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Heat Shock Proteins in Heat Stressed Chickens

Yang Soo Moon'

Professor, Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology,
Jinju 52725, Republic of Korea

ABSTRACT As the earth’s average temperature rises, crop and livestock productions are at risk. Chickens are sensitive to
heat stress, and increased temperatures may have adverse effects on their production performance and animal welfare. Reliable
stress measurements are crucial for heat stress adaptation. Therefore, various measurement methods and biomarkers are used
to evaluate poultry stress levels. Heat shock proteins (HSPs) are heat sensitive biological markers that are highly expressed
under stress, thereby acting as a cellular thermometer. HSPs also have chaperone activity, which protects cells from heat stress.
This review details the role of HSP70 as a molecular chaperone and biomarker for heat stress, which is important for breeding

climate-adaptable, thermo-tolerant poultry.

(Key words: heat stress, heat shock proteins, animal welfare, chickens)
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1. Heat Shock Proteins(HSPs)

dZ4 dide AdAYET AP E EFoA] Wol
el TlE 2] 19629 Zoejol|x] Ao = HuE itk
(Ritossa, 1996). Ritossae} ATAES 298| 8 2~387 €
ABB70)d F AAAY 5 F9UF B E
(puffing) sHEF} o] oA WAHE FAAEZNTH 7034
25 kDa Tl e] W S7Fe #E6laL, & 4 A
o3 HHEH oz Yehd o|& @A -Z “heat shock protein
(G o g2 isigitt. 452 o] Eabeke
10~170 kDal &2 tiekals, =7)o| wal A Zujea 232,
7%, &d Fd ol #Fel7 vk Snoeckx et al., 2001). ©f
& R FHEe dsAGHAe] FHAAES ‘hsp’

[SR=R—

[

e
Hsp®, 283 HspEel 7Y group(LH)C= ®Hs=
family(Al)x= HSPZ X7|3}7|2 ZA%3lo(Hightower and
Hendershot, 1997) & 1o A% o]d] we} 7|&slith &
FATNAE L Aol Z217] tE @iE d(group) o &
TAE] e T H 3| (super family)©|THTable 1). th
%4 o7} HSP70 family ZA] B2} 70, 73, 78 kDa 5°] &

Table 1. Some selected heat shock protein families in animals

 Eel @ 2Edx0 93ATN

214 K Snoeckx et al., 2001). Wb ©]5 Tz S vy
FRAE dubE o 2 hsp70°]g} F-Er) HSPsE U9 <}
& 2R ol gy, vAE 2, AEsrt wiviA,
B 2 T34 T 2L dHe AEY A v F
< wjoll = L3 F i Hassan et al., 2019). %7 22t
2 housekeeping gene®] &-E ztx glo] Alxe] A
Feol|e A& og wilo] HA|vk AelA, 4% ~Eg
27} FolAH W o] fr]o] AjEA THJE HSPE Al Eu
Lo F sk 2o maA| o]Fdte] HSPsZA 7|5+ sH
k. HSPSollA 7P 55 Tds= HSP70& U=
A HH, 5] Hsp702] A2 69,913Dac|H, 634719] o}
nieite 82 g Elo] QUtt 5ol Hsp70-> A (639aa; frAHE
92.5%)S 3], A(631aa; FAFE 90.3%), AF(633aa;
AV 91.3%), F(633aa; FAFE 91.2%), FNA1(643aa; 77.3%) 5
I} o] oAt FAM o] - Erh 3 AP Eol A hsp702]
A A7IMEel e A 60~78%°|tHKiang and
Tsokos, 1998). HSP70-> T4 ©h A 2 lalA| o] Ax2
o AR ASAM ZolMe HED, 2FA|, &, =4,
nEFEzlo} 5 thekst 3o Exstar slon, Axe] 714
(extracellular matrix)ol| A= WAE 1, 7= Akl 23T
M| tEF 48417k tiKiang and Tsokos, 1998).

