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Fusarium graminearum (teleomorph: Gibberella zeae) is a pathogen of maize, wheat, rice, and barley responsible

for the disease known as Fusarium head blight (FHB) and mycotoxin contamination. Several studies have explored

in depth the biochemistry and genetics of the pigments present in Fusarium graminearum. Still, there is a need to

discuss their relationship with the mold’s observable surface color pattern variation throughout its lifecycle. 

Fusarium graminearum  color  pigments  polyketides  carotenoids

1. Introduction

Fusarium graminearum (teleomorph: Gibberella zeae) is a pathogen of maize, wheat, rice, and barley responsible

for the disease known as Fusarium head blight (FHB) and mycotoxin contamination . FHB destroyed the grain

starch and protein and was responsible for losses of over $2.7 billion in the United States between 1998 and 2000

. The mold’s most common mycotoxins are nivalenol (NIV) and deoxynivalenol (DON) , usually occurring

together and frequently associated with gastrointestinal disorders, among other health impairments . However,

there are other relevant toxins, such as zearalenone (ZEA) , an estrogenic compound capable of causing

abortion and other reproductive complications .

Very few studies comprehensively describe and relate F. graminearum surface colors and its pigments, properties,

biosynthetic or genetic origin, though some were isolated during the 1930s–1960s . There was also

considerable chemical analysis of Fusarium pigmentation in the late 1970s and early 1980s, but this never tried to

relate the compounds with the mold’s observable biological phenomena . Recent sequencing of the F.

graminearum genome and development of gene replacement tools allowed major progress in genetic and

biochemical studies . Now, it is known that the red pigmentation of F. graminearum is due to the deposition of

aurofusarin in the walls . Still, it is likely to be the combination of several pigments .

Pigmentation is part of the mold growth process, and it can be used as a tool for growth studies as an alternative to

the expansion in size . This approach can help overcome spatial constraints in fungal studies or applications,

such as the limited size or particular shape of a Petri dish or bioreactor, or even predict toxin production solely by

analyzing the mold surface color. For instance, mutants with the absence of the pigment aurofusarin seem to

produce an increased amount of ZEA , and histone H3 lysine 4 methylation (H3K4me) is important for the

transcription of genes for the biosynthesis of both DON and aurofusarin . Thus, there is some connection

between the production of major Fusarium mycotoxins and pigments.
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2. F. graminearum Colors throughout Its Lifecycle

It is first important to know that there is no single set of colors to describe F. graminearum throughout its lifecycle.

The surface colors change depending on several variables, such as strain, maturity, nutrients, temperature, pH,

water activity, light exposure, and aeration . Ashley et al.  mentioned early studies identifying pH as the

main determinant of Fusarium colors, “so that the same culture may be orange or yellow-colored at an acid

reaction, the color changing to red or blue when the medium becomes alkaline.” Medentsev et al.  said that the

biosynthesis of naphthoquinones (major secondary metabolites, including pigments) is the mold’s main response to

stress. F. graminearum has different types of pigments, all with distinct properties , from which we

have to expect numerous combinations and the resulting chromatic attributes. For instance, the teleomorph was

found to have violet pigmentation in its perithecia . Thus, it is impractical to summarize all possibilities. For this

reason, this description will focus on the mold grown on yeast extract agar (YEA) at 25 °C as an example (Figure

1). The isolate was obtained from the Catalogue of the Japan Collection of Microorganisms (JCM), where it is

registered as the teleomorph Giberella zeae (Schwabe) Petch, and it was isolated by Sugiura  from rice stubble

in Hirosaki, Aomori Prefecture, Japan.

Figure 1. F. graminearum surface colors on its (a) 3rd day, (b) 6th day, and (c) 16th day.

