Horiguchi and Kandatus, 1959) and  occurs in plants and many animals, mostly in membranes.  Certain phosphonates are quit common among different organisms, from prokaryotes to eukaryotes, fungi, molluscs and insects.  The biological role of the natural phosphonates is still poorly understood.  

Until now no bis – or polyphosphonates have been found to occur naturally. 
Phosphonates have three main properties:  

· they are effective chelating agents for di-and trivalent metal ions

· they are inhibiting crystal growth and scale formation

· they are quit stable at high temperature, low and high pH and in the presence of oxidants.

An important industrial use of phosphonates is in cooling waters, desalination systems, and in oil fields to inhibit scale formation.  In pulp and paper manufacturing and in the textile industry the are used as peroxide bleach stabilizers, acting as chelating agents for metals that could inactivate the peroxide.  In detergents they are used as a combination of chelating agent, scale inhibition and bleach stabilizer.  Phosphonates are also used increasingly in medicine to treat various bone and calcium metabolism diseases and as carriers for radionuclides in bone cancer treatments.  They are also used as a cement modifier in construction.  In 1998 the consumption of aminopolycarboxylate chelating agents (excluding nitrilotriacetate,NTA) was 155 000 tons in the US, Europe, and Japan.  The consumption of phosphonates was 56 000 tons worldwide ( 40 000 tons in the US, 15 000 tons in Europe and less than 800 tons in Japan.  The latest available data about the consumption of aminopolycarboxylate worldwide was 200 000 tons in 2000.  Phosphonates don’t bioaccumulate, are not extremely toxic, but are persistent.  The phosphonates in detergents are removed in waterpurification stations, but phosphonates in cooling waters are drained, unpurified. 

3.2

CONCENTRATION IN THE ENVIRONMENT

No measurements of phosphonates in natural samples have been reported and only data for waste waters are available.  This is mainly due to the fact that most analytical methods are not able to quantify phosphonates in natural waters at low concentrations.  Phosphonates have been measured in Swiss waste water treatment plants.

3.3

EXCHANGE REACTIONS

3.3.1

Adsorption

Phosphonate have a strong tendency to adsorb onto almost all types of mineral surfaces.  Adsorption is also very strong on natural adsorbents such as sewage sludge.  

Most of these studies, however, have considered that metal ions might significantly alter the adsorption the chelating agent.  Calcium has a very strong positive effect on phosphonate adsorption.  In the presence of millimolar ca concentration, phosphonates were completely adsorbed up to pH of 12.  The maximum surface concentration of phosphonates was also greatly enhanced in the presence of Ca.  When evaluating the adsorptive capacity of a surface towards phosphonates in a natural system, it is therefore necessary to conduct the adsorption experiments under natural Ca concentration.  

Chelating agents are able to considerably alter the adsorption behaviour of a metal onto oxide surfaces.  In general, while a metal shows increasing adsorption with increasing pH.  The chelating agent is therefore mobilizing metals at high pH immobilizing them at low pH.  This effect of complexation on adsorption of metals is of outmost important to the fate of a metal in the environment.

3.3.2

Precipitation
In many instances, phosphonates are added to high salinity waters to prevent the formation of scale.  However, due to the insolubility of some complexes they can potentially precipitate.  This phenomenon often occurs in oil field applications when phosphonates are injected into the subsurface  and are left to interact with calcium-containing formation waters.  This precipitation mechanism is, in fact, often advantageous since the precipitation/dissolution process can enhance the amount of phosphonate placed during a treatment as well as the release characteristics of the phosphonates onto the fluids during production  The fast precipitation forms a pool of phosphonates in the subsurface that lowly dissolves and thereby results in  a steady, low concentration of phosphonates in the brine.  

Whereas the metal-aminocarboxylate complexes are very soluble, there are several metal-phosphonate complexes that are insoluble.

Each phosphonate forms several precipitates with any metal cation, each with different stoichiometry and solubility.  Commonly, an amorphous phase is formed first, and then transformed into a more thermodynamically stable and crystalline phase with time.

3.3.3   
Inhibition of dissolution and precipitation 

Scale formation is a significant problem in commercial water treatment processes including cooling water technology, desalination and oil field applications.  This scale formation can be alleviated by the use of chemical water treatments additives, known as ‘threshold inhibitors’.  Phosphonic acids are among the most potent scale inhibitors next to the polyphosphonates.                                                               These compounds inhibit crystal growth at concentrations far below those required to chelate stoichiometric amounts of the reactive cations.  

Models for the retardation include inhibition of nucleation, adsorption onto growth sites, distortion of the crystal lattice, changes in surface charge, and association with precursors of crystal formation.

The morphology of crystals formed in the presence of phosphonates is markedly different from those in the absence of phosphonates.  

Phosphonates limit the size of the growing crystals and produce a lag phase in which crystal growth is greatly reduced.  It was found the ability of different phosphonates to inhibit crystal growth can be interpreted in terms of the langmuir adsorption model, with the strongest inhibitory effect caused by the compounds that have the capacity to adsorb the most.

Due to there inhibitory effect on crystal  growth, it has been argued that phosphonates may have an adverse effect on phosphate elimination by precipitation with iron or aluminium salts during waste water treatment.  It, was, however, found that although phosphonates had a negative influence on flocculation, it was possible to compensate by increased addition of flocculating agent.  The resulting particulate perception products were stabilized by the dispersing action of the phosphonates and not retained in the sand filter.

3.4

DEGRADATION

3.4.1 

Biodegradation
Phosphonates are similar to phosphate esters except that phosphonates have a carbon-phosphorous (C-P) bond in place of the more familiar carbon oxygen phosphorous linkage.  Because this bond is less labile than the O-P, N-P or S-P linkage, biodegradation of phosphonate containing compound is limited and mainly restricted to phosphonates containing only one functional group.  Phosphonate biotransformation  can occur on the C moiety or can result in breakage of the C-P bond.   The former is specific to the C moiety that latter may be quite non-specific .  In nature bacteria play a major role in phosphonate biodegradation.  Apparently due to the presence of natural phosphonates in the environment, bacteria have evolved the ability to metabolize phosphonates as nutrient sources.  Those bacteria capable of cleaving the C-P bond are able to use phosphonates as a phosphorous source for growth.  The four pathways appear to exist for the use of phosphonate as a P source: phophonatase, phosphonoacetate hydrolase, phosphonopyrovate hydrolase and the C-P lyase pathways (see figure 1).  
The polyphosphonate chelating agents discussed here differ significantly from natural phosphonates, such as 2- aminoethylphohonic acid, because they are much larger, carry a high negative charge and are complexed with metals.  However, bacterial strains capable of degrading polypolyaminopolyphosphonates and HEDP, under P-limited conditions, have been isolated from soils, lakes, waste waters, activated sludge, and compost.  Also the phosphonate phosphonobutane-tricarboxylic acid (PBTC) was rapidly degraded by microbial enrichment cultures from a variety of ecosystems under conditions of low phosphonate availability.