N
=

e w1 fol m
o ¥ | ro rr
o~
o
Y
g

™

it

i

HSP family Family members Cellular location

Characteristics/functions

Upon stress References

Phosphorylated upon

Hso? o on/f
HSP27 525 Cytoplasm/nucleus Constitutive expression/forms stress/ Larsen et al., 1995
Hsp27 large aggregates .
nuclear translocation
. Constitutive expression/guides
Hsp58 Endopl . . . .
HSP60 P . 11eop ,a Smie . mitochondrial protein import in - Snoeckx et al., 2001
Hsp60 reticulum/mitochondria o .
conjunction with Hsp70
Constitutive & inducible Only Hsp70 inducible at
H: . i tein foldi heat str
sp70 Cytoplasm/nucleus/mito e)}pressmn/}')ro ein Ofilng . caf s. ess/ .
Hsp73 . . /guides protein synthesis and guides protein synthesis Leung et al., 1990.
HSP70 chondria/endoplasmic . . . . .
Hsp75 reticulum import for protein degradation and binds proteins upon Snoeckx et al., 2001
Hsp78 Hsp70:highly inducible & stress/
normally absent nuclear translocation
Up-regulated and .
o D llier N d
Hsp90-a Cytoplasm/nuclear Constitutive expression/binds phosphorylated co o Can
HSP90 Hsp90 membrane/nucl lasmic hormone receptor n stress/ Schlesinger, 1986;
sp90-B embrane/nucleous  cytoplasmic hormone receptors upon stress/ Snoeckx et al., 2001
nuclear translocation
Hsp94 Constitutive expression/ Up-regulated upon stress/ Hatayama et al., 1994
HSP104 Hsp104 Cytoplasm/nucleolus P prregu D v ”

Hspl110

protein refolding

nuclear translocation  Snoeckx et al., 2001




Yang Soo Moon : Heat Shock Proteins in Heat Stressed Chickens 221

2. 2X} AHHI2(Molecular Chaperons)zt HSP
vz o] 3xptze] FAdole Wiz e] A3 (folding)©l

7Vg 83tk glEEAA AlEA FEE EEeI=

(polypeptide)7} g 2stAl 43]7] flaire o ")r”‘““]?%

RS Wolo Gt} EelUelolsel 4YE EAFE T
AES BA4 Ak E(molecular chaperons)©|} gt} 78y

AE] A5, AR T/ 771 dIAEET gom,
HSP70& & A& 9 %_éﬂwﬂz‘sow TEA R Ag
HSPs9] &7/ =+ HSP27, HSP60, HSP70, HSP90, HSP104
5] tEF | tiTable 1). F A Eo] ZHLEA A Fe]
Hefo]l=9] H3lol= HSP70°] F8 AR EolH, ’\Eﬂio]
= 2% FEAS} AEAsH #oste duAE

HSP90S] F714 =32 Wh=th HSPEd-e cuth =
o1& &3 el WA (denatured), 7|74 & (misfolded) &2
/¢ (damaged)® T o] Apd AMFol Agste] 3x
TZE HAEDFEE =obae AFIEY 7es Za
9 THMayer and Bukau, 2005) (Fig. 1). A E2] tE4<1
HSP70-2 ©hid o] 34 H3ls Fate] 9 e
AAA] e 2 fA], SR FF(EH o R SA A
, SRE T AR BalEie)d
=] AT 9 Eo| g g4 (homeostasis) S B8

9] 7]of gt (Mayer and Bukau, 2005). ©]o ©3}e] HSP70

=

SHA| ‘6&/\4) o%;q]

rulo _l}ﬂ:

o BBEx] 2a BAA Tl AT} 7]%S A dmge
BV ol = == FE 9% 3ti(Yokota and Fu-
jii, 2010). HSP70-2 A2l A] o}2] 35 31A] 22 o)
AES A7, Axy d¥de] g5S X9t
(Borges and Ramos, 2005). HSPs-= A}=<f| o) ©alo] =

(fr= ¥4 inducible HSPs=iHSPs)%| AU} 3-2 x| &2
& (constitutively expressed HSPs=cHSPs)-& 3}= F+ 7F4] &
A

