Albanian j. agric. sci. 2014;13 (2): 72-79

RESEARCH ARTICLE

Agricultural University of Tirana

Inducible heat shock protein 70 KDA phylogenetic analyses in the

suborder Percoidei

RIGERS BAKIU", VALBONA KOLANECI, EDMOND HALA

Department of Aquaculture and Fishery, Agricultural University of Tirana, Albania

Abstract

Members of heat shock protein 70 kDa family have been shown to be responsive to a wide variety of
physiological and environmental insults, including thermal shock, heavy metals, free radicals and microbial
infection. Following stress stimuli and under normal physiological conditions, a major function of them is that
of an intracellular molecular chaperone supporting protein folding and transport; they are required for growth,
survival and apoptosis of cells. Hsp70 may play dual role as chaperone and cytokine in mammalian immunity. It
could be used as a sensitive biomarker for different classes of environmental assault. Although Hsp70 is among
the most studied genes at the molecular and cellular level, its molecular evolution is not well understood in fish.
We studied the Hsp70 molecular evolution by performing phylogenetic analyses with coding and amino acid
sequences of different aquaculture and fishery species. Our results suggested that the analyzed organisms Hsp70

molecular evolution didn’t respect organism phylogeny.
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1. Introduction

Heat shock proteins consist of several families of
highly conserved proteins that play an essential rolein
a number of cdlular processes. Among the 70 kDa
family of heat shock proteins, heat shock cognate
protein 70 kDa (Hsc70) and inducible heat shock
protein 70 kDa (Hsp70) have been most extensively
studied in mammals [1, 2]. As other members of heat
shock protein family, Hsp70 and Hsc70 have been
shown to be responsive to a wide variety of
physiological and environmental insults, including
thermal shock, heavy metals, free radicals and
microbial infection. Following stress stimuli and
under norma physiological conditions, a major
function of them is that of an intracellular molecular
chaperone supporting protein folding and transport
[3], and they are required for growth, survival and
apoptosis of cells [4, 5]. In addition to serving as
molecular chaperones, evidence is accumulating that
mammalian Hsp70 and Hsc70 have been implicated in
both innate and adaptive immunity [6, 7] (Beside the
function as molecular chaperones, mammalian Hsp70
and Hsc70 have also been implicated in both innate
and adaptive immunity). According to different
authors, both Hsp70 and Hsc70 play important roles
in antigen presentation, T-cell receptor complex
formation [8], autoimmunity and tumor immunity [9,
10, 11]. In particular, immunomodul atory functions of
extracellularly located or membrane-bound Hsp70

have been established [12, 13] since the extracellular
Hsp70 can be recognized by immune cells including
macrophages, dendritic cells and natural killer cells
[14, 15]. Actually, it has been suggested that Hsp70
may play dual role as chaperone and cytokine in
mammalian immunity [16]. There is of great concern
the monitoring of the impact of aguatic environments
on fish. In view of their responsiveness to diverse
forms of stress, Hsp70 or Hsc70 could be used as a
sensitive  biomarker for different classes of
environmental assault [17]. Based on the
considerations mentioned above, the identification and
characterization of teleost Hsp70 and Hsc70 have
received increasing attention in recent years. To date,
the cDNA sequences of both Hsp70 and Hsc70 have
been isolated from several fish species including sea
bream [18], rainbow trout [19] and Wuchang bream
[20]. More efforts are being made to examine the
expression of Hsp70/Hsc70 under different stimuli
stress, including therma  effect [21, 22],
environmental pollution [23], heavy metals [24, 25],
insecticides [26] and crowding stress [20]. As in
mammals, both Hsp70 and Hsc70 are induced in the
pattern of gene expression under stressful conditions,
(it is suggested) that they may be used as indicators of
cellular stress response, when fish is exposed to
environmental contaminants. Recently, a few studies
reported that mRNA levels of Hsp70 were increased
in bacteridly infected fish [25, 27], providing
valuable knowledge on the involvement of Hsp70 in
fish immunity. Although Hsp70 is among the most