YEA is a highly nutritive medium containing agar as a solidifier, peptic digest of animal tissue, and yeast extract. It

is thus rich in nitrogenous compounds, vitamin B, and other nutrients . Furthermore, yeast extracts do not seem

to affect the quality or level of aurofusarin, a major pigment, by any Fusarium species . This is important

because it is desirable to use the mold’s original coloration in the studies without changing it much because of the

nutrients available.

F. graminearum colors change in a very consistent and predictable pattern . At a glance, the mold germinates as

a pale mycelium and starts to acquire a yellowish coloration between its third and fourth day. It attains its full

orange tone on the sixth day and then shifts to dark wine red by the 16th day. The color distribution is

heterogeneous: it forms a radial gradient, with the center more intensely colored and increasingly pale

surroundings. Kim et al.  described the F. graminearum as a “yellow to tan mycelia with the white to carmine-red

margins,” certainly depending on the condition in which it grows. A dominant red color tends to become more
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evenly distributed as the fungus ages, and alternated concentric layers of white and red rings close to the center

become increasingly evident. The white rings are hairy and seem to be formed of colorless hyphae. The medium’s

color change (Figure 1c) from pale to yellow is due to the accumulation of aurofusarin .

A recent analysis based on red, green, and blue (RGB) channels taken for F. graminearum photographs shows that

the three color components are positively correlated and all exhibit a third-degree polynomial trend when measured

throughout the first 20 days of its lifecycle, and it makes the colors a potential tool to replace size-based

measurements for growth studies and to predict toxin production .

3. Main F. graminearum Pigments

Most of what is known about the pigmentation of F. graminearum comes from studies on F. culmorum, F.

aquaeductuum, F. fujikuroi, and F. oxysporum, and eventual confirmation that the pigments occur across species

. Such studies aim to enhance pigment production for the dye industry as an alternative to synthetic

counterparts . A pioneering study by Ashley et al.  identified aurofusarin, rubrofusarin, culmorin, and their

derivatives among the pigments. Since then, others have been mentioned, including perithecial melanin  and

carotenoids . The most relevant carotenoids from F. graminearum are perhaps neurosporaxanthin and torulene

.

F. graminearum pigmentation is very complex, but most pigments have similar colors, ranging from yellow and

orange to red. Thus, it is not easy to know how much each pigment contributes to its color. Nevertheless, the

literature points towards aurofusarin and neurosporaxanthin, and possibly also rubrofusarin, as the ones impacting

F. graminearum’s surface color the most. No source has simultaneously covered non-carotenoid and carotenoid

pigments. The ones describing each of these classes showed the tendency to state the respective compounds as

the main source of coloration, maybe because the pigments have similar colors. It would be a good idea to find out

which contributes the most to the coloration, perhaps by experimentation based on the distinctive properties of the

pigments. For instance, carotenoids are expected to be reactive to light. Still, as far as the literature has shown,

polyketides such as aurofusarin and rubrofusarin are not likely to change considerably in the presence and

absence of illumination. By simple observation, aurofusarin appears predominant because F. graminearum

specimens grown in dark and illuminated settings do not seem to present different coloration when maintained at

the same temperature.

In any case, the color change has previously been demonstrated to follow a predictable trend, disregarding the

pigments involved. Thus, whichever the dominant pigments follow a consistent pattern over time. It is still difficult to

advocate if the changes are mostly due to variations in the proportion of different pigments or chemical reactions

leading to changes of the same compound into its derivatives, just like the case of aurofusarin at different pH

settings. It could even be simply the breakdown of aurofusarin into rubrofusarin molecules.

There are two more aspects to consider before listing F. graminearum pigments or related compounds. Culmorin is

colorless, but it is included in this review because it was isolated together for the first time during studies of
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Fusarium pigmentation. Bikaverin and fusorubin are Fusarium pigments . Still, they are not included in the

following list because there is very little evidence about their occurrence and impact on the coloration of F.

graminearum.

