Common mold pathogen found in humans

Synopsis of Aspergillus fumigates: virulence genes in a street-smart mold
In this article by D.S. Askew, Aspergillus fumigatus is the fungi of particular interest because it is the most common mold pathogen found in humans with an immunosuppressed system. This infection causing fungi enters the human body with its conidia, or asexual spores, when it is inhaled, and has the ability to survive even when the host organism experiences outstanding changes internally. Once in the human body, A. fumigatus typically damages the lungs because the lungs have epithelial cells that engulf the conidia and its hyphae. The conidia essentially destroy the epithelial barrier because it needs nutrients that are secreted by hydrolases. Destruction of the barrier provides a passageway for the fungi into the vasculature, where they can migrate to various sites. The interesting thing about A. fumigatus though, is that it is capable of portraying virulence traits by having a tough yet permeable cell wall, obtaining nutrients necessary for survival, producing harmful products, developing at the human body temperature, and by communicating skillfully with one another under stress.

A. fumigatus has a cell wall composed of “branched and linear �-(1,3) and �-(1,4) glucan, a-(1,3) glucan, chitin, chitosan, and galactomannan.” Compositely, these molecules provide the structure for the fungi but also show redundancy in their functions. For example, there was an increase in the virulence level upon the removal of ags3, an a-(1,3) glucan synthase gene found in the genome of A. fumigatus, even though the glucan content was not changed. In addition to that, despite the disruption of half the glucan content in ags1, the cell was still able to maintain its virulence. Because ags1 has the capacity to be a virulent factor, even with the loss of half its content and the fact that the removal of ags3 increases virulence, it is probable that there is a link between ags1 and ags3. The increase in virulence level of ags1 in the absence of ags3 is only one display of redundancy.

Similar increases in virulence factors were seen in glycophosphatidyl-inositol (GPI)- linked proteins, upon the removal of the GPI-linked Ecm33 protein. A possible explanation for this is that the removal was followed by new mutants. The new mutants may have reproduced quicker to compensate for the lost protein.

Another component of the cell wall that displays redundancy is chitin. There are a minimum of seven known synthase genes that work together to obtain the conditions of the cell wall. Three of the seven synthases were studied and the only synthase that showed lower virulence levels was double ?chsC/?chsG. This is specific to chsG since ?chsG has the same “morphological abnormalities” as the double ?chsC/?chsG.

Other ways that A. fumigatus are able to remain virulent is by obtaining its nutrition under various circumstances. They can do this by using iron binding agents to acquire their iron for usage as well as for storage. A. fumigatus may depend on iron for growth but it is also important that they obtain certain levels of zinc for nutrition.

Additional ways of getting nutrients are with the use of proteases to break down the material extorted from the host. In the process of doing this, amino acids are released which is also beneficial for the development of the fungus. However, not all nutrients can be extracted from the host directly, but with the use of proteins, nitrogen can be obtained. In previous studies, ?areA and ?rhbA mutants from transcription factors show that they have the ability to gather the nitrogen supply from the host environment for the fungus.

Another transcription factor, CpcA, may contribute to the virulence of A. fumigatus since it activates the production of amino acids, also known as the CPC system. In studying this system, the “upstream signaling sensor kinase,” called CpcC, was taken out the system. The findings were unimportant to virulence factors and it is believed that CpcA may have the influencing features.

A. fumigatus is able to safeguard its survival against other components that may be present in the environment by producing harmful products. One product that has been studied, gliotoxin, draws particular interest because of its aptitude to inhibit the activities of the immune system and because of the fatal effects that it can have on other cells. Studies have been made to block this secondary metabolite and it was found that gliotoxin only displays virulence in the presence of neutrophils. Subsequently, this leads to the question of what roles neutrophils may have in virulence factors.

The three genes that are necessary for A. fumigatus to withstand high temperatures include CgrA, O-mannosyltransferase Pmt1, and ThtA. At 37�Celsius, these genes can be expressed, but any disturbances would have an effect on the thermotolerance. At a lower temperature of 22�Celsius, ?cgrA was still able to grow even though it had a defect in its protein.
     Under stress, A. fumigatus can skillfully communicate with one another with the use of signals. The main messenger, cAMP, sets off a series of signals with protein kinases (PKA) that allows the fungus to presume regulatory activities. These activities are necessary if the environmental conditions are unfavorable so that the fungus can undergo physiological changes to tolerate these circumstances. Also, A. fumigatus was found to be nearly avirulent when a subunit of calcium, cnaA, was removed but a derivative of this protein that lacked a transcription factor was still able to grow and cause virulence.

The most difficult interaction a pathogen must overcome is oxidative damage, so regulatory subunits were used in pathways that respond to stress in attempts to stop A. fumigatus' virulence. Of all the catalases examined, only ?cgr1/?cgr2 and ?pkaR were effective, which dispute the anti-oxidant roles that they should have in a host with a comprised immune system.

A. fumigatus is capable of portraying virulence traits by having a tough yet permeable cell wall, obtaining nutrients necessary for survival, producing harmful products, developing at the human body temperature, and by communicating skillfully with one another under stress. Although all five factors have been examined and disruption has been placed on pathways, the key to stopping virulence factors have not been determined. In the cell walls, disturbances and removals were placed on the content but the cell wall displayed redundancy factor in which the neighboring molecules were able to compensate for the changes. As far as obtaining nutrients, biosynthetic pathways were blocked but it did not terminate virulence factors, given that A. fumigatus has more than one method of attaining food. While studying gliotoxin, it was found that it only causes damage when neutrophils are present, which led to questions regarding the principle virulent factor. Alternating the temperate of A. fumigates only caused a defect in the fungus but did not inhibit its growth, which needs to be investigated further to determine what feature will terminate the growth. Communication is key in the virulence of A. fumigates but blocking some of the major signals did not stop the pathogen, so more emphasis needs to be placed on how to stop the fungus from responding to specific messages.

In my opinion, this article has quality information but the paper could have been written better. As far as the five key reasons for the virulence factors, they are displayed clearly but the information within them seem a bit scattered. Based on what I interpreted, the article did not flow smoothly which made the material even more difficult to understand. However, I did find the article interesting because A. fumigatus has such a tremendous support system, in which components of the fungus are able to uptake activities for whatever is destroyed or lost. This support system is highly relevant to those that have an immunocompromised system and to those studying medicine because A. fumigatus is the leading cause of infection. If the reasoning behind A. fumigatus' ability to be pathogenic can be determined, then healthcare will be changed because we will have the knowledge to prevent future infections from occurring. These infections essentially affect a widespread group of people because they have the potential to be fatal, leading to physical and emotional distress amongst society.
