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Chromosomal localization of genes encoding small
heat shock proteins HSPB) in cattle and sheep

Chromosomowa lokalizacja genow koglyjch mate biatka
szoku cieplnegoHSPB u bydta i owiec

Summary. The small heat shock protein gene produdSRB reveal chaperone and neuroprotec-
tive activity contributing to the stabilization e&ll homeostasis and cytoskeleton of neurons in
conditions of thermal or oxidative stress. The aiithis study was chromosomal localization of
five small heat shock protein gené$spB1, HspB2, CRYAB alternative nhaméispB5, HspB6
andHspB§ in cattle and sheep, with an application of FIikhnique with the probes obtained
from BAC clones (derived from the CHORI-240 Bovine BAC raity) containing sequences of
these genes. Prior to in situ hybridization, carreit on metaphase chromosomes stained by
means of DAPI bands technique, the presence oftidied genes in the selected clones was
confirmed by PCR method with the use of the geneifipgrrimers. As a result of the experi-
ments, FISH signals in the following cattle (BTA)dasheep (OAR) genome regions were obtain-
ed: BTA25022/0AR24g22 HSPBJ), BTA15q14-21/0AR15q14-21 HSPB2 and CRYAB,
BTA180q24/0AR14q24 HSPB§, BTA17q24-25/0AR17q24-25HSPB§. The studies enabled to
designate physical localization of the studied gesrethe genome maps of these species and confir-
med the high level of autosome conservation in @a¥i The results obtained may provide useful
information concerning the genetic background ofradegenerative diseases in breeding animals.

Key words: cattle and sheep chromosomes, FISH techniquegewetic mapping, small heat
shock proteins HSPB neurodegenerative disorders
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INTRODUCTION

Small heat shock proteinsi$PB comprise conserved family of molecular chaper-
ones displaying different activities in suppressigtein aggregation. HSPB are found
in most organisms where they are induced uponsstied are involved in protecting
cells from various unfavorable conditions. TRSPB family includes ten members
(HSPB1 — HSPBJiverse in size, in sequence and in the N- andr@inal regions but
sharing similar structural and functional chardst&s [Acunzoet al 2012]. Their abil-
ity of interacting with multitude of proteins aceduor involvement in as various proc-
esses as cell protection from oxidative stressptysis and proteolysis, proliferation,
cell motility and muscle contraction [Wettsted al 2012, Arrigo 2013]. Moreover,
mutations oHSPBare often associated with severe neurodegeneisoeders (includ-
ing transmissible spongiform encephalopathies —sjSmByopathies or motor neuropa-
thies, while their tissue-specific overexpressisrtlosely linked to cardiovascular dis-
eases and cancer [Arrigo 2012, Boncoragtial. 2012].

Recently, soméoci modulating resistance/susceptibility to prion dsssa(other than
PRNP — prion protein locQshave been identified in cattle and sheep genofea-
cretely, several QTL influencing BSE and scrapieubation period have been reported
on bovine (BTA5, BTA6, BTA10, BTA13, BTA17, BTA1BTA20, BTAX) and ovine
(OAR6, OAR18) chromosomes [Hernandez-Sanadesl 2002, Zhanget al 2004,
Morenoet al. 2008, 2010]. Therefore, FISH-based chromosonsagasent of theHSP
genes in these species is assumed to be a goot tioleintify new QTL associated with
resistance/susceptibility for TSEs in domestic Hewand verify their genome assemblies
[Lewin et al. 2009, De Lorenztt al. 2010, Huet al 2013].

The aim of the presented study was chromosomajrassint of theHSPB1 HSPB2
CRYAB (HSPB5HSPB6andHSPB8small heat shock protein genes, due to their puta-
tive involvement in prion diseases developmentittie and sheep.

MATERIAL AND METHODS

Cytogenetic preparation and chromosome identificatin

Cattle and sheep lymphocytes were cultured andetteaith BrdU (10 pg/ml) and
H33258 (20 pg/ml) (Sigma) 6 h before harvestinglitain, counterstained by DAPI,
late-replicating banded chromosome preparationd=f8H detection (according to the
protocol reported by lannuzzi and Di Berardino)nfiezzi and Di Berardino 2008].
Chromosome identification followed the standardleand sheep karyotypes and ideo-
grams, according to the international chromosommemzlature for domestic bovids
ISCANDB 2000 [Di Berardinet al 2001].