B7} Qlom, Al XA A& &ido] kel &
ol =85 FTHLindquist and Craig, 1998). =3 HSPs
= 2Ef 2o o3 WEE 3, thag o) tﬂAg, BAA3
HAo] 4 S5 WAFe =N A2 AES AEAA F
t}. HSPo] 9J& A EH T 71%5S 2% A% o} 58 ¥3t
g BE5o] o8] 7]oA] TR THBaht et al, 2016). ©]/d<]
8-S Z3e)] B HSP70L B4 Ak &0 2A] AEA
FE Eefietel =] HJ3e fr=dta, A 725 ¢
3 g e gy A7) 2 Hxpte s £dels 5o
o] FAARAAMTE FA A Esliste 715
o|27174A] A Ze] HFA 7w A& B Td
olg} & <+ itk

Heat Stress

X
X
L

Unfolded/d
proteins

cell membrane

HSR/EF1A
! HSF1 trimer

Celldar protection
(stressredstance

Refolded protein
(physiologically
favored for use) cyloplasm

Fig. 1. The mechanism of heat shock proteins (HSPs) pro-
duction and cellular protection as molecular chaperones in heat
stress condition. Heat shock factors (HSFs) normally reside in
the cytoplasm in a multi-protein complex with HSPs (HSP70,
HSP90). HSPs and HSFs dissociate from the multi-protein
complexes by heat stress. Heat shock RNA (HSR) and
elongation factor 1 (eEFla) are recruited by HSFs allowing the
transcription factor to trimerized HSFs. The trimerized HSFs

@] ‘phosphoryation

translocate to the nucleus and bind to heat shock elements
(HSEs) allowing for HSP gene transcription.

3. &€ AEZ|ALl HSPs

<& W/ (thermal tolerance)<

FH e 227t A9
2= 549 9(thermoneutral zone; TNZ)S Hlojd w] &
A o] #8E B $E9 T o|th(Hassan et al.,
2019). EE°] w9 A MY #8287 o
g o o] FUAHA F 2EH7F BT Gree-
ne et al., 2019). Wb TNZE F43e] tiaba 2dd <
&l 7o AWREE AT F Ue T 2=l
At 9 37 L%7) o] TNZ Gl I TEL B33
AL FAE flstd e7E= oyA] &7 A9 gl7] v
o 7} Hig TNZF S WA AHE o =S stefof
gt} IRFEED 2R/ AS A A4 58S 7t

A3 9lom, M EZgFoA 3 (homeostasis) =S 413171
Haix= 53kd HSP7} flofof ghch o|eldt vl 5 Zof

A] HSP70°] 7}
A7) 32 7| FA G| = TEC] &

g s}l thxjsh= o

< 835fth. HSP ©dE2 Ao 22 o
d SEF 2o 23 54

=]
gahg st} Tk g AE 20




Por) B - she]  2EY 2

gtk o2l gt Wol7|Zo] it Asd T T =
=9 =2 AHA gAAF @ 4 UthMishra and Palai,

2014). HSP70-2 & ~Eg 2~ Shol|A] Zg]glelo] =] WA
7] 918k ek Alxe] 2 dhldo
E7} ~Eg| 2~of ZHsHA| A Euf el %%1 T
el Tl A5E {3 Sl oJste] Alxe 3

< 5 ") 2E# A oAM= HSP7F B/ 8} o)A
o, Al Z oA g3 w3 Tl o] S48 F Astst
o AEE FAsks 7152 sl "ok o] g HSPY| 7]%

S AR AEES Eola, € 2EYAE SESte 58S

o T
A|-g3ll £THMishra and Palai, 2014).