References

1. Kim, J.-E.; Jin, J.; Kim, H.; Kim, J.-C.; Yun, S.-H.; Lee, Y.-W. Gip2, a putative transcription factor
that regulates the aurofusarin biosynthetic gene cluster in gibberella zeae. Appl. Environ.
Microbiol. 2006, 72, 1645–1652.

2. Malz, S.; Grell, M.N.; Thrane, C.; Maier, F.J.; Rosager, P.; Felk, A.; Albertsen, K.S.; Salomon, S.;
Bohn, L.; Schäfer, W. Identification of a gene cluster responsible for the biosynthesis of
aurofusarin in the fusarium graminearum species complex. Fungal Genet. Biol. 2005, 42, 420–
433.

3. Garcia-Cela, E.; Kiaitsi, E.; Medina, A.; Sulyok, M.; Krska, R.; Magan, N. Interacting
environmental stress factors affects targeted metabolomic profiles in stored natural wheat and
that inoculated with F. Graminearum. Toxins 2018, 10, 56.

4. Weidenbörner, M. Encyclopedia of Food Mycotoxins, 1st ed.; Springer-Verlag: Berlin Heidelberg:
Berlin, Germany, 2001; p. 294.

5. Yoshizawa, T. Thirty-five years of research on deoxynivalenol, a trichothecene mycotoxin: With
special reference to its discovery and co-occurrence with nivalenol in Japan. Food Saf. 2013, 1,
2013002.

6. Hueza, I.M.; Raspantini, P.C.F.; Raspantini, L.E.R.; Latorre, A.O.; Górniak, S.L. Zearalenone, an
estrogenic mycotoxin, is an immunotoxic compound. Toxins 2014, 6, 1080–1095.

7. Lysoe, E.; Klemsdal, S.S.; Bone, K.R.; Frandsen, R.J.; Johansen, T.; Thrane, U.; Giese, H. The
PKS4 gene of Fusarium graminearum is essential for zearalenone production. Appl. Environ.
Microbiol. 2006, 72, 3924–3932.

8. Ashley, J.N.; Hobbs, B.C.; Raistrick, H. Studies in the biochemistry of micro-organisms: The
crystalline colouring matters of Fusarium culmorum (W.G. Smith) Sacc. and related forms.
Biochem. J. 1937, 31, 385–397.

9. Stout, G.H.; Jensen, L.H. Rubrofusarin: A structure determination using direct phase calculation.
Acta Crystallogr. 1962, 15, 451–457.

10. Baker, P.M.; Roberts, J.C. Studies in mycological chemistry. Part XXI. The structure of
aurofusarin, a metabolite of some fusarium species. J. Chem. Soc. C: Org. 1966, 2234–2237.

11. Barton, D.H.R.; Werstiuk, N.H. The constitution and stereochemistry of culmorin. Chem.
Commun. (London) 1967, 1, 30–31.

[19][29][30]



Fusarium graminearum Pigments and Compounds | Encyclopedia.pub

https://encyclopedia.pub/entry/11740 5/6

12. Shibata, S.; Morishita, E.; Takeda, T.; Sakata, K. Metabolic products of fungi. XXVIII. The structure
of aurofusarin. (1). Chem. Pharm. Bull. (Tokyo) 1968, 16, 405–410.

13. Frandsen, R.J.N.; Nielsen, N.J.; Maolanon, N.; Sørensen, J.C.; Olsson, S.; Nielsen, J.; Giese, H.
The biosynthetic pathway for aurofusarin in fusarium graminearum reveals a close link between
the naphthoquinones and naphthopyrones. Mol. Microbiol. 2006, 61, 1069–1080.

14. Dufosse, L.; Fouillaud, M.; Caro, Y.; Mapari, S.A.; Sutthiwong, N. Filamentous fungi are large-
scale producers of pigments and colorants for the food industry. Curr. Opin. Biotechnol. 2014, 26,
56–61.