*Corresponding author: Rigers Bakiu; E-mail: rigers.bakiu@ubt.edu.al

(Accepted for publication 20 May 2014)
ISSN: 2218-2020, © Agricultural University of Tirana



Bakiu R. et al. 2014

studied genes at the molecular and cellular level, its
molecular evolution is not well understood in fish. We
decided to pay particular attention to the Hsp70
molecular evolution of percoid fish species, which are
known to be very important in aquaculture and
recreational fishery. The results of our phylogenetic
analyses suggested that the analyzed organisms Hsp70

molecular evolution didn’t respect organism
phylogeny.

2. Material and Methods

Hsp70 amino acid and full coding cDNA

sequences of the species reported in Table 1 were
found in EMBL-EBI (www.ebi.ac.uk).

Table 1. All analyzed Perciformes Hsp70
sequences, which were found in EMBL-EBI

database.
Species Accession no.

Acanthopagrus schlegelii

(japanese black porgy) | AY 762970
Miichthys miiuy JN969072
Sniperca chuatsi (

mandarin fish) AHK?25483

AHK25484

Rhabdosargus sarba

(goldlined seabream) AY 436787
Dicentrarchus labrax

(european seabass) AAR01102
Sciaenops ocellatus

(red drum) GU244375
Oreochromis niloticus

(Niletilapia) ACI25099

All respective sequences were aligned using T-
Coffee multiple sequence alignment software package
[28]. jModel Test [29] was used to carry out statistical
selection of best-fit models of nucleotide substitution.
Analyses were performed using 88 candidate models
and three types of information criterion (Akaike
Information  Criterion-AIC, Corrected Akake
Information Criterion-cAlC and Bayesian Information
Criterion-BIC). For selection of the best-fit model of
analyzed protein evolution was used ProtTest3 [30].
122 candidate models and three types of criterion
(Akaike Information Criterion-AlC, Corrected Akaike
Information Criterion-cAlC and Bayesian Information
Criterion-BIC) were used in these statistical analyses.
The Hsp70 coding region and amino acid sequences
phylogenetic trees were build using the Bayesian
inference (BI) method implemented in Mr. Bayes 3.2
[31]. Four independent runs, each one with four
simultaneous Markov Chain Monte Carlo (MCMC)
chains, were performed for 1,000,000 generations

sampled every 1000 generations. FigTree v1.3.1
software was used to display the annotated
phylogenetic trees.

3. Results and Discussion

3.1. Molecular Clock Tests

The molecular clock has become an
indispensable tool within evolutionary biology,
enabling independent timescales to be placed on
evolutionary events. Despite these valuable
contributions, date estimates derived from molecular
data have not been without controversy. In particular,
when molecular clocks have been employed to
estimate the timing of recent events dready
tentatively dated on the basis of paleontological,
archaeological or biogeographic sources, conflicting
dates are frequently obtained. In its most extreme
form, the molecular clock hypothesis postulates that
homologous stretches of DNA evolve at essentialy
the same rate along all evolutionary lineages for as
long as they maintain their origina function [32].
Since the assumption of rate constancy is violated
even within Mammalians, a truly universal molecular
clock that applies to all organisms cannot be assumed
to exist. In order to know which was the best-fit
model to analyzed Hsp70 protein sequence evolution
a Bayes factor comparison (Mr. Bayes 3.2) was
performed to test the strict clock model against the
non-clock model using Hsp70 full coding sequences.
We used an accurate assessment of the margina
model likelihoods using the stepping-stone method. It
estimates the model likelihood by sampling a series of
digtributions that represent different mixtures of the
posterior distribution and the prior distribution [33].
The stepping-stone method was applied to the Hsp70
dataset using 510000 generations with a diagnostic
frequency of 2500 in 2 independent runs for each of
the tested models. The marginal likelihood values are
shown in Table 2.

