









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Craig Napolitano



Anthrax Summary



March 2, 2006



Anthrax presents itself not only as a deadly infectious agent, but a reason to better understand signaling pathways and vesicle trafficking. Anthrax is made up of three unique toxins: protective antigen (PA), edema factor (EF), and lethal factor (LF). PA is involved with the trafficking of EF and LF into cells. Two receptors for PA have been found to date: human capillary morphogenesis protein 1 (human CMG-1, likely expressed in most tissues) and ATR/TEM 8, a tumor endothelial marker. PA binds as in its native form (PA83, 83 kD) and is then cleaved by a host’s furin-like protease on the cell surface releasing a PA20 kD fragment, leaving the a PA63 kD fragment attached. PA63 then spontaneously forms a heptameric prepore and can bind 3 molecules of EF or LF. The anthrax complex undergoes receptor-mediated, clathrin-dependent, endocytosis into an acidic vesicle. The reduced pH inside the vesicle allows the prepore to be converted into a transmembrane pore, allowing EF and LF to escape into the cytoplasm. New research shows that anthrax has been able to infect several different species because the initial PA protein (PA83) can be cleaved by various proprotein convertases (PCs) of the furin family even if the host does not have a furin protease.1 Even with a reduced amount of PA63 is available; a heptamer can form using 1 or 2 molecules of non-cleaved PA83 and still effectively carry EF or LF. 1 EF and LF both play separate roles in the pathogenesis of anthrax once free in the cytosol. EF is 2 a calmodulin- and Ca -dependent adenylate cyclase that increases the intracellular concentration of cyclic AMP (cAMP). Interestingly, it has a 1000-fold higher enzymatic rate than its mammalian equivalent. EF is not assumed to play a major role in the lethality of anthrax; however, it is believed to impair phagocyte function and has the potential to affect kinase activity given the number targets of cAMP intracellularly. LF is a zinc metalloprotease with the known substrate of the MAPKK (also known as the MEK or MKK) family. It cleaves the N-terminal end of MAPKK preventing MAPKK from then being able to phosphorylate the important signaling protein, MAPK, thus, halting a crucial signaling pathway. Anthrax is deadliest when infection occurs by means of inhalation. Anthrax spores, present in the lungs, are engulfed by alveolar macrophages where a small portion can germinate. The macrophages carry anthrax to the lymph nodes where the bacteria gain a systemic hold. Within a few days, the toxins reach a lethal concentration in the blood causing septic shock. Prophylactic antibiotic use in the treatment of anthrax is warranted if the risk is present since antibiotics are of little use once the bacteria have produced enough of the toxins.



1



While PA is unique in how it allows LF and EF to enter cells, the activity of LF is most intriguing once it has entered the cell by disrupting a key signaling pathway. Duesbery et al. were able to more specifically define and confirm the role of the LF toxin based on previous work in the field. Prior cancer research had uncovered a protein with similar characteristics to that of LF that was known to inhibit the MAPK pathway. The MAPK pathway was known to play a crucial role in egg maturation in Xenopus laevis. In vivo, maturation is stimulated by progesterone, which leads to the synthesis of the Mos protein, a kinase that then activates the MAPK pathway. Although Xenopus lacked a receptor to allow PA/LF to enter the eggs, direct injection of LF was found to inhibit maturation in half of the eggs studied. At the time, it was known that LF contains a zinc-binding site, which is commonly found in metalloproteases; and this site could be mutated in order to confirm its role in the process. When mutant LF, containing an amino acid change from glutamate 687 à cysteine 687, was injected, LF was not able to inhibit egg maturation. Duesbury et al. continued on prior research by first studying the amount of LF needed to inhibit germinal vesicle nuclear envelope breakdown, GVBD, a characteristic sign of maturation; and to confirm that there was not another factor present causing this effect. Several controls were used to avoid ambiguity. GVBD only occurred when treated with progesterone and addition of the buffer used did not affect the percentage of eggs that underwent GVBD. Adding as little as 10 ng of LF was found to inhibit half the eggs from undergoing GVBD. Adding 40 ng of LF was enough to completely prevent GVBD. Mutated E687C LF produced a ratio of eggs that underwent GVBD similar to that of buffer and progesterone alone. LF clearly had an effect on GVBD, yet it was not yet known where in the pathway it was involved. A second experiment began to place LF in the pathway. LF was already shown to act after progesterone in the pathway since it conveyed inhibition of GVBD. However, using a non-degradable form of cyclin B (a mitotic cyclin) resulted in all eggs undergoing GVBD even when the highest concentration (40 ng) of LF was injected. Therefore, cyclin B elicited an effect in the pathway after LF since it proved to be dominant. This second experiment also acted as a general control to assure that any EF present, which could have increased cAMP levels enough to affect kinase activity, was not responsible for the results. In order to further investigate the role of LF in vitro, wild-type and mutant LF (E687C) were compared in the presence of Mos, the protein kinase responsible for MAPK activation. SDS-PAGE allowed for MAPK to be differentiated from MAPK-PO4 (activated MAPK). After 1 hour, MAPK-PO4 was present in the case of Mos/mutant LF, but it did not appear even after 4 hours when wild-type LF was used. Another experiment demonstrated LF first functioned somewhere between 20 minutes and 1 hour. A mechanism for this was provided as well in these experiments: the N-terminal and C-terminal ends of MAPKK1 were included in the analyses. While mutant LF had no effect on the concentration of 2



