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Abstract

Abstract

Heat stress is one type of abiotic stress, which caused by high environmental
temperature beyond optimum. Heat stress could disturb the cellular homeostasis of
organisms, leading to sever stagnation in growth, development, and even death. As the
global climate getting warmer, heat stress becomes the main cause for the great
reduction in agriculture and breeding. In this dissertation, we investigate the injuries
caused by heat stress in the mushroom Agaricus bisporus, as well as the innate heat
stress response and resistance mechanisms. Additionally, we investigate how to breed
thermotolerant mushroom strain with molecular biology and genetic engineering.

Agaricus bisporus is a kind of edible mushroom with high ecological and
economical values. Environmental temperature is the key restriction factor in its
cultivation. Breeding a thermotolerant strain will eventually benefit its yield. A.
bisporus 8213 is a common cultivated strain that could only be cultivated under
16-22°C, while its phylogenetically closest strain 02 exhibited evident
thermotolerance with healthy mycelium morphology above 33°C, such temperature
would be lethal for the strain 8213. To elucidate the thermotolerance mechanism of
the strain 02, we compared their differences by integrative transcriptomic and
proteomic approaches. A total of 197 differential expression sequence tags (ESTs)
were identified to be involved in different cellular and metabolic processes including
nucleotide metabolism and recovery, protein turnover, signal transduction and energy
metabolism. Among them, the upregulation of the most evident ESTs coincided with
the upregulation of their proteins counterparts, suggesting that the transcriptional
regulatory mechanism played essential roles. Based on our results, we propose a novel
heat stress responsive network in A. bisporus. In this network, high temperature
stimulates NADPH oxidase-dependent ROS and para-aminobenzoic acid (PABA)
synthase-dependent PABA generations, which subsequently triggers the downstream
MAPK cascades and defense responses, meanwhile, DNA and protein recoveries are

also involved. Such network not only complements our understanding of the
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Abstract

thermotolerant mechanisms and related signalings in higher fungi, but also provides a
clear guideline for further functional studies.

Based on the temporal-spatial transcriptional analysis, we cloned 15 typical
thermotolerant-related genes and obtained their ORF sequences. The reverse genetics
results showed that the overexpression of 4 genes in stain 8213 greatly improve its
thermotolerance. They were PABA synthase gene (Pab), peptidyl-proline isomerase
(Ppi), Hydrophobin (Hpb) and Calnexin gene. On the other hand, the knockdown of
Hpb in thermotolerant strain 02 impaired its innate thermotolerance. It should be also
noted that the transgenic overexpression of Pab, Ppi, Hpb and a kind of
immunomodulatory protein greatly enhanced the baseline thermotolerance of
Arabidopsis seedlings.

Further, we investigated the thermotolerance-improving mechanisms of
mushroom-derived PABA synthase (AbPabase) in Arabidopsis. In phenotype,
exogenous PABA feeding (1-5 umol/L) directly improved the thermotolerance of wild
type Arabidopsis seedlings; the 35S:AbPabase transgenic over-expressed lines also
showed high thermotolerance than wild type. Further, we found out that heat stress
can induce H,O, generation in Arabidopsis and that the basal H,O, level was higher in
the 35S:AbPabase transgenic lines. Moreover, we found that the HSPs were obviously
upregulated in Arabidopsis seedlings either by transgenic endogenous overexpression
of AbPabase or by exogenous PABA feeding. Taken together, we propose a novel
thermotolerance-related signaling ‘PABA-H,0,-Peroxide signaling-HSPs expression-
Thermotolerance’ in basidiomycetes and plants, during which PABA as a signal
molecule mediates the H,O, accumulation, which, in turn, activates the peroxide
perceived signal transduction, further up regulates the expression of HSPs and many
kinds of thermotolerant genes and improves the thermotolerance of organisms finally.
The discovery of this pathway not only improves our concept of thermotolerance

signaling transduction, but also is a strong support and supplement for SA signaling.

Keywords: Heat stress, Thermotolerance, Agricus bisporus, Suppression Subtractive
Hybridization (SSH), Hydrophobin, PABA synthase
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