Table 2. The marginal likelihood values in
each of the 2 independent runs and the
resulting mean values for each of the tested
models using the stepping-stone method.

Run Unconstrained  Strict Clock
1 -7122,17 -7205,17
2 -7122,05 -7207,24
Mean of Marginal
Likelihood -1122,11 -7206,23
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The non-clock model (-7122.11) was almost 84
log likelihood units better than the strict-clock model
(-7206.23). A difference exceeding 5 log likelihood
units is usualy considered very strong evidence in
favor of the better model [34]. Thus, the anayzed
Hsp70 molecular evolution was not based on the clock
model.

3.2. Phylogenetic Tree Construction

In order to build rooted trees we decided to use
as outgroup, the coding and amino acid sequence of
Oreochromis niloticus, which is member of a different
order: Cichliformes. All the other sequences belong to
members of the order Perciformes. The Hsp70 full
coding sequences were aigned using T-Coffee in
combined libraries of loca and multiple aignments,
which are known to induce high accuracy and
performance in sequence aignments [28]. The residue
consistency mean score of the all sequence alignment
reported by T-Coffee aligner was very high
(SCORE=86) demonstrating that Hsp70 coding
sequences alignment is a high quality aignment.
jModelTest 2 software [29] determined the TIM2+I

Siniperca chuatsi (mandarin fish) Hsp70a
100

Siniperca chuatsi (mandarin fish) Hsp70b
1100

== Acanthopagrus schiegelii Hsp70

100

Oreochromis niloticus (Nile tilapia) Hsp70

100

- Rhabdosargus sarba Hsp70

150
— Sciaenops ocellatus Hsp70

0.04

model as being the best-fit model of coding cDNA
sequence evolution, using three satistical criterion,
Akaike Information Criterion (AIC), Corrected
Akaike Information Criterion (AlICc) and Bayesian
Information Criterion (BIC) (-InL= 7038.015).
Phylogenetic relationships of all these different fish
Hsp70 sequences were determined using one of the
most powerful method (BI). The best phylogeny
generated by the Bl method is depicted in Figure 1.

T-Coffee was also used for Hsp70 amino acid
sequences aignment and the dignment was
characterized by a high score value (99). This amino
acid sequences alignment (Figure 2) was better than
the coding cDNA sequences alignment, because its
mean score was higher than the mean score of cDNA
sequences alignment.

ProtTest3 was used for determination of amino
acid sequences evolution best-fit model. The best
model resulted to be the JTT + G model (-InL=
3194.91) with a gamma shape vaue (four rate
categories) of 0.25. The best phylogeny (Figure 3)
was obtained by using the Bl method.

Miichthys miiuy Hsp70

Dicentrarchus labrax (European seabass) Hsp70

Figure 1. Phylogenetic relationships among Hsp70 coding cDNA sequences using Bl method (arithmetic
mean = -7066.756; harmonic mean = -7.076.779). Posterior probability values higher than 50% are indicated
on each node. The scale for branch length (0.04 substitution/site) is shown below the tree.
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AschHSPT0 415 483
MmiiH=p70 414 482
SchuHspT70a 415 483
SchuHspT70b 415 483
RsarhspT70 415 483
D1abHSPT0 415 483
SoceHspT0 415 483
OnilHspT70 415 483
cons 415 483
AschHSPTO 484 552
MmiiH=p70 483 551
SchuHspT70a 484 552
SchuHspT70b 484 552
RsarhspT70 484 552
D1abHSPTO 484 552
SoceHspT0 484 552
OnilHspT70 484 552
cons 484 552
AschHSPTO 553 618
MmiiH=sp70 552 618
SchuHspT70a 553 619
SchuHspT70b 553 619
RsarhspT0 553 619
D1labHSFPT70 553 621
SoceHspT0 553 619
OnilHspT70 553 619
cons 553 621

AschHSPT0 619 638
MmiiHsp70 619 638
SchuHspT70a 620 639
SchuH=pT70b 620 639
RsarhspT70 620 639
D1labHSPT0 622 653
SoceHsp70 620 639
OnilH=pT70 620 640
caons 622 653