The effects of other more accessible P source on phosphonate uptake and degradation are of great environmental importance.  Many environments such as activated sludge, sediments and soils that act as a sink for phosphonates are not characterized by a lack of P most of the time.  Because phosphonates are utilized almost exclusively as P-source, little biodegradation can be expected under these conditions.

[image: image2.emf]
figure 1: Enzymes cleaving the C-P bound: phosphonatase, phosphonoacetate hydrolase, phosphonopyruvate hydrolase and C-P lyase
3.5 

ENVIRONMENTAL BEHAVIOUR

Phosphonates have properties that differentiate them from other chelating agents and that greatly affect their environmental behavior. Phosphonates have a very strong interaction with surfaces, which results in a significant removal in technical and natural systems. Due to this strong adsorption, little or no remobilization of metals is expected. No biodegradation of phosphonates during water treatment is observed. 

3.6

TOXICOLOGY

Peer-reviewed data on the environmental toxicology of phosphonate chelating agents are very rare, except for glyphosate.  

The toxicity of phosphonates to aquatic organisms is low. Reported values for 48 h LC50 values for fish are between 0,1 and 1,1 mM. Also the bioconcentration factor for fish is very low. Phosphonates are poorly absorbed in the gastro-intestinal tract and most of the absorbed dose was rapidly excreted by the kidneys. Human toxicity is also low which can be seen in the fact that phosphonates are used to treat various diseases. Due to their structural similarity to phosphate esters, phosphonates often act as inhibitors of enzymes due in part to the high stability of the C-P bond.
3.7

SYNTHESIS OF PHOSPHONATES

3.7.1 

Kabachnik-fields
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This three-component coupling of a carbonyl, an amine and a hydrophosphoryl compound 
leads to α-aminophosphonates.

3.7.2

Mechanism
The pathway of the Kabachnik-Fields reaction depends on the nature of the substrates. The amine and hydrophosphoryl compound form a complex in which either one of the partners may react with the carbonyl compound. Often, the basicity of the amine determines the reaction pathway. Weakly basic amines such as anilines, which can act as proton donors, favour the formation of an imine, whereas alkylamines such as cyclohexylamines do not form imines:

[image: image4.png]



If additional catalysts are used, both acids and bases can have a positive influence on the reaction rate. Sometimes, the chemical yield and the diastereoselectivity of the formation of α-aminophosphonates are higher in two-component systems using preformed imines. In this case, due to the phosphonate ↔ phosphite tautomerism, the addition to the imine could occur by either a four- or five-membered transition state:
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3.8

FUNGI
3.8.1

What are fungi
Fungi live everywhere in the air, in the water, on land, in soil , and in and on plants and animals.  Some fungi are microscopic and others are so big that they extend for more than thousand acres.  Fungi are so vital that the types of fungi in the soil determine the types of plants, and therefore, the types of animals that live in the biological community.  Fungi are heterotrophs, obtaining their nutrients by absorption.  Saprophytic fungi secrete enzymes to break down organic matter in recycling.  Other fungi are parasitic and obtain their nutrients from living hosts.  Fungi cell walls are made mostly of the carbohydrate chitin, unlike cell walls of plants which are mostly made of cellulose.  Chitin is also found in the exoskeleton of insects.  The storage carbohydrate of fungi is glycogen, the same storage molecule found in animal muscle and liver cells.  Starch is a storage molecule found in the plant kingdom.

3.8.2

Fungi assist plant roots in four ways
The fungi on plant roots form an association called mycorrhizae, a complex mutually beneficial association. The mycorrhizae increase the surface area of the roots. This increases the surface area for the absorption of water. Ten cubic centimetres of soil may have 1 kilometre of fungal hyphae, having a fungal surface area of 300 square centimetres interfacing with the soil. In addition, the fungus actively and selectively absorbs minerals (especially phosphate ions) that the plant needs and transfers them to the plant, while excluding minerals that the plant does not need (sodium ions). 

The fungus also secretes growth factors that stimulate root growth and branching, as well as antibiotics that protect the root from pathologic bacteria and pathologic fungi. The root needs all the help it can get. Fungi are very important to the health, growth, and function of roots.

3.8.3

Fungi are the world’s most important recyclers 

Fungi are also important in the recycling of organic material and nutrients. Without fungi breaking down dead plant and animal matter, carbon and other molecules essential to life would be locked in organic molecules that are too large for plants to absorb. Fungi break down organic molecules, which are large, complex structures too large to pass across the cell walls of roots, into their inorganic constituents, such as carbon, nitrogen, and other constituents, which are much smaller (atoms). The air is so loaded with fungal spores, that the minute a plant or an animal dies, it is covered with spores. The fungal hyphae secrete exo-enzymes and rapidly enter the body of the dead animal or plant.

While we may applaud the fungi as they rid the world of dead organic material and make those nutrients available for re-use, it is a different story as they destroy our food and coat our shower curtains. It is estimates that each year fungi destroy 10% to 50% of our fruit crops, and a wood-digesting fungi does not differentiate between a fallen limb and a plank on a boat. During the Revolutionary War, the British lost more ships to fungal attack than to enemy attack. Soldiers who were stationed in the tropics during World War II saw their tents, clothes, boots, and some equipment be destroyed by molds.
3.8.4

Structure and function of the fungi
The vegetative (nutritionally active, as opposed to the reproductive) body of most fungi is usually hidden, being diffusely organized around and within the tissues of the food sources. Except for yeasts, which are unicellular, most fungi are multicellular, composed of tiny filaments called hyphae. The hyphae are composed of cell walls made of chitin (the same material that makes up the external skeleton of an insect), a cell membrane, and cytoplasm. The hyphae form a interwoven mat called a mycelium, which is the "feeding" network of a fungus. 