these protein fragments, wild-type LF resulted in a decrease of N-terminal MAPKK1, further corroborating its suspected role as a metalloprotease. MBP phosphorylation was used in order to assay for MAPK activity with both mutant and wild-type LF. Activity was only present in the control (wt MAPKK1 alone) and MAPKK1 with mutant LF, not the wild-type. A comigration study was used to show that the same protein that caused the inhibition of MAPKK1 also was found to bind to PA63. The next step in confirming LF’s role as a metalloprotease was to find the region of MAPKK1 cleaved and prove that this cleavage inhibited the functionality of MAPKK1. This was analyzed by adding a His 6 tag to the N-terminal end of MAPKK1 in order to create a larger molecular weight difference between the cleaved and non-cleaved products. LF resulted in a decrease in molecular weight of 1-3 kD after correcting for the molecular weight of the His 6 tag. Therefore, it was believed that MAPKK1 was cleaved within the first 30 N-terminal amino acids. The cleavage of MAPKK1 appeared to be enzymatic since cleavage was present given a short amount of time and LF concentration (15 minutes and 2 ng of LF) implying that the LF was being recycled and not acting instead as a competitive or allosteric inhibitor. The research estimated that one molecule of LF was affecting 400 molecules of MAPKK1, leaving any mechanism other than enzymatic theoretically impossible. Deletion mutants of MAPKK1 were constructed and subjected to the presence or absence of LF. Two of the MAPKK1 mutants unable to be cleaved by LF had deletions in either the first 32 or 52 amino acids. Other deletions did not prevent LF from removing the N-terminal end with the His 6 tag. Sequencing of the N-terminal end of the larger remaining MAPKK1 fragment revealed that a sequence corresponding to amino acids 8 -16, implying the first 7 amino acids were missing. The given data suggested that MAPKK1 loses its first 7 N-terminal amino acids when cleaved by LF. This also implies a role for the first 7 amino acids in the functionality of the MAPKK1. A MAPKK1 deletion mutant missing only the first 7 amino acids was unable to be cleaved by LF. Assaying for MAPKK1 activity again by MBP phosphorylation demonstrated that this MAPKK1 mutant lost its function as well narrowing MAPKK1 activity and cleavage by LF to the same location on the protein. Analysis of the region cleaved found a tentative cleaving sequence to be “three positively charged residues followed by two prolines that are separated by one or two amino acids”. This hypothesis was substantiated by discovery that two MAPKK1 mutants (proline 5 to alanine and proline 7 to alanine) were unable to be cleaved by LF. Duesbury et al. had not only taken the suspected role of LF and confirmed it, but were able to successfully to define its role on its most molecular level. Chopra et al. found another crucial domain in MAPKKs (also referred to as MEKs) for cleavage by LF. The researchers titled this region the LFIR (LF interacting region) and discovered it by the use of deletion mutants as seen before. This region is found to also serve as the site for B-Raf-mediated phosphorylation implying more than one role. LF decreased MEK1 phosphorylation of ERK2 through a 3