Figure 2 The Hsp70 amino acid sequences alignment generated by using T-coffee software; AschHSP70 -
Acanthopagrus schlegelii Hsp70, MmiiHsp70 — Miichthys miiuy Hsp70, SchuHsp70a — Sniperca chuatsi
Hsp70a, SchuHsp70b — Siniperca chuatsi Hsp70b, Rsarhsp70 — Rhabdosargus sarba Hsp70, DIabHSP70 —
Dicentrarchus labrax Hsp70, SoceHsp70 — Sciaenops ocellatus Hsp70, OnilHsp70 — Oreochromis niloticus
Hsp70; . and : show one and two different amino acid in the corresponding alignment position, respectively; *
showsthat all the amino acids are identical in the corresponding alignment position.
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Oreochromis niloticus (Nile tilapia) Hsp70

Acanthopagrus schlegelii Hsp70

Sciaenops ocellatus Hsp70

Miichthys miiuy Hsp70

Rhabdosargus sarba Hsp70

Dicentrarchus labrax (European seabass) Hsp70

Siniperca chuatsi (mandarin fish) Hsp70a

Siniperca chuatsi (mandarin fish) Hsp70b

Figure 3. Phylogenetic relationships among Hsp70 amino acid sequences using Bl method (arithmetic mean = -3535.337;
harmonic mean = -3544.737). Posterior probability values higher than 50% are indicated on each node. The scale for branch

length (0.02 substitution/site) is shown below the tree.

The comparison of the phylogenetic trees showed
that the best resolved phylogenetic tree was the amino
acid sequences based phylogenetic tree (Figure 3).
The nodes of this phylogenetic tree were supported by
higher baesian posterior probability values than the
nodes of coding cDNA sequences based phylogenetic
tree. Generaly, the cDNA based phylogenetic trees
are more resolved than the amino acid based
phylogenetic trees, but this was not that case.
However, the outgroup sequence was separated by the
other sequences in each of the phylogenetic tree,
which were grouped in three and two clusters in the
coding cDNA based and amino acid sequences based
phylogenetic tree, respectively. We compared these
phylogenetic analyses results with the taxonomic data
of NCBI Taxonomy database
(www.nchbi.nim.nih.gov/Taxonomy/). In the amino
acid sequences based phylogenetic tree the Hsp70
sequences of M. miiuy, R. sarba and D. labrax were

grouped together, but only M. miiuy and D. labrax are
members of Percomopharia incertae, R sarba is a
member of Spariformes. The other cluster was
composed by Hsp70 sequences of A. schlegdii, S
chuatss and S ocellatus. Only A. schlegdii is a
member of Spariformes. In these comparisons
emerged many discordances, which indicated that
these organisms Hsp70 phylogeny didn’t respect
organism phylogeny. Kominek and colleagues data
[35] reveded that the evolutionary history of this
highly conserved and ubiquitous protein family was
surprising complex and dynamic. For this reason,
further genomic and proteomic analyses are needed in
order to have more information about the evolutionary
history of these particular proteins in the analyzed fish
Species.

77



Inducible heat shock protein 70 KDA phylogenetic analyses in the suborder Percoidei

10.

11.

4. References

Goldfarb SB, Kashlan OB, Watkins N, Suaud L,
Yan W, Kleyman TR, Ronad C: Differential
effects of Hsc70 and Hsp70 on the intracelular
trafficking and functional expression of
epithelial sodium channels. Proceedings of
National Academy of Sciences USA 2006, 103:
5817-5822.

Polier S, Dragovic Z, Hartl FU, Bracher A:
Structural basis for the cooperation of HSP 70
and HSP 110 chaperones in protein folding.
Cell 2008, 133: 1068-1079.

Liberek K, Lewandowska A, Zietkiewicz S:
Chaperones in control of protein
disaggregation. EMBO Journal 2008, 27: 328-
335.