Fungi can reproduce sexually and asexually, although some fungi seem to reproduce only asexually.  The sexual lifecycle of fungi is different from all other eukaryotic organisms in that the zygote is the only diploid cell.  When two mating types fuse the two nuclei do not fuse but coexist until the right conditions are present.  Fusion results in the diploid zygote, which immediately undergoes meiosis to return to the haploid state.  The coexistence of two different mating types of nuclei is the dikaryotic stage, which is unique to fungi.  Surprisingly, the fungi kingdom is more related to the animal kingdom than to the plant kingdom.  Fungi and animal kingdoms probably diverged from a common ancestor some 0,6 billion years ago.

3.8.5

Life cycle of a fungi
The life cycle of a fungus begins with a spore, the reproductive body. It is like a seed, in that it grows up into the adult organism, and, like a seed, it is highly resistant to drying out, which would kill the spore. Unlike a seed, which is a multicelled zygote plus nourishment, the spore is a single cell. When the spore starts to grow, a hyphae begins to grow out of the spore. All hyphae are only one cell wide but many cells long. The body of a fungus is built up out of many threads of hyphae, collectively called the mycelium. The mycelium grows within the substance of its food: soil, plants, animals, people, dead wood or vegetation. When growing conditions are favourable, the fungus sends up fruiting bodies, which we recognize as mushrooms or other structures. These fruiting bodies produce more spores. As noted above, fungi are so prolific in producing spores that millions are raining down all the time. You can't put out a piece of bread without it being instantly colonized with fungal spores. If you keep it moist, it will have recognizable fungi growing on it in just 3 to 5 days.

This form of reproduction is called asexual reproduction. Many (but not all) fungi also reproduce sexually, but each of the six divisions of fungi have their own unique way of doing it. 
Mycologists have classified fungi into six groups according to their molecular structures and sexual reproduction: chytrids, zygomycetes, ascomycetes, basidiomycetes, deuteromycetes and lichens.

· Chyridiomycetes 

Members of this fungi phylum are considered to be the most primitive fungi and probably appeared about 500 million years ago.  Chytrids are microscopic and differ from other fungi phyla because chytrids produce motile spores called zoospores.  The presence of zoospores is one of the reason chytrids were originally placed in the protista kingdom until biochemical and genetic studies later placed them in the fungi kingdom.  Chytrid zoospores have single flagellum that propel the organism toward light, food, or away from harm.  
Chytrids synthesize and release digestive enzymes that break down molecules in the protective covers of the other organisms.   Protective outer covers made of cellulose, keratin and chitin are all decomposed by chytrids.

· Zygomycetes ( zygomycota)

(zygo = yoke; myco = fungus). In this group of fungi, sexual reproduction produces a zygosporangium (containing zygospores) which can remain dormant through unfavourable weather and release the spores when weather is suitable

Zygomycetes include a variety of fungi.  The black bread mold is a common zygomycete.  It decomposes bread, fruits, vegetables, and decaying animals, and produces a fuzzy, black growth on substrate.  All zygomycetes form a zygospore as part of their sexual mode of reproduction.

Zygomycetes can reproduce both sexually and asexual.  Asexual reproduction is by spores formed in the sporangia ( spore-bearing cases).  In nonseptate hyphae, cytoplasm flows freely along the length of the hyphae, enclosing many nuclei.  The presence of sporangia and nonseptate hyphae clearly indicate membership in this group of fungi.

· Ascomycetes (ascomycota)

(ascus = little sac, bag, bladder)  Commonly called “sac fungi” or “cup fungi” for the cup-shaped fruiting bodies of many ascomycetes.  There are some 30000 known ascomycetes, about 500 species of which are called yeasts.  Yeasts produce asexually by budding.  Most yeasts are single-celled but some are multicellular.  Most multicellular ascomycetes reproduce asexually by forming asexual spores called conidia (conid = dust).  The spores simply pinch off from exposed ends of hyphae.

The hyphae of ascomycetes are septate with spores.   During sexual reproduction, plus and minus strains (compatible mating types) of a species come together.  Many ascomycete species interact with plant roots forming mycorrhizae, or fungus roots.  Fungal hyphae may penetrate plat root cells or surround them.  In either case, the association of fungal hyphae and plant roots is essential for plant roots to obtain water and minerals from the soil.  During the experiments, Arthrographis will be one of the strains which is used, and belong to the division of the ascomycota

· Basidiomycetes

(basidium = a small pedestal).  Basidiomycetes are the most familiar of the fungi.  Also called “ club fungi” the account for about a third of all identified fungi.  Most of the fungi body is mycelium, the mass of hyphae that constitutes the vegetative part of a fungus.  But it is the fruiting bodies, which result from sexual reproduction that are visible as mushrooms and other fungi.  Basidomycetes reproduce asexually by fragmentation and conidia spore formation.  The hyphae of basidiomycetes are septate and haploid, like those of the ascomycetes.  Sexual reproduction involves compatible matting types.  Compatible hyphae undergo plasmogamy to form dikaryotic secondary mycelium.
· Deuteromycota 

(deutero = second, i.e. other) This is a general category for fungi in which humans have not yet observed sexual reproduction (which would qualify a fungal species to be classified in any of the other Divisions). This Division is also called Fungi Imperfecti or the imperfect fungi (botanists use “perfect” to refer to a plant with flowers with all their sexual parts and functions, while fungi do not have flowers, the method(s) of sexual reproduction used by members of this Division is unclear). Until recently, Penicillium used to be classified as an imperfect fungus because, while humans had observed asexual reproduction by means of asexually-produced spores, no one had ever seen evidence of sexual reproduction (fertilization and meiosis) in any species of Penicillium. For many years, it was suspected that Penicillium belonged in the Ascomycota, and recently it was officially moved to that Division.