Probe preparation and fluorescence in situ hybridiation (FISH)

The bovine BAC clones overlappittSPB1 HSPB2 CRYAB (HSPB5HSPB6and
HSPB8 genes, as indicated in Table 1, were screened dtabdse searching
(http://www.nchbi.nim.nih.gov/clone; http://www.chi@rg/bacpac/bovine240.htm) and
obtained from CHORI-240 Bovine BAC Library (BACPACResources)
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(http://bacpac.chori.org/libraries.php). It was possible to select separate BAC clones
for the HspB2and CRYAB(HSPBY genes (http://www.ncbi.nim.nih.gov/gene/508671;
http://mww.ncbi.nim.nih.gov/gene/281719), due teithadjacent location in the bovine
genome, thus the clone containing sequences of thetlyenes (CH240-134C10) was
used. Each selected clone was verified to conterstudied gene with PCR amplifica-
tion using specific primers, which are displayedlable 1. The BAC DNA, extracted
according to the alkaline lysis miniprep protocQidgen), was labelled with biotin-16-
dUTP by standard nick translation kit (Roche) apgli@ad as the probes in the FISH
experiments on cattle and sheep chromosomes. edbglbbes with an excess of bovine
competitor DNA were denatured for 5 min at 75°@gmealed for 15 min at 37°C, and
applied onto chromosome preparations, denaturedousy in formamide for 1 min at
70°C. Hybridizations were carried out overnight ¢opthree days in cross-species ex-
periments) at 37°C. After detection step with tke of FITC-avidin (fluorescein isothio-
cyanate-avidin) (Vector Laboratories) and anti-avidntibodies (Sigma), slides were
counterstained with DAPI (4,6-diamidino-2-phenyiite) solution (0.24 pg/ml) in Anti-
fade (Vector Laboratories) to obtain DAPI-bandedoaimsomes (with patterns corre-
sponding to the Q bands). Slides were analyzedxin Anager.D2 (Zeiss) fluorescence
microscope equipped with Axio Vision computer-aggsildmage analysis system.

Table 1. PCR protocol verifying presence of it@PBgenes in BAC clones
Tabela 1. Protokot reakcji PCR weryfilgagj obecné¢ gendwHSPBw klonach BAC

PCR
GenBank - duct si
Gene | BAC clone| Accession numer 5 3;?r|mers T pro gc Size f gene t
Gen | Klon BAC | Numer akcesyjn (53’ sequences) oa (bp) ragmen
GenBank startery (°c) | dt produktu | fragment
sekwencje 5'-3) (p2) enu
( ] p g
CH240- ggctacatttccegttgctt »
HSPB1 362H14 CR850362 ggtctttacttgtitceggct 57 229 exon 2—3
CH240- attgtgttggggcacctcg
HSPB2 134C10 CR455443 ggtaaagtggctcacgteea 58 294 exon 2
CH240- cgccccacactcacctaac A
CRYAB 134C10 BI1680522 gegetcticatgtttgecat 58 344 exon 1-3
Hspee | CH240- | cpgiaqgs | Clo90alglgcCigaacct| oo 501 exon 2—3
422N21 agggtagggtcagaaaaggag
Hsps | CH240- | proppeqg | Clicgtogctggagigiett | gq 336 exon 1
279N2 ccaagaggcagtcaagtcgt