Daugaard M, Rohde M, Jéétteld M: The heat
shock protein 70 family: highly homologous
proteins with overlapping and distinct
functions. FEBS Letters 2007, 581: 3702-3710.

Kiang JG, Tsokos GC: Heat shock protein 70-
kDa: molecular biology, biochemistry, and
physiology. Pharmacological Therapy 1998, 80:
183-201.

Raobert J. Evolution of heat shock protein and
immunity. Development and Comparative
Immunology 2003, 27: 449-464.

Srivastava P: Roles of heat-shock proteins in
innate and adaptive immunity. Nature - Review
in Immunology 2002, 2: 185-194.

Calderwood SK, Gong J, Theriault JR, Mamadula
SS, Gray PJ Cdl dress proteins. novel
immunotherapeutics. In: Foundation, N. (Ed.
2008), The Biology of Extracellular Molecular
Chaperones, Chichester. John Wiley & Sons Ltd,
New York, 115-131.

Alam MU, Harken JA, Knorn AM, Elford AR,
Wigmore K, Ohashi PS, Millar DG: Transgenic
expression of Hsc70 in pancreatic idets
enhances autoimmune diabetes in response to
beta cell damage. Journal of Immunology 2009,
183: 5728-5737.

Milani V, Noessner E, Ghose S, Kuppner M,
Ahrens B, Scharner A, Gastpar R, Issels RD:
Heat shock protein 70: role in antigen
presentation and immune stimulation.
International Journal of Hyperthermia 2002, 18:
563-575.

Caderwood SK, Theriault JR, Gong J. Message
in a bottle: role of the 70-kDa heat shock
protein family in anti-tumor immunity.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Journal of Immunology 2005, 35:
2518-2527.

Radons J, Multhoff G: Immunostimulatory
functions of membrane-bound and exported
heat hock protein 70. Exercise Immunology
Review 2005, 11: 17-33.

Johnson JD, Feshner M: Releasing signals,
secretory pathways, and immune function of
endogenous extracellular heat shock protein
72. Journal of Leukocite Biology 2006, 79: 425—
434,

Vega VL, Rodriguez-Silva M, Frey T, Gehrmann
M, Diaz JC, Steinem C, Multhoff G, Arispe N, De
Maio A: Hsp70 trandocates into the plasma
membrane after stress and isreleased into the
extracdlular environment in a
membraneassociated form that activates
macrophages. Journal of Immunology 2008, 180:
4299-4307.

Elsner L, Muppaa V, Gehrmann M, Lozano J,
Malzahn D, Bickeboller H, Brunner E,
Zientkowska M, Herrmann T, Walter L, Alves F,
Multhoff G, Dressel R: The heat shock protein
HSP70 promotes mouse NK cel activity
against tumors that express inducible NKG2D
ligands. Journal of Immunology 2007, 179: 5523
5533.

Asea A, Kraeft SK, Kurt-Jones EA, Stevenson
MA, Chen LB, Finberg RW, Calderwood SK:
Hsp70 stimulates cytokine production through
a CD14-dependent pathway, demonstrating its
dual role as a chaperone and cytokine. Nature
Medicine 2000, 6: 435-442.

Mukhopadhyay |, Nazir A, Saxena DK,
Chowdhuri DK: Heat shock response: hsp70 in
environmental monitoring.  Journal  of
Biochemistry and Molecular Toxicology 2003, 17:
249-254.

Deane EE, Woo NYS: Cloning and
characterization of the hsp70 multigene family
from silver sea bream: modulated gene

expression between warm and cold
temperature acclimation. Biochemical and

Biophysical Research Communication 2005, 330:
776-783.

Zafarullah M, Wisniewski J, Shworak NW,
Schieman S, Misra S, Gedamu L: Molecular
cloning and characterization of a constitutively
expressed heat-shockcognate hsc71l gene from
rainbow  trout. European Journal  of
Biochemistry 1992, 204: 893-900.