· Lichens

The “bodies” of lichens are made of a mixture of fungus (often an Ascomycete) and either a green alga (Division Chlorophyta) or a bluegreen alga (Cyanobacteria). The fungus and alga live in a symbiotic relationship, that is they are closely associated with each other. More specifically, their relationship is called mutualistic, because both benefit from the relationship. The fungus holds water to keep the alga moist, “digests” rock and makes the minerals available for both to use, and generally serves as protection for the alga. The alga produces organic “food” for both by the process of photosynthesis. The scientific names for lichens usually are based on the type of fungus (each “species” of lichen consists of its own kind of fungus and its own kind of alga). The scientific names for lichens apply to each type of lichen

there are no separate names for the fungus and alga in a lichen. Lichens are often a grayish-green colour, but may be brightly coloured. They are an important food source for a number of animals (notably reindeer), while some species are used by humans for dye. Lichens are good at colonizing bare rock and starting to break it down into soil. Because lichens depend on rainwater as a source of moisture and air as a source of CO2 from which to make sugar, they are extremely sensitive to pollution and are among the first to die. Thus, these fungi are indicator species for poor air quality.
3.9

 PENICILLIUM CHRYSOGENUM

Kingdom: Fungi

Phylum: Deuteromycota
Class: Euascomycetes
Order: Eurotiales 
Family: Trichomaceae
Genus: Penicillium
Species: Penicillium chrysogenum or Penicillium notatum
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figure 2: Penicillium chrysogenum

Species of Penicillium (see figure 2 ) are recognized by their dense brush-like spore-bearing structures. The conidiophores are simple or branched and are terminated by clusters of flask-shaped phialides. The spores (conidia) are produced in dry chains from the tips of the phialides, with the youngest spore at the base of the chain, and are nearly always green. Branching is an important feature for identifying Penicillium species. Some are unbranched and simply bear a cluster of phialides at the top of the stipe. Others may have a cluster of branches, each bearing a cluster of phialides. A third type has branches bearing a second order of branches, bearing in turn a cluster of phialides. These three types of spore bearing systems (penicilli) are called monoverticillate, biverticillate and terverticillate respectively. Penicillium is a large and difficult genus encountered almost everywhere, and usually the most abundant genus of fungi in soils.

3.9.1

Discovery
Penicillin was discovered in 1927 when Alexander Fleming's lab assistant left a window open overnight and let mold spores cover his bacteria specimens in a petri dish. At first he was very irritated at the contamination but as he was about to throw the specimens away he noticed something odd. He looked under the microscope at the bacteria and where the mold grew the bacteria was dead or dying. He had discovered the mold penicillium chrysogenum. After this he did some testing on humans and animals and discovered that not only did it kill bacteria, but it was harmless to humans and animals. Some individuals have shown themselves to be allergic to the fungus now that it has entered widespread use, however the majority of humans suffer no ill effects from exposure to the mold.
3.10

ARTHROGRAPHIS
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Eurotiales
Family: Eremomycetaceae
Genus: Arthrographis

Arthrographis species are a cosmopolitan mould isolated from soil and decaying vegetation. Two species of Arthrographis are most commonly isolated in the laboratory namely:             A. cuboidea and A. kalrae, Arthrographis kalrae has been isolated from skin, nails, and respiratory sites, but has not been established as an etiologic agent of disease. Both species are considered to be allergenic. Toxic related disease has not been associated with this mould.

.

· Pathogenicity

Reported rarely as a cause of mycetoma and corneal infection.  It has been isolated from various sites with questionable etiologie significance.  Most commonly considered a contaminant mainly in skin and nails.

· Rate of growth

Slow at 25-30°C: mature in 10-21 days.  Growth in enhanced at 37°C, also growth at 47°C.  Grows on media containing cycoheximide.

· Colony morphology

Surface at first smooth and yeastlike.  Later velvety cream to pale yellow or tan.  Reverse pale yellow, may become tan.

· Microscopic morphology (see figure 3)

Yeastlike cells seen on early growth: later hyphae are septate and colourless, coniophores are simple or branched in a treelike fashen.  They produce chains of consecutive arthroconidia that are mostly rectangular, some oval.  Round blastoconidia may develop directly on the hyphae (most commonly on submerged hyphae).
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Magnification : 400 x                 Stain: Lactophenol aniline bleu 
• Magnification: x400
figure 3: Microscopic morphology of Arthrographis spp.
4

MATERIALS AND METHODS

4.2

SUBSTANCES

During the experiments two different kinds of polypolyaminopolyphosphonate were examined.
4.2.1

Bis (hexamethylenetriamine-pentakis)
M5:  Bis (hexamethylenetriamine-pentakis), (methylphosphonic acid) solution.
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· Risk and Safety sentences: 

R 34: Causes burns.
S 26: In case of contact with eyes, rinse immediately with plenty of water and seek 

         medical advice.                                                                           

S 36/37/39: Wear suitable protective clothing, gloves and eye/face protection.
S 45: In case of accident or if you feel unwell, seek medical advice immediately. 

   (show label where possible)

· Hazard codes: corrosive




	concentration
	density
	molecular formula
	molecular weight

	~50% in H2O
	1.24 g/ml at 20 °C
	C17H44N3O15P5
	685.41 g/ mol


4.2.2

Hexamethylenediamine -tetrakis
M4:  Hexamethylenediamine- tetrakis, (methylphosphonic acid) solution.
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· Risk and safety sentences: 

S 24/25: Avoid contact with skin end eyes.
	concentration
	density
	molecular Formula
	molecular weight

	~25% in H2O 
	1.31 g/ml at 20 °C
	C10H28N2O12P4
	492,23 g/ mol


4.3

SOLID CZAPEK MEDIUM

The specific medium of growth and development for the fungal strains subjected to testing is the Solid Czapek medium, with the following composition: 

	Component
	Quantity (g)

	Glucose
	  30,0

	NaNO3
	  3,0

	Mg SO4.7H2O
	  0,5

	KCl
	  0,5

	FeSO4. H2O
	  0,0061    

	KH2PO4
	  1,0

	Agar
	  20,0

	Distillated water
	  1000 ml



The correction of the medium up to pH 5,5 was done with KOH (1 M) solution. The resulted medium was sterilized for 20 minutes.

4.4

TWEEN
Tween was used to enhance  the suspension of the spores.   Tween is a nonionic detergent and emulsifier derived from polyoxylated sorbitol and oleic acid.  It is a viscous water soluble yellow liquid. 
4.5

FUNGUL STRAINS

Penicullium chrysogenum and Arthrographis spp. were the fungi which were used during the experiments.  They were taken from the fungal strains collection of the department Ecological chemistry in Opole where they are used in several experiments.  The Penicullium chrysogenum and Arthrographis spp. were inoculated on a Solid Czapek medium and placed in an incubator with a constant temperature of  ± 26 °C.  After two up to three weeks they were big enough and  had the ability to produce the spores thus they were ready to be used for the experiments.  
4.6

EXPERIMENT ON THE SOLID CZAPEK MEDIUM
The first part of the project was looking how sensitive Penicillium chrysogenum and Arthrographis spp. were towards the polyaminopolyphosphonate. 