4. G AEFA LHA T|&
o

HKYu et al.,
2008; Mishra Romero et al., 2013; Dangi et al., 2014; Palai,
2014). € ~E#|~7} A ¥ HSPS] WS F35ka, HSPE
A 2~Ef 2] FA4 g3 ds7)7] gk A AR o
o] K Trinklein et al., 2004; Page et al., 2006). ©|2{3gt
HSP2| 237 g wjiol] HSPES & WA 9 7|33} A3
A3 AAANINA Ha, 7H-2 Bk o] defgl 334 E ~E
Ao X% A3 SlA] Erh(Feder and Hofmann, 1999).
d ~EYAREE AXE Eié}ﬂ fl&iA= HSP70 &
) Chil 9} AehS o] Al
A S0l dojuA| Eotes st Aotk @ 2Ed A0
SH 2 Al ZWNA oA Hitgt
3 A3E et @t webA d
A& M HSPe] A o]of o]zl AY/d¥ HSPTHH
Agke] glo} HSP7F Bol ¥HEoiA]
=, HSpet o] #8774
SHAl ET}h HSP70 ~E# 2o
FEEo] wEE = glon, oA AdH Hspe
ol 9461104 Aes 2o o 4 AYEe 7RA d9d
(Browder et al., 1998). HSP2] ¥dldl] 23t a5 sl

ﬂll

|
ﬂL

2 &

ZA}RI A} heat shock factor(HSF)+= HgA] Al ZjolA &
4 dUE EAzNEY, €F34S WA =W HI T Ay

= Bt 2o vk, €49 HSF= HSPO] HAL
& 37MA 71K Sorger et al., 1987). € 2~Ed 2o 2|3+ HSP
£ At AEA 3 AR, E T4l 9 WAy
w2 HSFeF 2] 3le HSPE A2 WiellA

LA 24 HSFE 2437t HSPEHE Z2d
Ql4ksKphosphorylation)7} o] AFgHA|
gttt Qs HSFEA= & <to g o]
sto] AT -Fd 2K hsp genes)e] Z2RE ol 3=
(heat shock elements)®} A3t} o] A3}
hsp FAAEL HANKtranscription)”} ¥ 12, HSP THAES
333l Pck(Sorger et al., 1987; Kiang and Tsokos, 1988)
(Fig. 1). A7 <87 HSFE= 4379 o 53
(isoforms), & HSF1, HSF2, HSF3, HSF47} 1o, Algholl &=
HSF1, HSF2, HSF47} 221 % 91T Snoeckx et al., 2001). &
oA HSF17} HSF3 2&/7F El=ion, dA7A] &
217l HSF3E= 24 HolAvt E 1% AtHArchana et al.,
2017). °15 4F°] HSFE2 AlXU teFet T/ ~Ee~
o <&l &3} = A ¥k HSF19] 2§ 53] 2ERiste] ulj5-
WAFsHA Rhg-akar 248t wo] HSP70 Tl o] Ao F
8 982 K Cotto et al., 1996). FollA] HSF1-S 37+ 4
2E# 204 183l HSF3E T E2Ed 2ollA &3}
7} Beo] B th(Pardue et al., 1992; Tanabe et al., 1997). 3t
o] HSF12 22 HSP70% f=3dl= WHH(Inouye et al.,
2003), HSF3:& HE HSPE9] WS Zx dc}(Tanabe et
al.,, 1998). 4% HSPELS A A A ATPS] Zg-& ol
C—2et7-9]o] HSPt WAE Tl s} Ajlste] 7]54 o
2 3 EHE 33U 2 @A g e S Eolgo] 24,
7158 BE 9 gtk

o fl

ie4

Nl

o 1N
ko

o

_l

LHE M 7t Mt HSP70
4 ~Eg 204 HSP709] 8 752 XWH d ~E
22 5E AxY AbEE AAE ] st TSl
g 2=0] dejoll FolAl HAE W MExs &S
ANAE Asdct. Ax AE kg HEF A=
HSP703} 22 HSP2| A3} W&ol o]
2EH 22 5E gloju YT F s
225 W =AU W, ME7F 2EH 22 QIg -
% AA8t7] $18ted HSP709] o] #A] Vehdtt
L2 o] FFo| A EE U THDeb et al.,, 2013; Romero et

al., 2013; Dangi et al., 2014; Kishore et al., 2014). 2}t 42
EEolA HSP709] W& Q] 2tol= F3toll & A gHAd o Afo]
2 & 4 9t Agnew and Colditz, 2008). Al&re] Hit A&
2 37Cld Wake] WFL 39.5C, A2E 389C2A, 24 &5
9] A2 ztol= HA | 52 dhA o] Wl JEF
= "3 F de 7Feel Utk S, Ao WiE oA
HSP702] A -2 42T d]| ®ESFed(Dressel and Gunther,
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1999), &9} A2 43.5TolA HA TdE BHon, e
Z70A WMeFS AHTE HSP702] ¥Hlo] o Eitia 3t}
(Agnew and Colditz, 2008). 0] 23k oA B HSP70—°4
1ﬂ/ﬂ 7].
Atk 71 FHE) e AdgelA] aelE] BH,
A A&