RESULTS

The FISH experiments allowed for the precise assegrt of all BAC clones over-
lapping sequences o five small heat shock proteimeg —-HSPB1 HSPB2 CRYAB
(HSPBY, HSPB6and HSPB8to the homologous cattle (BTA) and sheep (OAR)ehr
mosomes and chromosome regions, as shown on Figuaed displayed in Table 2.
FITC signals, which were observed generally as oapots on both metaphase chro-
mosomes and chromatids, had been occurred withudrery of 68—77% in cattle and
55-62% in sheep.
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Fig. 1. Cytogenetic localization of thtSPBgenes on chromosomes of cattle (BTA) (A-D)
and sheep (OAR) (E—H)
Rys. 1. Cytogenetyczna lokalizacja gend®&PBna chromosomach bydta (BTA) (A-D)
i owiec (OAR) (E-H)
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Table 2. Cytogenetic localization of the studi#8PBgenes in the genomes of cattle (BTA)
and sheep (OAR) and functions of encoded proteins
Tabela 2. Cytogenetyczna lokalizacja badanych ged®®Bw genomach bydta (BTA)
i owiec (OAR) oraz funkcje kodowanych biatek

Cytogenetic localization

Gene symbagl Gene name Protein_ fun_ction Cytogenetyczna lokalizacja
Symbol geny Nazwa genu Funkcja biatka BTA OAR
HSPB2 heat shock 27kDgstress response, 15q14-21 | 15q14-21

protein 2 somatic muscle development

anti-apoptosis,

muscle organ development,

response to heat,

negative regulation of intracellular

CRYAB |crystallin, alpha Btransport, 15q14-21 | 15ql14-21

camera-type eye development,

structural constituent of eye lens,

protein homooligomerization activity.

unfolded protein binding

stress response,

protein homodimerization activity, 1824 14924

structural constituent of eye lens

stress response,

Hsppg | Neat shock 22kDey o one activity, 17q24-25 | 17q24-25

protein 8 ; . AT

identical protein binding

heat shock protei
beta-6

>

HSPB6

DISCUSSION

In this study we present FISH-based chromosomadirasent of fiveHSPBgenes
(HSPB1, HSPB2, CRYABISPBY, HSPB6, HSPBBin cattle 25922, 15q14-21, 18g24,
17924-25 and sheep 24922, 15q14-21, 14924, 17q2kA6me regions. ThdSPB2
and CRYAB(HSPBSY loci (located at the distance of 1.035 kb in cattle @82 kb in
sheep) were mapped to the homologous bovine ame @firomosomes and chromoso-
me bands, extending the cytogenetic maps of thautésome of the studied species.
Likewise in humans, these two neighboring genemfmsed of the two and three exons,
respectively) are localized in the same genomeoregnd arranged in a head-to-head
manner with an inter-genic sequence of less th&b,Iraising a possibility of shared
regulatory elements for their expression [Iwekal 1997].

It is noteworthy, that presented in this study dsispositions of HSPB loci are in
agreement with the corresponding human locations GNA8)
(http://iww.genenames.org), taking into account twenparative painting, radiation
hybrid or marker mapping data between bovids andmams (BOVMAP
(http://dga.jouy.inra.fr/cgi-bin/lgbc/main.pl?BASEfChowdharyet al. 1996, Everts-van
der Windet al. 2004, Itochet al 2005, Darlymplest al 2007, Goldammeet al. 2009,
Schibleret al. 2009]. In general, all these five HSPB genes acated in homologous
chromosomes and chromosome bands, confirming tirgfisant degree of autosome
homologies among cattle and sheep which are veseby related to each other from the
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evolutionary point of view [lannuzat al 2009]. Furthermore, the chromosomal assign-
ments of the studied genes are in accordance @gtlits of our earlier provisional compara-
tive mapping of théiSPBloci in domestic bovids [Danielak-Czeehal 2014a, 2014b].