Two different compositions of the solid Czapek medium were made.  One range was tested on the normal Czapek medium, and the other was tested on de Czapek medium without inorganic phosphate which is one of the components of the medium.  The fungi were examined to four different concentrations of the polyaminopolyphosphonate (M4 or M5) which was supplemented to the solid Czapek medium.  To examine  the sensitivity of the fungi against the polyaminopolyphosphonate the diameter of the mycelium was measured every day.  Also differences in the morphology was distinguished.
4.6.1

Materials
· Solid Czapek medium;

· M5 and M4;

· Penicillium chrysogenum and Arthrographis (two up to three weeks old)

· Petri dishes;

· Pipettes;

· Cotton wool;

· Eye needle;

· Funnel;

· Erlenmeyer flask;

· Thoma chamber;

· Microscope;

· Micropipettes;

· Tween
4.6.2

Method 
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First all materials were sterilized for 20 min on 120°C.  After sterilization the fungi were washed in a sterile room with Tween, ± 5 ml of Tween was poured on the fungi who grew during two up to three weeks on solid Czapek medium. With an eye needle the fungi was detached from the medium.
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After the fungi was washed the suspension was poured through the cotton wool.  Only the clear spores remained in the erlenmeyer flask.
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Before inoculation on the czapek medium the spores needed to be counted on a thoma chamber.
After counting the spores every plate was inoculated with 1 x 105 spores/ml.   

To create the optimal temperature for fungi growth, the plates were placed in an incubator with constant temperature of ± 26 °C.

· Solid Czapek medium control





4 plates

C1 + M5 (7,35 . 10-4 M PO4-3) or M4 (9,81 . 10-4 M PO4-3)


4 plates

C2 + M5 (1,47 . 10-3 M PO4-3) or M4 (1,84 . 10-3 M PO4-3)


4 plates

C3 + M5 (7,35 . 10-3 M PO4-3) or M4 (9,18 . 10-3 M PO4-3)


4 plates

C4 + M5 (1,47 . 10-2 M PO4-3) or M4 (1,84 . 10-2 M PO4-3)


4 plates

· Solid Czapek medium - Pi 






4 plates

C1 - Pi + M5 (7,35 . 10-4 M PO4-3) or M4 (9,81 . 10-4 M PO4-3)

4 plates

C2 - Pi + M5 (1,47 . 10-3 M PO4-3) or M4 (1,84 . 10-3 M PO4-3)

4 plates

C3 - Pi + M5 (7,35 . 10-3 M PO4-3) or M4 (9,18 . 10-3 M PO4-3)

4 plates

C4 - Pi + M5 (1,47 . 10-2 M PO4-3) or M4 (1,84 . 10-2 M PO4-3)

4 plates

· C1 is half of the concentration of phosphate which can be found as inorganic phosphate in the czapek medium.
· C2 contains the same concentration of phosphates as which can be found as  inorganic phosphate in the czapek medium.

· C3 contains 5 times more phosphate than the amount of inorganic phosphate in the czapek medium

· C4 contains 10 times more phosphates than the amount of inorganic phosphate in the czapek medium.

Every day the diameter of the mycelium was measured with a ruler ( see figure 4). The average of the diameter of the four plates was taking. (see table)
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figure 4: the diameter of the mycelium

4.7

EXPERIMENT ON THE CZAPEK LIQUID MEDIUM

After the experiments on the solid medium, the liquid medium was started.  During this experiment only Penicillium Chrysogenum was tested on the different concentrations of M5 and M4 who was added tot the liquid medium.  In this experiment also Czapek medium was used but only 60%  of the glucose was added (because a too big amount of glucose could give too much signals and repress the needed signals during further analyses), also no agar was putted in the erlenmeyer flasks.
4.7.1  
Materials

· Czapek liquid medium;

· Penicillium Chrysogenum ( two up to three weeks old );

· M5 and M4;

· Petri dishes;

· Pipettes;

· Cotton wool;

· Eye needle;

· Funnel;

· Erlenmeyer flasks;

· Thoma chamber;

· Microscope;

· Micropipettes;

· Tween;

· Shaking platform
4.7.2  
Method

First all materials were sterilized.  Next the Penicillium Chrysogenum was washed (same method as Solid Czapek medium ), the spores were counted and each erlenmeyer flask who contained 50 ml of the liquid Czapek medium was inoculated with 1 x 105 spores/ml.  During this experiment the polyaminopolyphosphonate (M5 or M4) was added in a concentration who contains the same amount of phosphates as which can be found as  inorganic phosphate in the czapek medium (C2), and in a concentration who contains 10 times more phosphates than the amount of inorganic phosphate in the Czapek medium (C4).

· Czapek medium control






3 erlenmeyer flasks
C2 + M5 (1,47 . 10-3 M PO4-3) or M4 (1,84 . 10-3 M PO4-3)

3 erlenmeyer flasks

C4 + M5 (1,47 . 10-2 M PO4-2) or M4 (1,84 . 10-3 M PO4-2)

3 erlenmeyer flasks

· Liquid Czapek medium - Pi 





3 erlenmeyer flasks

C2 - Pi + M5 (1,47 . 10-3 M PO4-3) or M4 (1,84 . 10-3 M PO4-3  )
3 erlenmeyer flasks

C4 - Pi + M5 (1,47 . 10-2 M PO4-2) or M4 (1,84 . 10-3 M PO4-2  )
3 erlenmeyer flasks

After inoculation with the spores, the erlenmeyer flasks were putted on a shaking platform during 30 days. As soon as the 30 days were passed the fungi and medium were filtrated.  The mycelium stayed on the filter paper while the medium dropped in the Erlenmeyer flask(see figure 4).  The mycelium and filter paper were dried so the weight of the mycelium could be calculated (see table ?). The eluent was putted in the lyophilizator
.
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figure 5: Filtration of the liquid medium

Before examining the samples in the GC-MS, a little preparation of the lyophilisate had to be done.  50 mg of the lyophilizate (Czapek control, Czapek – Pi, C2 + M5 and C2 – Pi + M5) was solved in 10 ml of water.  This 10 ml of suspension together with 10 ml of dichloromethane was poured in a separating funnel.  After shaking, the dichloromethane was isolated from the suspension.  This procedure was every time repeated three times.  Next the dichloromethane was evaporated.  Than 2 μl was injected in the GC-MS. (welke kolom? Merk? Type? En nauwkeurigheid? 