Ming JH, Xie J, Xu P, Liu WB, Ge XP, Liu B,
Cheng He Y, Zhou Y, Pan QL: Molecular

78



Bakiu R. et al. 2014

21.

22

23.

24,

25,

26.

27.

cloning and expression of two HSP70 genesin
the Wuchang bream (Megalobrama
amblvcenhala Yih). Fish Shellfish Immunology
20009, 28: 407-418.

Beg MU, Al-Subiai S, Beg KR, Butt SA, Al-
Jandal N, Al-Hasan E, Al-Hussaini M: Seasonal
effect on heat shock proteins in fish from
Kuwait Bay. Bulletin of Environement
Contamination Toxicology 2010, 84: 91-95.

Heredia-Middleton P, Brunelli J, Drew RE,
Thorgaard GH: Heat shock protein (HSP70)
RNA expression differs among rainbow trout
(Oncorhynchus myki ss) clonal lines.
Comparative Biochemistry and Physiology B
Biochemistry and Molecular Biology 2008, 149:
552-556.

Webb D, Gagnon MM: The value of stress
protein 70 as an environmental biomarker of
fish  health under fiedd  conditions.
Environmental Toxicology 2009, 24: 287-295.

Gius G, Alo R, Crudo M, Facciolo RM,
Canonaco M: Specific cerebralheat shock
proteins and histamine receptor cross-talking
mechanisms promote distinct leaddependent
neurotic responses in teleosts. Toxicology and
Applied Pharmacology 2008, 227: 248-256.

Dang W, Hu YH, Zhang M, Sun L: I dentification
andmolecular analysis of a stressinducible
Hsp70 from Sciaenops ocellatus. Fish and
Shellfish Immunology 2010, 29 (4): 600-607.

Eder KJ, Leutenegger CM, Kohler HR, Werner I:
Effects of neurotoxic insecticides on heat-shock
proteins and cytokine transcription in Chinook
salmon (Oncorhynchus tshawytscha).
Ecotoxicology and Environment. Safeness 20009,
72:182-190.

Elibol-Flemming B, Waldbieser GC, Wolters
WR, Boyle CR, Hauson LA: Expression analysis
of selected immune-relevant genes in channel
catfish during Edwardsiella ictaluri infection.

28.

29.

30.

31

32.

33.

34.

35.

Journal of Aquatic Animals Health 2009, 21: 23—
35.

Notredame C, Higgins DG, Heringa J: T-Coffee:
A novel method for fast and accurate multiple
sequence alignment. Journal of Molecular
Biology 2000, 302: 205-217.

Posada D: jModelTest: Phylogenetic Model
Averaging. Molecular Biology and Evolution
2008, 25: 1253-1256.

Darriba D, Taboada GL, Doalo R, Posada D:
ProtTest 3: fast selection of best-fit models of
protein evolution. Bioinformatics 2011, 27:
1164-1165.

Ronquist F, Teslenko M, van der Mark P, Ayres
DL, Darling A, H6hna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP: MrBayes 3.2:
efficient bayesian phylogenetic inference and
modéd choice across a large model
space.Systematic Biology 2012, 61(3): 539-542.

Adachi J, Cao Y, Hasegawa M: Tempo and
mode of mitochondrial DNA evolution in
vertebrates at the amino acid sequence level:
rapid evolution in warm-blooded vertebrates.
Journal of Molecular Evolution 1993, 36: 270-
281.

XieW, LewisPO, Fan Y, Kuo L, Chen MH:
Improving marginal likelihood estimation for
Bayesian phylogenetic model
selection.Systematic Biology 2011, 60: 150-160.

Kass RE, Raftery AE: Bayesfactors.Journal of
the American Satistical Association 1995,90:
773-795.

Kominek J, Marszalek J, Neuve' C, Craig EA,
Bary LW: The Complex Evolutionary
Dynamics of Hsp70ss A Genomic and
Functional Perspective. Genome Biology and
Evolution 2013, 5(12): 2460-2477.

79