reduction in the ability of MEK1 to bind ERK2 as well as by reducing the intrinsic activity of MEK1. Although further study of the exact mechanism in which LF affects intrinsic MEK kinase activity is warranted, it is suggested that the N-terminal and C-terminal regions found thus far could be involved in some form of long range interaction. This is supported by evidence that long term exposure to LF decreases the protein stability of MEKs, possibly due to the loss of the N-terminal region, which would no longer be free to interact with the LFIR. Anthrax is unique in that it kills macrophages through an apoptotic mechanism. Park et al. illustrated that this occurs in macrophages through inhibition of p38 MAP kinase. Macrophages are not constitutively active and lack transcription factor, nc-kB, but can be activated by when exposed to lipopolysaccharides (LPS, found in Gram-negative bacteria) or lipoteichoic acids (LTA, found in Grampositive bacteria). Treatment with LPS was found to activate several proteins, such as ERK, JKN, and p38 MAPK. Only the specific p38 inhibitor, SB202190, was found to induce apoptosis in a similar fashion to LF. p38 MAPK was crucial in avoiding apoptosis because even when mutant forms of MAPKK3 and MAPKK6 resistant to LF cleavage were used, the p38 inhibitor still was dominant in eliciting apoptosis. α-defensins are small cationic peptides made of only 29-35 amino acids secreted by neutrophils that have been shown to inhibit the deadly effect of LF. Human neutrophil protein 1 (HNP-1) is one of the four subtypes of α-defensins; and, in vivo, it is known for its native antimicrobial effects, able to combat bacteria, viruses, and fungi alike. HNP-1 was found by Kim et al. to prevent the cleavage of MAPKK by LF. In murine macrophages, the level of HNP-1 needed was well below the concentration at which it even displays its antimicrobial effects. The research showed that the protection conveyed by HNP-1 lasted more 24 hours and functioned at physiologic concentrations of HNP-1. Therapeutically, it was able to protect mice (injected with 500 micrograms of HNP 1-3) exposed to anthrax lethal toxin. HNP-1 elicited its effect intracellularly because washing off excess HNP-1 following pre-treatment did not affect the initial results. Kinetic studies revealed that HNP-1 was specifically affecting the catalytic activity of LF by operating as a reversible noncompetitive inhibitor. The three disulfide bonds found in HNP 1-3 are crucial for inhibition; and it is believed that these may aid in bringing about a conformational change in LF affecting its protease activity, although not at the active site. Researchers are still currently looking for proteins involved in the endocytosis of the anthrax toxins. Lu et al. invoked a novel method of obtaining loss of function mutants in discovering ARAP3, a phosphoinositide-binding protein involved in vesicle trafficking. The group employed Expressed Sequence Tag (EST)-mRNAs, normally used in gene mapping, for gene inactivation by delivering them in a plasmid inserted into a lentivirus. Three clones resistant to PA were found, but only one was found to be uniquely resistant to anthrax and not the diphtheria toxin, implying it lacked a protein involved 4



specifically in the trafficking of PA. When the EST effectively reduced the level of ARAP3 expressed by 60%, a 2-fold increase in resistance to lethal toxin was conferred. The effect was found not to be mediated by a change in the initial binding of PA since one half of all PA remained attached to the cellular surface. Therefore, absence of functional ARAP3 is more likely to confer resistance because of its regulation of Arf (ADP ribosylation factor) proteins, which are known to be involved in endocytosis.
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Chekanoc et al., Both PA63 and PA83 are endocytosed within an anthrax protective antigen mixed heptamer: A putative mechanism to overcome a furin deficiency, Archives of Biochemistry and Biophysics Volume 446, Issue 1 , 1 February 2006, Pages 52-59
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