5 mg of the lyophylisate was brought to the NMR. (wat hebben ze er daar mee gedaan?)

4.8

THIN LAYER CHROMATOGRAPY (TLC) 
4.8.1

Introduction
Thin layer chromatography (TLC) is a very commonly used technique in synthetic chemistry for identifying compounds, determining their purity and following the progress of a reaction. It also permits the optimization of the solvent system for a given separation problem.  It only requires a small quantities of the compound and it is a fast technique as well. 

4.8.2 Stationary phase
As stationary phase, a special finely ground matrix (silica gel, alumina, or similar material) is coated on a glass plate, a metal or a plastic film as a thin layer (± 0.25 mm). In addition a binder like gypsum is mixed into the stationary phase to make it stick better to the slide. In many cases, a fluorescent powder is mixed into the stationary phase to simplify the visualization later on. 
4.8.3 Preparing the Plate
Do not touch the TLC plate on the side with the white surface.  Draw a thin line with a pencil, to obtain a start line (1,0 cm of the border)
4.8.4 Spotting the plate
The thin end of the spotter is placed in the dilute solution; the solution will rise up in the capillary (capillary forces). Touch the plate briefly at the start line. Allow the solvent to evaporate and spot at the same place again. This way you will get a concentrated and small spot. Try to avoid spotting too much material, because this will deteriorate the quality of the separation considerably (‘tailing’). The spots should be far enough away from the edges and from each other as well. If possible, you should spot the compound or mixture together with the starting materials and possible intermediates on the plate. They will serve as internal reference since every TLC plate is slightly different.
4.8.5

Developing a Plate

A TLC plate can be developed in a beaker or closed jar. Place a small amount of solvent       (= mobile phase) in the container. The solvent level has to be below the starting line of the TLC, otherwise the spots will dissolve away. The lower edge of the plate is then dipped in a solvent. 
The solvent (eluent) travels up the matrix by capillarity, moving the components of the samples at various rates because of their different degrees of interaction with the matrix (=stationary phase) and solubility in the developing solvent. Non-polar solvents will force non-polar compounds to the top of the plate, because the compounds dissolve well and do not interact with the polar stationary phase. Allow the solvent to travel up the plate until ±1 cm from the top. Take the plate out and mark the solvent front immediately. Do not allow the solvent to run over the edge of the plate. Next, let the solvent evaporate completely.
4.8.6

Analysis
The components, visible as separated spots, are identified by comparing the distances they have traveled with those of the known reference materials. Measure the distance of the start line to the solvent front . Then measure the distance of center of the spot to the start line . Divide the distance the solvent moved by the distance the individual spot moved. The resulting ratio is called Rf-value (see figure 6 ). The value should be between 0,0 (spot did not moved from starting line) and 1,0 (spot moved with solvent front) and is unitless.
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figure 6: the Rf-value

The Rf (=retardation factor) depends on the following parameters:

· solvent system 

· absorbent (grain size, water content, thickness) 

· amount of material spotted 

· temperature 

Due to the fact that all those variables are difficult to keep constant, a reference compound is usually applied to the plate as well.

4.9

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 

http://www.chem.ucalgary.ca/courses/351/Carey/Ch13/ch13-nmr-1.html

4.9.1  
Introduction
Nuclear magnetic resonance spectroscopy most commonly known as NMR spectroscopy is the name given to the technique which exploits the magnetic properties of nuclei and measures their radio frequency absorptions. This phenomenon and its origins are detailed in a separate section on Nuclear magnetic resonance or NMR. 
Many areas of information can be obtained from this single phenomenon. In its simplest form NMR allows identification of individual atoms in a pure molecule.   NMR is based in quantum mechanical properties of nuclei, and as such is very reliable, predictable and reproducible. 

The impact of NMR Spectroscopy on the natural sciences is substantial. It can be used to study mixtures of analytes; to understand dynamic effects such as change in temperature and reaction mechanisms; it can be used in the solution and solid state; and critically it is an invaluable tool in understanding protein and nucleic acid structure and function.
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A spinning charge generates a magnetic field, as shown by the animation on the left
The resulting spin-magnet has a magnetic moment (μ) proportional to the spin

In the presence of an external magnetic field (B0), two spin states exist, +1/2 and -1/2.
The magnetic moment of the lower energy +1/2 state is alligned with the external field, but that of the higher energy -1/2 spin state is opposed to the external field. Note that the arrow representing the external field points North.

The difference in energy between the two spin states is dependent on the external magnetic field strength, and is always very small. The following diagram illustrates that the two spin states have the same energy when the external field is zero, but diverge as the field increases. At a field equal to Bx a formula for the energy difference is given (remember I = 1/2 and μ is the magnetic moment of the nucleus in the field).




Strong magnetic fields are necessary for NMR spectroscopy. The international unit for magnetic flux is the tesla (T). The earth's magnetic field is not constant, but is approximately 10-4 T at ground level. Modern nmr spectrometers use powerful magnets having fields of 1 to 20 T. Even with these high fields, the energy difference between the two spin states is less than 0.1 cal/mole. To put this in perspective, recall that infrared transitions involve 1 to 10 kcal/mole and electronic transitions are nearly 100 time greater.
For nmr purposes, this small energy difference (ΔE) is usually given as a frequency in units of MHz (106 Hz), ranging from 20 to 900 Mz, depending on the magnetic field strength and the specific nucleus being studied. Irradiation of a sample with radio frequency (rf) energy corresponding exactly to the spin state separation of a specific set of nuclei will cause excitation of those nuclei in the +1/2 state to the higher -1/2 spin state. Nmr spectroscopy is the energetically mildest probe used to examine the structure of molecules. 
The nucleus of a hydrogen atom (the proton) has a magnetic moment μ = 2.7927, and has been studied more than any other nucleus

For spin 1/2 nuclei the energy difference between the two spin states at a given magnetic field strength will be proportional to their magnetic moments. For the four common nuclei noted above the magnetic moments are: 1H μ = 2.7927, 19F μ = 2.6273, 31P μ = 1.1305 & 13C μ = 0.7022. The following diagram gives the approximate frequencies that correspond to the spin state energy separations for each of these nuclei in an external magnetic field of 2.34 T. The formula in the coloured box shows the direct correlation of frequency (energy difference) with magnetic moment (h = Planck's constant).
4.10

GAS CHROMATOGRAHPY- MASS SPECTROMETRY 

4.10.1

Introduction
Gas chromatography-mass spectrometry (GC-MS) is a method that combines the features of gas-liquid chromatography and mass spectrometry to identify different substances within a test sample.

