De novo elucidation of cis-regulatory elements in the heat shock response of Cryptosporidium parvum.
Introduction.

An opportunistic, AIDS-critical pathogen, Cryptosporidium parvum has emerged in recent years as one of the most concerning infectious disease threats worldwide, according to the US Center for Disease Control and Prevention (CDC). Cryptosporidium species are found on every populated continent and have diversified to infect a range of [ ] known vertebrate hosts, including [ ] species in humans.  Of the latter category, two species constitute the majority of known cases of Cryptosporidiosis in humans, Cryptosporidium parvum and C. hominis. 

As the etiological agent of Cryptosporidiosis, Cryptosporidium infection yields symptoms largely indistinguishable from other enteric pathogens; diarrhea, fever, nausea and abdominal cramps.  Although the disease is typically self-limiting in healthy individuals, complications may lead to death in immunocompromised patients, such as the very young, the very old, those on immunosuppressant drugs and AIDS/HIV patients.  There is also strong evidence linking Cryptosporidiosis to mental retardation in children.  

With respect to natural history, Cryptosporidium completes its life cycle within a single host and is transmitted between hosts via the fecal-oral route.  From a non-infective, highly resilient oocyst phase, the parasite undergoes excystation, from which sporozoites emerge and colonize the surface of host epithelial cells, here undergoing the transition to trophozoite phase.  Mature trophozoites progress either to an asexual or sexual meront phase, which remain in the epithelium to recolonize new cells or differentiate into male and female gametes, respectively.  Gametes, in turn, unite to form a zygote, which develops into a highly protected oocyst and is ready to leave the host.

The parasite itself is remarkably robust, resisting most standard chemical and physical treatments, including chlorine and traditional filters.  This natural resilience, coupled with a tendency towards misdiagnosis – the symptoms of Cryptosporidiosis are not easily differentiated from many other enteric diseases – presents a particular challenge in terms of disease containment and treatment.  No vaccine currently exists for Cryptosporidiosis, nor is it easily contained should an outbreak occur.  For these reasons, a renewed effort has arisen in the last few decades to locate a genetic target for which a vaccine might be designed.

Their genomes recently sequenced, Cryptosporidium hominis and C. parvum lend themselves well to bioinformatics-based characterization as a point of departure in our study of the organisms.  This strategy is encouraged by the difficulty of growing the organism in vitro, putting “wet lab” projects at a premium more appropriate for confirmative experiments than explorative ones.  In terms of identifying potential gene targets for future vaccines or therapies, the elucidation of cis-acting regulatory elements represents a special interest for genomic researchers.  Although these elements have traditionally been identified experimentally de novo, this method of discovery would be time-consuming, expensive, labor-intensive, and impractical in Cryptosporidium.  Using bioinformatics-based algorithms to identify statistically over-represented sequences common to coregulated genes in a set provides putative regulatory motifs, for which corroborating evidence may be provided experimentally.

We are interested in the regulatory response of Cryptosporidium to stresses in its environment, with special emphasis on the heat shock response.  Heat shock has long been characterized as one of the most universal metabolic processes and has been observed in virtually all living organisms, from bacteria to humans.  Heat Shock Proteins (HSPs), proteins whose production is amplified when the organism is exposed to elevated temperatures, have been implicated in the immunological response of host to parasite, as well as of the parasite to the host immune system.  Given this relationship, it makes sense to study heat shock within the context of host-pathogen interactions.  In an additional capacity, heat shock gene products act as molecular chaperones in the folding and assemblage of other proteins.  It is believed that this chaperone role is connected in some way to the sensing of external heat stresses through the presence of denatured or damaged proteins. 

In our investigation, we performed a search of NCBI and CryptoDB databases for annotated Cryptosporidium heat shock genes, cross checking for homology in genes of related organisms.  From these genes, the upstream regions were recovered and these sequences were run through the Gibbs-Sampling algorithm, AlignACE to identify novel regulatory motifs.  As a confirmative measure, Cryptosporidium parvum sporozoites were challenged with heat shock conditions and RNA extracted to quantify the expression of the HSP genes by Real-Time Quantitative RT-PCR. 

In studying the the heat shock response in Cryptosporidium parvum, we have identified a novel regulatory motif that may prove to be necessary in the expression of heat shock proteins and provide a potential exploitable gene target.

Methods.

