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Abstract

Molecular chaperone Hsp104, also known as heat shock protein in yeast Saccharomyces cerevisiae, plays an
essential role in thermotorelance response enabling yeast cell survival at high temperature. Hsp104 mediates the
misfolding and the aggregation of denatured proteins to refold to their native forms. In addition, it has also reported
that Hsp104 protein is required to maintain and propagate the prion state within yeast cells. A prion is an unusual
form of protein or misfolded protein and prone to aggregate as large protein polymers. Yeast prion can be transmitted
from cell to cell like prions found in humans but does not cause disease. Several studies have revealed that Hsp104
is involved in yeast [PSI'] prion propagation by dissolving prion polymer into the smaller molecules needed to generate
a new round of propagation via the same mechanism of Hsp104 in promoting proteins refolding. Interestingly,
over-expression of Hsp104, results in elimination of the [PSI'] prion from yeast cells but the mechanism remains
unclear. Therefore, it is necessary to gain insight into the mechanism of how elevated Hsp104 induces [PS/'] loss.
Furthermore, this information might lead to further treatment of human neurodegenerative diseases caused by misfolding

and accumulation of abnormal proteins in the brain.
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Table 1 The major families of yeast molecular chaperones, co-chaperones and their cellular functions’.

Chaperone family Name Function
Hsp70 Ssal-4 Precursor protein translocation and protein folding
Ssb1-2 Ribosome-bound to nascent chains
Ssci Translocation of precursor proteins
Ssd1 Translocation of precursor proteins
Sse 1-2 Cooperate with Ssa and Ssb proteins
Small Hsp Hsp12 Stress inducible, membrane associated
Hsp26 Bind and stabilise unfolded protein for refolding
Hsp42 Bind and stabilise unfolded protein for refolding
Hsp100/Clp Hsp104 Disruption of aggregated proteins
Cooperate with Hsp70 and Hsp40
Hsp40 Ydj1 Cooperate with Hsp70 to stimulate ATPase activity
Sis1 Cooperate with Hsp70 to stimulate ATPase activity
Hsp90 Hsp82 Assist protein folding, stabilise misfolded protein and mediate the ubiqui-
tin—proteasome system
Hsc82 Assist protein folding, stabilise misfolded protein and mediate the ubiqui-

tin—proteasome system
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1 MNDQTQFTER ALTILTLAQK LASDHQHPQL QPIHILAAFI ETPEDGSVPY
51 LONLIEKGRY DYDLFKKVVN RNLVRIPQQQ PAPAEITPSY ALGKVLQDAA
101 KIQKQQKDSF IAQDHILFAIL FNDSSIQQIF KEAQVDIEAI KQQALELRGN
151 TRIDSRGADT NTPLEYLSKY AIDMTEQARQ GKLDPVIGRE EEIRSTIRVL
201 ARRIKSNPCL IGEPGIGKTA IIEGVAQRII DDDVPTILQG AKLFSLDLAA
251 LTAGAKYKGD FEERFKGVLK EIEESKTLIV LFIDEIHMLM GNGKDDAANI
301 LKPALSRGQL KVIGATTNNE YRSIVEKDGA FERRFQKIEV AEPSVRQTVA
351 ILRGLQPKYE IHHGVRILDS ALVTAAQLAK RYLPYRRLPD SALDLVDISC
401 AGVAVARDSK P
451
501 ONV VDSDTISETA
551 ARLTG
601
651
701 AEFINSQQGS KIQESTKNLV
751 MGAVRQHFRP EFLNRISSIV IFNKLSRKAI HKIVDIRLKE IEERFEQNDK
801 HYKLNLTQEA KDFLAKYGYS DDMGARPLNR LIQNEILNKL ALRILKNEIK
851 DKETVNVVLK KGKSRDENVP EEAEECLEVL PNHEATIGAD TLGDDDNEDS
901 MEIDDDLD*

NBD2
1 165 411 538 555 730 908

Figure 1 Amino acid sequences and domain organisation of S. cerevisiae Hsp104 protein. Hsp104 is composed of

two conserved nucleotide binding domains (NBDs); NBD1 (blue), NBD2 (yellow), N-terminal domain (brown),

10,13

middle region (pink) and C-terminal domain (grey) (YLLO26W from http://www.yeastgenome.org)

Table 2 Conserved motifs and residues in ClpB proteins and locations in Hsp104'®.

Motif NBD Conserved residues Position
Walker A 1 Gly-Glu-Pro-Gly-lle-Gly-Lys-Thr 212-219
2 Gly-Leu-Ser-Gly-Ser-Gly-Lys-Thr 614-621
Walker B 1 Val-Leu-Phe-lle-Asp-Glu-Val 280-285
2 Val-Leu-Leu-Phe-Asp-Glu-Val 682-687
Sensor 1 1 Thr 317
2 Asn 728
Sensor 2 2 Gly-Ala-Arg 824-826
Arginine finger 1 Arg-Arg 333-334
2 Arg-lle 765-766
Diaphragm loop 1 Lys-Tyr-Lys-Gly 256-259

2 Gly-Tyr-Val-Gly 661-664
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Figure 2 The substrate threading model for protein
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Figure 4 Structure of S. cerevisiae Sup35 and amino acid sequences. N, M and C refer to the N-terminal (orange),
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GTP binding sites of the C region (YDR172W from http://www.yeastgenome.org and http://www.uniprot.
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Figure 5 Two proposed models of Sup35 prion propagation and the model of Hsp104 function inhibited by GdnHCI
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Figure 6 Proposed model of Hsp104 cooperation with the Hsp70/40 system in propagating yeast prions
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