4.10.2
 
The principle
The GC-MS is composed of two major building blocks: the gas chromatograph and the mass spectrometer ( see figure 7) . The gas chromatograph uses the difference in the chemical properties between different molecules in a mixture to separate the molecules. The molecules take different amounts of time (called the retention time) to come out of the gas chromatograph, and this allows the mass spectrometer downstream to evaluate the molecules separately in order to identify them. The mass spectrometer does this by breaking each molecule into ionized fragments and detecting these fragments using their mass to charge ratio. Each molecule has a specific fragment spectrum which allows for its detection.  These two components, used together, allow a much finer degree of substance identification than either unit used separately. It is possible to make an accurate identification of a particular molecule by gas chromatography or mass spectrometry alone. The mass spectrometry process normally requires a very pure sample while gas chromatography can be confused by different molecular types that both happen to take about the same amount of time to travel through the unit (i.e. have the same retention time). 



figure 7: GC-MS schematic
Sometimes two different molecules can also have a similar pattern of ionized fragments in a mass spectrometer (mass spectrum). Combining the two processes makes it extremely unlikely that two different molecules will behave in the same way in both a gas chromatograph and a mass spectrometer. So when an identifying mass spectrum appears at a characteristic retention time in a GC-MS analysis, it is usually taken as proof of the presence of that particular molecule in the sample. 
4.10.3 

Gas chromatography
4.10.3.1
Introduction
Gas chromatography involves a sample being vaporised and injected onto the head of the chromatographic column. The sample is transported through the column by the flow of inert, gaseous mobile phase. The column itself contains a liquid stationary phase which is adsorbed onto the surface of an inert solid.
4.10.3.2
The gas chromatograph
Mobile phases are generally inert gases such as helium, argon, or nitrogen. The injection port consists of a rubber septum through which a syringe needle is inserted to inject the sample. The injection port is maintained at a higher temperature than the boiling point of the least volatile component in the sample mixture. Since the partitioning behaviour is dependant on temperature, the separation column is usually contained in a thermostat-controlled oven. Separating components with a wide range of boiling points is accomplished by starting at a low oven temperature and increasing the temperature over time to elute the high-boiling point components. Most columns contain a liquid stationary phase on a solid support. Separation of low-molecular weight gases is accomplished with solid adsorbents. 
4.10.4
  
The mass spectrometer

4.10.4.1
Working of the mass spectrometer

To analyse a substance with the mass spectrometer it must be in the gasfase. solid substances and fluids are brought for this reason by vaporisation in the gasfase. Next, using a vacuum pump the gaseous monster is sucked by the apparatus..
4.10.4.2 Ionisationroom
At first the monster passes the ionisation chamber. The molecules, under the influence of a very powerful electric field, are bombarded with electrons. Here a positive ion is formed. The relatively unstable molecule ion can fall in scrap pieces. This process is called fragmentation. The fragments which arise is characteristic for the structure of the molecule. (see figure 8)

4.10.4.3 Acceleration
The formed fragments are accelerated in a next component of the mass spectrometer by an electric field. (see figure 8)

4.40.4.4
Magnetic field

The accelerated fragments arrive at a magnetic field. This magnetic field ensures that the fragments curve. They go not longer straight but make a turning. The degree in which every fragment ion curved depends on the mass: the heaviest ions will be less curved. (see figure 8)

4.10.4.5
Detection
The ions are now separated on basis of their mass. At least the detection follows. The intensities of the separated ion cords are registered as a function of the mass. Because of this a pattern is formed, which is called: mass spectrum. (see figure 8)
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figure 8:  Mass spectrometer
5
RESULTS AND DISCUSSION

5.1 RESULT OF Penicillium chrysogenum, THE GROWTH ON THE SOLID CZAPEK MEDIUM MODIFIED BY ADDITION WITH M5

           table 1: diameter of the mycelium (cm) of Penicillium chrysogenum each day of the experiment

	 Inoculated:

 20/02/2007
	22/02/2007
	23/02/2007
	26/02/2007
	27/02/2007
	28/02/2007
	1/03/2007
	2/03/2007
	3/03/2007
	5/03/2007
	6/03/2007

	control
	0,88
	1,60
	3,30
	3,95
	4,18
	4,50
	4,73
	5,48
	5,88
	6,57

	control - Pi
	0,90
	1,54
	3,53
	4,15
	4,83
	5,45
	6,15
	6,83
	7,93
	8,28

	C1 + M5
	0,88
	1,55
	3,33
	3,98
	4,33
	4,95
	5,25
	5,53
	6,10
	6,33

	C1 - Pi + M5
	0,63
	1,23
	3,40
	4,13
	4,58
	5,35
	6,00
	6,70
	7,08
	7,30

	C2 + M5
	0,83
	1,50
	3,33
	3,68
	4,25
	4,74
	5,05
	5,60
	6,20
	6,90

	C2 - Pi + M5
	0,63
	1,38
	3,03
	3,65
	3,95
	4,80
	5,20
	6,00
	6,65
	6,80

	C3 + M5
	0,63
	1,33
	3,03
	3,63
	4,05
	4,50
	4,80
	5,38
	5,78
	6,30

	C3 - Pi + M5
	0,45
	1,10
	2,60
	2,95
	3,43
	3,73
	4,13
	4,58
	5,05
	5,60

	C4 + M5
	0,58
	1,18
	2,60
	3,23
	3,50
	4,00
	4,23
	4,95
	5,55
	5,65

	C4 - Pi + M5
	0,30
	0,83
	2,13
	2,60
	3,15
	3,33
	3,73
	4,23
	4,83
	5,17
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The results of this experiment shows a very remarkable phenomena.  

In the control -Pi  is a much more bigger grew noticed than in the control and in the  plates modified with M5.  Maybe this was due to the Penicillium chrysogenum who was searching for nutrients.  Not only the growth was bigger also the morphology was different.  In stead of the normal morphology of Penicillium chrysogenum on solid Czapek medium which means: flat, velvety in texture, colonies  with orange spots on the top, initially white and become green, a white border at the mycelium and the plate reverse in pale to yellowish, the fungi was pale, transparent with green spots on the top, no colour change of the medium and the texture was not velvety but rather fibrous.