ALSES A F88 A48 niAdvt 9

7}:'1‘—4
skAIA] 7] 7] 93k 7)\_9; = Aol 715 &
132, 71533}l T
2 F e 7hEY A §Fo] Z st ol o
nlel X Az A Ag/d 3 hsp 314 Wolo] AF7) T
S w3 Qo) dukA o2 HSP70L 2] e ~EH A A}
=l dste] FrREAA|L BE F=ol EAHA, 2t &
& ek a o] xpol 5 v
Wit) o= hsp70 AR 5~ Fi= 3-UTR flanking 3 <
|4 AAH oz o7|E dr]e] Wo|r} W o] do
71= °l4r & st 2 71 ok lfﬂ?ﬂ 4 Hol=
2E# 2 A= tiek = el g xfo], Z18] a1 hsp70
mRNAS] 237} obA o] Hwo] J3Fe Fr) o2 2
e 2 T2 @ 2Ed 2o tigh A A= o
g2 & 9 UK Archana et al., 2017). 42| HSP70 T2
E] ggoe] SNPF & A &d(Flynn et al., 1991; Deb et
al., 2014) =A< HSP702] 3*-UTR < <] polymorphismZ}
AT mRNAS] HA% A|xe} E*3Ad(Schwerin et al.,
2002) FollA & Aol e 7 A 91 HSP709]
&8 7S Hol FUh Hellxl @ A3 4 hsp70+r
ZA2ke] SNPel tigh F314 59E B, 34 & ~EH
o] A 3+ 2HeA hsp70 A
5¢-flanking GGl —69A>G A|He] SNP =, GG F73AH]
o] AAZET} § ¥ hsp70 FAF FEH-E H I THChen et
al., 2016). ©]= hsp70F-4 2] T2 RE i) SNP7} &
A& A et f1g BAHA wiAEA 28 Ths
L9 B AFEL TEE FTE

R4 B BAH Oy @ AT BAZ 2 )
(o) C1)j] o)

[¢]

o
Ac)
fo
re
i o
R
4o ©
o,
n
of
o
o
o
ot
>
N\

2 droe
= T©u

7<]—-/] UTR ﬂanklng I = ‘ﬂrook; Wolof st Oi:r“*
A% gkl Boh Bl 4 Agee el AuE A 5
:)

o]
PA

i A IjPOI otAHet HSP70

AFEeA E 2EF 2o gbr7] Qs
HSP70S && LD} HSP70-2 A& W3} =4 o
2 FES 4 vk 54 HSP70EE S A EA A B}
ARZES] Ao 2EYHAE A= Ve e gt
(Nollen et al., 1999). f-%4 HSP70-S 7}1%9] ~E# 243}
sEI due] 7] "ol & dAAA E A

ol

gk vto l U}ﬂiﬂ HSP70 DFB“%L] 2o =235 A
3xol d ~Ed2d gt A= %{’—:‘_ 21 tH(Flanagan
et al,, 1995). &, 94, 4, %%A A R~EYAE T2 IS
oA §=3 HSP709] Wdo] Z71E AL sHlslthYu