On the whole, the study performed may help to datei the role cHSPBgenes in
the development of neurodegenerative disordermedtic bovids and other livestock
species. Such an approach appears to be justifigieoground that a huge amount of
data demonstrates neuroprotective role of endogeerpressed or stress-indud¢¢8PB
(HSPB1, CRYAB)n infectious protein deposit diseases (with patéc emphasis on
prion diseases) in humans, rodents and domestidb§lortosaet al 2008, Vidalet al
2009, Brownellet al 2012, Arrigo 2013]. In addition, some heat shgcktein loci
(among thenHSPB have been defined as a putative positional octfanal candidate
genes influencing polygenic response to prion disedSerran@t al 2011, Baeet al.
2012]. The four members of the heat shock proteinegfamiliesHSP9Q HSP70and
HSPBhave been chosen for their functions as chaperangéspoptosis modulators, as
well as their possible protective effect against stress-related infectious protein aggre-
gation and neuronal degeneration in prion disefSawiris et al. 2007, Serranet al.
2011, Brownellet al 2012, Browret al. 2014]. Structural and functional analysis of the
inducible formHSP90AAlgene and distribution of polymorphisms among sheiip
different responses to scrapie revealed variahititthe HSP90OAA15’ flanking region,
associated with scrapie incubation period [Marcase@villaet al 2008, 2010]. The
subsequent studies displayed negative correlatdwe®n prion protein deposition and
the expression dfiSP9Q HSP73andHSPB1genes, suggesting that high levelH3P
gene expression are associated to the preventidegmadation of prion protein aggre-
gates and the presence of reactive astrocytosiatural scrapie [Serrangt al 2011].
The above mentioned experiments confirmed previimasngs, which had been proved
that HSPB1lgene expression level contribute to the developmérhe prion protein
deposits and morphological lesions such as sposgarsgliosis of classical scrapie in
sheep [Vidalet al 2009]. The similar studies showed increasi&PBlexpression as a
stress response of the central nervous systeminuse model of BSE [Tortost al
2008]. Generally, it should be stressed that rebean the small heat shock protein
genes has been to a large degree limited to pandgauropathies in humans and there is
rather no evidence whether mutations of these geamsaffect TSE development in
domestic bovids [Browne#t al 2012].

CONCLUSIONS

The experiments carried out indicated that FISH pivapis still useful to validate
the data on physical gene location and imp®eeidaegenome assemblies.

The reported chromosomal localizations of the simedlt shock protein genes may
be a basis for identifying new QTL associated wétsponse for TSE iBovidaespecies.

The presented study adds further information toctitegenetic maps of bovids and
precisely assignglSPBIloci related to prion disease development in cattle strekp,
which are the major domestic bovid species of geeahomic importance.
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StreszczenieProdukty gendw matych biatek szoku cieplned&PB)wykazup aktywna¢ chape-
ronowy i neuroprotekcyja, przyczyniagc si do stabilizacji rownowagi komérkowej i cytoszkiele
tu neuronéw w warunkach stresu oksydacyjnego lamieznego. Celem badabyta chromoso-
mowa lokalizacja giciu genéw matych biatek szoku cieplnedtspBl HspB2 CRYAB -alterna-
tywna nazwaHspB5 HspB6 i HspB§ u bydla i owiec, przy zastosowaniu techniki FISH
z sondami uzyskanymi z klonéw BAC (pochadgch z biblioteki genomowej CHORI-240 Bovi-
ne BAC Library) zawieracych sekwencje tych genoéw. Przed hybrydyzagjsitu, przeprowa-
dzom na chromosomach metafazowych barwionych teehpigzkéw DAPI, potwierdzono obec-
nos¢ badanych genéw w wyselekcjonowanych klonach mef@R z wykorzystaniem genowo
specyficznych starterow. W wyniku przeprowadzongssperymentéw uzyskano sygnaty FISH
w nastpujagcych regionach chromosomoéw bydta (BTA) i owiec (OABJA25q22/0AR24g22
(HSPBJ, BTA15914-21/0AR15g14-21IHSPB2andCRYAB, BTA18q24/0AR14q24HSPBg,
BTA17q24-25/0AR17q24-25 HSPB8) Badania umdiwity okreslenie fizycznej lokalizaciji
badanych genéw na mapach genomowych tych gatunk@iwierdzity wysoki poziom konserwa-
tyzmu autosomow Bovidae Uzyskane wyniki mog dostarczy przydanych informacji dotygz
cych genetycznego podia chorob neurodegeneracyjnych u zwietmdowlanych.

Stowa kluczowe:chromosomy bydta i owiec, technika FISH, mapowarygenetyczne, mate
biatka szoku cieplnego HSPB zaburzenia neurodegeneracyjne