Excystation of Oocysts to Sporozoites

C. parvum oocysts used in this study were purchased from [company], where they were cultured in [piglets?] for [number of days] under [conditions].  Oocysts were centrifuged twice and washed with Hanks’ solution before being transferred to a solution of NaTC (0.75[units] in PBS/Hanks’) for 30 minutes at 37ºC.  Oocysts were frozen and thawed [number of times] to break the protective covering.  Emerged sporozoites were separated by filtration in a solution of bile and salts for 3 minutes at 37ºC.

Heat Shock Experiments

C. parvum sporozoites were placed in a hot water bath of 24, 37 and 42ºC for 30 and 60 minutes each, for a total of six experiments.

RNA Extraction

Real-Time Quantitative RT-PCR

Bioinformatics

The C. hominis genome was downloaded in its entirety from the CryptoDB database (www.cryptodb.org) and the gene descriptions were queried for the terms “heat,” “shock” and/or “hsp.”  From this resultant list of genes, cuts were made to eliminate false positives not related to heat shock – such as the HEAT repeat domains – or genes with very low homologies to known heat shock genes in other organisms (Plasmodium  falciparum, Toxoplasma gondii, Arabidopsis thaliana, Caenorhabditis elegans).  This set of C. hominis heat shock genes was then blasted against the C. parvum genome to find orthologous genes.  The upstream regions were recovered from the NCBI nr database, using the entire intergenic region in all cases, the lengths of which ranged from 141 to 1756bp.


Upstream sequences of C. parvum heat shock genes were then analyzed using the Gibbs-Sampler, AlignACE (Church, et al), where parameters were set to 10 aligned columns, 10 expected sites and GC%=0.27 (that is, the GC content of all intergenic regions for Cryptosporidium [double check this].   As there is a certain stochastic element to the algorithm, AlignACE was run multiple times so as not to exclude potential high-scoring motifs (Sheth & Cohn, unpublished).  The same upstream sequences were analyzed using another Gibbs-Sampler, MEME, with the intent of converging upon a biologically relevant motif by way of multiple algorithms.

Table 1.

	C.parvum ID
	Chrom.
	C. parvum description
	Direction
	Intergenic Region (bp)
	C.hominis ID
	E-value
	C. hominis desc

	cgd2_20
	2
	heat shock 70 (HSP70) protein
	+
	1756
	Chro.20010
	0
	heat shock protein

	cgd2_1800
	2
	heat shock 40 kDa protein, putative
	-
	-361
	Chro.20195
	1E-158
	heat shock 40 kDa protein

	cgd2_3230
	2
	heat shock protein DnaJ Pfj2, putative
	+
	1011
	Chro.20339
	0
	heat shock protein DnaJ Pfj2

	cgd2_3330
	2
	APG-1 like HSP70 domain containing protein, signal peptide plus likely ER retention motif
	-
	-820
	Chro.20349
	0
	HSP protein

	cgd3_3440
	3
	heat shock protein HSP70, mitochondrial
	-
	-661
	Chro.30389
	0
	dnaK-type molecular chaperone hsp70, organellar

	cgd3_3770
	4
	Hsp90
	+
	1099
	Chro.30427
	0
	heat shock protein 83

	cgd4_3270
	6
	heat shock 105kD; heat shock 105kD alpha; heat shock 105kD beta; heat shock 105kDa protein 1
	+
	1176
	Chro.40370
	0
	heat shock 105kD; heat shock 105kD alpha; heat shock 105kD beta; heat shock 105kDa protein 1

	cgd6_1090
	6
	DnaJ(hsp40)'DnaJ(hsp40)'
	-
	-630
	Chro.60141
	0
	heat shock protein 40-like

	cgd6_2650
	6
	heat shock protein, putative
	-
	-141
	Chro.60306
	6E-111
	heat shock related protein

	cgd6_4970
	6
	Hsp60; GroEL-like chaperone (ATpase), predicted mitochondrial
	-
	-151
	Chro.60573
	0
	Hsp60

	cgd7_360
	7
	heat shock protein, Hsp70
	+
	1254
	Chro.70049
	3E-33
	heat shock protein 70 precursor

	cgd7_3670
	7
	heat shock protein 90 (Hsp90), signal peptide plus ER retention motif
	+
	218
	Chro.70410
	0
	heat shock protein 90
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