15. Avalos, J.; Pardo-Medina, J.; Parra-Rivero, O.; Ruger-Herreros, M.; Rodríguez-Ortiz, R.; Hornero-
Méndez, D.; Limón, M.C. Carotenoid biosynthesis in Fusarium. J. Fungi (Basel) 2017, 3, 39.

16. Kim, H.; Son, H.; Lee, Y.W. Effects of light on secondary metabolism and fungal development of
Fusarium graminearum. J. Appl. Microbiol. 2014, 116, 380–389.

17. Cambaza, E.; Koseki, S.; Kawamura, S. The use of colors as an alternative to size in Fusarium
graminearum growth studies. Foods 2018, 7, 100.

18. Liu, Y.; Liu, N.; Yin, Y.; Chen, Y.; Jiang, J.; Ma, Z. Histone H3K4 methylation regulates hyphal
growth, secondary metabolism and multiple stress responses in Fusarium graminearum. Environ.
Microbiol. 2015, 17, 4615–4630.

19. Medentsev, A.G.; Arinbasarova, A.; Akimenko, V.K. Biosynthesis of naphthoquinone pigments by
fungi of the genus fusarium. Appl. Biochem. Microbiol. 2005, 41, 503–507.

20. Shibata, S.; Morishita, E.; Takeda, T.; Sakata, K. The structure of Aurofusarin. Tetrahedron Lett.
1966, 7, 4855–4860.

21. Jin, J.-M.; Lee, J.; Lee, Y.-W. Characterization of carotenoid biosynthetic genes in the ascomycete
gibberella zeae. FEMS Microbiol. Lett. 2009, 302, 197–202.

22. Leeper, F.J.; Staunton, J. The biosynthesis of rubrofusarin, a polyketide naphthopyrone from
Fusarium culmorum: 13C nmr assignments and incorporation of 13C-and 2H-labelled acetates. J.
Chem. Soc., Perkin Trans. 1 1984, 2919–2925.

23. Proctor, R.H.; Butchko, R.A.; Brown, D.W.; Moretti, A. Functional characterization, sequence
comparisons and distribution of a polyketide synthase gene required for perithecial pigmentation
in some fusarium species. Food Addit. Contam. 2007, 24, 1076–1087.

24. Sugiura, Y. Gibberella zeae (schwabe) petch. In JCM Catalogue; Japan Collection of
Microorganisms, Ed.; Microbe Division (JCM): Tsukuba, Japan, 1996.

25. Sigma-Aldrich. 01497 yeast extract agar. Available online: (4 September 2018).



Fusarium graminearum Pigments and Compounds | Encyclopedia.pub

https://encyclopedia.pub/entry/11740 6/6

26. Sorensen, J.L.; Sondergaard, T.E. The effects of different yeast extracts on secondary metabolite
production in fusarium. Int. J. Food Microbiol. 2014, 170, 55–60.

27. Dufossé, L.; Caro, Y.; Fouillaud, M. Fungal pigments: Deep into the rainbow of colorful fungi. J.
Fungi 2017, 3, 45.

28. Frandsen, R.J.N.; Rasmussen, S.A.; Knudsen, P.B.; Uhlig, S.; Petersen, D.; Lysøe, E.;
Gotfredsen, C.H.; Giese, H.; Larsen, T.O. Black perithecial pigmentation in fusarium species is
due to the accumulation of 5-deoxybostrycoidin-based melanin. Sci. Rep. 2016, 6, 26206.

29. Gerber, N.N.; Ammar, M.S. New antibiotic pigments related to fusarubin from fusarium solani
(Mart.) Sacc. II. Structure elucidations. J. Antibiot. (Tokyo) 1979, 32, 685–688.

30. Ammar, M.S.; Gerber, N.N.; McDaniel, L.E. New antibiotic pigments related to fusarubin from
fusarium solani (Mart.) Sacc. I. Fermentation, isolation, and antimicrobial activities. J. Antibiot.
(Tokyo) 1979, 32, 679–684.

Retrieved from https://encyclopedia.pub/entry/history/show/27750