The graphic shows also that there is not a significant different for the growth of the control and the other plates where the M5 was added.
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In this graphic it is seen that the differences between the plates with addition of M5 is much more bigger.  C1- Pi+M5 and C2- Pi+M5 grew better than the control, maybe this is due to the fungi who used the compound as a P source.  C3-Pi+M5 and C4-Pi+M5 showed a deficit of growth.  Probably the Penicillium chrysogenum was inhibited because of the big amount of polyaminopolyphosphonates. 
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figure 9: Morphology of Penicillium chrysogenum in the presence of M5

	Inoculated:

12/02/2007
	15/03/2007
	16/03/2007
	17/03/2007
	19/03/2007
	20/03/2007
	21/03/2007
	22/03/2207
	23/03/2007
	25/03/2007
	26/03/2007
	27/03/2007
	28/03/2007
	29/03/2007
	30/03/2007

	control
	1,18
	1,65
	2,08
	3,15
	3,58
	4,00
	4,55
	5,08
	6,20
	6,40
	7,03
	7,07
	7,53
	7,90

	controle - Pi
	1,23
	1,85
	2,43
	3,05
	3,45
	3,90
	4,10
	4,68
	5,78
	6,03
	6,50
	6,83
	7,20
	7,28

	C1 + M5
	1,00
	1,43
	1,98
	2,98
	3,48
	3,93
	4,45
	5,07
	5,90
	6,70
	7,20
	7,55
	7,80
	7,84

	C1 - Pi + M5
	1,05
	1,53
	1,95
	2,90
	3,45
	3,68
	4,23
	4,80
	5,80
	5,85
	6,45
	6,58
	7,10
	7,35

	C2 + M5
	0,93
	1,33
	1,73
	2,75
	3,40
	3,90
	4,43
	4,90
	6,05
	6,43
	6,83
	7,28
	7,40
	7,85

	C2 - Pi + M5
	0,70
	1,20
	1,70
	2,60
	3,07
	3,40
	3,80
	4,00
	4,65
	4,90
	5,20
	5,60
	5,70
	5,80

	C3 + M5
	0,60
	1,07
	1,40
	2,28
	2,48
	2,98
	3,45
	3,73
	4,90
	5,23
	5,68
	6,25
	6,65
	7,13

	C3 - Pi + M5
	0,43
	0,75
	0,98
	1,73
	1,98
	2,23
	2,58
	2,93
	3,50
	3,78
	4,23
	4,43
	4,70
	5,00

	C4 + M5
	0,53
	0,70
	1,28
	1,73
	2,00
	2,13
	2,53
	2,75
	3,58
	3,73
	3,88
	4,15
	4,33
	4,75

	C4 - Pi + M5
	0,58
	0,86
	0,97
	1,53
	1,95
	2,35
	2,68
	3,00
	3,90
	4,00
	4,45
	4,58
	4,98
	5,30


5.2
RESULT OF Arthrographis spp  THE GROWTH ON THE SOLID CZAPEK MEDIUM MODIFIED BY ADDITION WITH M5                                                                                                                                                                                                                                                                  

table 2: The diameter of the mycelium (cm) of Arthrographis spp. Each day of the experiment.
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C1+M5 and C2 + M5 grew significant with the control, while C3 + M5 and C4 + M5 showed a very big deficit in growth.  Probably the Arthrographis was inhibited.  Here the control – Pi had a lower growth than in the experiment with the Penicillium chrysogenum.  From the 13th day the Arthrographis in C1 + M5 grew faster than in the control, probably this is caused of the impurity of the pentakis ( the pentakis is only for 80 % pure, the other 20% can be inorganic phosphate)
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A big different in diameter is noticed depending of the concentration of the M5.  Probably here the pentakis didn’t serve as a P source because the best growth is seen in the control.
Ask to Dr. Lipok

De control min de pi groeit ongeveer hetzelfde gelijk de C1, hoe kkomt dit

Waarom ligt c2 in het midden, komt dit door de concentratie

	Medium
	Weight filterpaper (g) (1)
	Weight filterpaper + mycelium (g) (2)
	(2) - (1) after drying (g)
	Average( g)



	Czapek control
	0,4734

0,4796
	0,5656

0,6704
	0,0922

0,1728
	0,1325

	Czapek – Pi
	0,4756

0,4725

0,4709
	0,5209

0,5023

0,5030
	0,0453

0,0298

0,0321
	0,0357

	C2 + M5
	0,4664
	0,5224
	0,0560
	0,0560

	C2 - Pi+ M5
	0,4733

0,4744

0,4884
	0,5345

0,5324

0,5605
	0,0612

0,0580

0,0721
	0,0638

	C4 + M5
	0,4689

0,4665

0,4627
	0,5956

0,6394

0,7344
	0,1267

0,1729

0,2717
	0,1904

	C4 - Pi + M5
	0,4613

0,4579
	0,7600

0,7436
	0,2987

0,2859
	0,2923


table 3:  The dry mass of the mycelium originating from Penicillium chrysogenum
the best growth is observed in the medium where the inorganic phosphate is not added to the medium, and were the biggest concentration of polypolyaminopolyphosphonates was putted to the medium.  Followed by the same concentration of M5, but where the medium contained the inorganic phosphate.

In the Czapek medium without inorganic phosphate the lowest growth was observed

� Freeze drying (also known as lyophilization) is a � HYPERLINK "http://en.wikipedia.org/wiki/Dehydration" \o "Dehydration" �dehydration� process typically used to � HYPERLINK "http://en.wikipedia.org/wiki/Preserve" \o "Preserve" �preserve� a perishable material or make the material more convenient for transport. Freeze drying works by � HYPERLINK "http://en.wikipedia.org/wiki/Freezing" \o "Freezing" �freezing� the material and then reducing the surrounding � HYPERLINK "http://en.wikipedia.org/wiki/Pressure" \o "Pressure" �pressure� and adding enough heat to allow the frozen water in the material to � HYPERLINK "http://en.wikipedia.org/wiki/Sublimation_%28physics%29" \o "Sublimation (physics)" �sublime� directly from the solid phase to gas
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