et al., 2008; Zulkifli et al., 2010; Mishra et al., 2011; Dangi
et al, 2012). 7FRoME @ ~E# 2o vhge] AT Bl
sl7] flsto] vheket 7Pl Ee] AT E
= A3hr]717] 913 teket dEtes 3] fleke ThaellA
o] Agsla e 2EHA HrF WEe
2o ~EY 2 3283} heterophilsZ} lymphocytes] Y&
(H/L ratio) 18] €lZn]oje] nlr = DNA &4 F =
(Sohn et al., 2012; Bateson, 2015) 5= 2 X o] on}
AR 83l vk o2 =9 corticosterone?] EF
FTEE Y92 $£(0.3~20 ngmL)SE A THZhang et al.,
2009; Kang and Kuenzel, 2014), 2E# A5 B2 o] ¥
231 150 ng/mL(Scanes, 2016)7}A] =t} ~EY X~
%9] dF v 99 Agd AT ET
AN B AR Fo] Foll e} BE ol &
/\Ei’ﬂ’\ Fog fMstet dEFE = 5 Urh w13
E §1% o] adshe a2 AATe
4 )t} Heterophils@}t lymphocytes—J &2 4
o o3 S Bol wow, oF s
gl 2ol ek 17 gk ~Ed| 0] ‘T‘?“% Je
&3k FEo] THODell et al., 2014). & =n

ﬂl

17

)\Ea]

1—40

r?‘ir

=

corticosterone 2}

folr off
I l-

N
>
1:ru

P

N,
=
:L

L= /\Egﬂ

T

1

_Ez:{o_l::,_&
it

[
|m o8 m°*'

=)

oft

& 2R 2Ed A PPPRe 24 S

ot Mr 2 fo ok mu pet (T
ruo

oy ﬁ fe e

2
(nucleated erythrocytes) 5= ©|- 8 4 UA|TE, 2
© = lymphocytesE A5t HlEZn|o]] ni HE F2
DNA<=/} 52 H| 23K (Sohn et al., 2012). DNA$ =l

A A2EHAS Hrlsted vlnA A gela, "2

_% 02

3t ~EY A BAL b ~EH A

o
T
=
=

& EE dES 4

H 2B AE Wrlske f8siva & 5 glem, 5

5

9

2o BAE ZQ A3 AV|A ASAAE Holsted &
151K Sohn et al., 2012; Bateson, 2015). & toll &= Y- <5
“J(non-invasive)°| A A& P EHAdo] =2 ZE HSP70
< BAEEdA S5k WEol AAIEAT BEd
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(2019) 6752 SACA AF AFS7IZEe] o} (24C)H
23(29.5C)° d3l= A =(growing feather)= 3}
HSP709] mRNA 9! ©hilz] Wt S ZAleigich .%ol )
#3k Zlg oA W= HSP709] mRNA 2 whild mw
opzlol g AGHT} o] fzte] o] BF A Hd
sk HSP70 whelde] WS A 9 Hodoa B3
A wole ZldeA BaE By 2L S Ho] &

< ©]-&3F HSP702] W& gl Wy

¢

i

& ' MAFEe 2B s W T 5 9l v, A
ARer 24T = 9le B4 vl 288 = 5
HoyFoltt. HSP70-2 AUl 7)o} Heol, 21d ol xnkA
o= HdEn, 45, 49, 2%, 79 % 22 0 »
Edf 2 kel osf wds7] wiel 2" HSP702] £
& 7haRe 2Ed e FEE AAA R 37 ok o &
2 vk A 39 AL S o83 HSP709] £ Zd
=

=}
o] X (pulp)F-HE ol &3 ArhFig 2). =7 4% =
Q1 Zlge] Hx(pulp) F+= 2F 10 mm F =] 214 spt F-
912 33| Z(epidermal layer)Z} 2322 (connective tissue)
of oz W o X7 (inner dermis)= A= o] ATt ©]
ol U A BAE o] 2 FAds]o] glom, iy
T, HAMZ, F2A B A E, A FRAE TO= o]
Fo2 UATKYu et al, 2004). 212 o ¥(feather follicle)”}
A3 FFAE %2 (dermal papilla) 0. &2 HejA A =S &}
I Utk A FRA ERA S A s 915 ZeHKcollar)
2t abm, o] F-9je] FEto] AlEEE dHe] drt Zet
7 ARG S ste] 2" e ES] 744 Alxvk |
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Fig. 2. The growing feathers from Brown Cornish and the portion of pulp. Growing feathers from 10 wks of age (A, C) and 2-day
old (B) Cornish. Schematic shape of pulp portion and dermal papilla (D).
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