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#l, AHE R DA IR K K A A0 F R 43 B unigene F 7| F Ak, & Al RACE s H # PCR ¥ %, %
kAR T I Lk 2 A sHSP By & K X [ . PhHsp22 #1 PhDnal, 7 %] 247 4 K & ¥ , PhHsp22 7
7l 2K 857 bp, @A — 519 bp W AR EAE, ikEWN LKA & 12 NEER, 2 TEN
19.1 ku, % i 5 4 5.24 (k% & . KM102540) ; PhDnaJ ¥ 7 4 % 1 616 bp, 4 4 — 4~ 1 290 bp
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KW : ZEE; N THEE B RACE; %ot X & PCR
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FIJRE , AUZ B A 115 5, WS 5 A i & 2
EH SN L MRS TR R DL
AW I RESE AN TR , KRBT HSP 43 5 A5
% : HSP100 , HSP90 , HSP70 , HSP60 % /N4> F HSP
(sHSP)*',

T vh i sHSP 18 Hy A% 356 [H] G ), & — 470
THEN 12 ~43 ku, H & A R SF 2450 380 8 B e
AW N Tz A, e s P 22 1 — 2R R
W 4 - S0, 5 A ) Al S 1) PR A
HILL , sSHSP 76 45 ) M D iE E#8 B A ZREVES
SHSP AT 7E I 2% 115 o R0 35, 19 54 41 i xof
W B 52 RE ) MR S BE T, 58 00 T AR A
B Az, 2 - S A A0 AR B
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ST PE KR 4 h Db, T HKRK
IR S 3 N DO AN ) N S
5 A 22 PP LR A W e P S e DR O L 0 2 L A
i 4 96 B A2 4k R B A R AR
1B 1) 5L ) H ™ i, 30 4 O 456 B A Bk 2 e T
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] 12 )™ 5 52 M) T A 2 SR Rk B T R KR
BUZ A W SR R R
ISR M A R RN T R
FEIRTE 1Y 43 M 48 R 1 e W 3 58 S 0] 2R K A i 1
HAPUTE S sHSP 1Y bR 258 % VA ¢, Lt Oy
TIF 5 32 58 5508 2R KR v il 38 1) A& LR
5 A 388 07 28 A O DR, I 43 A G A 0 5 b 3a
T BB KPS AR ST Y B R T AR SEE
TSR SN S T Bl L, X35 53
4% sHSP $:[H ( PhHsp22 1 PhDnaJ ) #4742 K 7%
B, Jf 3 2o 52 ) 5% 0t 2 i PCR 4R (qPCR) M %
R PR T e I A R K 38 R /Y R B KA AL, A b
FCAESR 5238 38 B 28 T PR T DA R 35 58 S i B
Jif 38 g o7 ATL T £ AP 5 4 AR AR A

1 MRSk

1.1 REXRHFREBLLE

SEH MR N L A8 5 B ARG I 35 580 it 5
IR Z-6117 B R A A5 2R S Bl B VR A
JE o IR EEER Z-61 MORIARTE & B BE T B %, 1
F5 Z-61 AR A (Y 25 10 < 0 BE 21 °C, of BRI
50 ~60 wmol/(m* - s) , G EH 121: 12D, (FF 2
R 1 RS 98B B K) . FErbRikAEKE
(15 £2)cem [, 46 B TP L 60 A 68 o5
IR LA T R A K 0 g R o AR T (29 =

0.5) C 11y 8 i o't B B 2% 48 b JE 47 = T P 30 4b 2
(JE BB % 50 ~ 60 wmol/(m” - s), o A8 J&
12L:12D) 3 h J5/E 52 5o 4, 2 S RNA I 2
55 cDNA J5 Fi F PhsHsp22 1 PhDnaJ £ [
14 K v o

TIB—ZH (15 £2) em [ 58 B PARE T (29 +
0.5) °C iy 18 TRt B K% 55 40 vh 43 90 2 AT e TR 38
Ab P (LA B AR S5 R R IE R 2504 ) 0.3 16,12 .24 FiI
48 h JF  FRHCE RNA, A T i b ad 4040 F 2
FIKIKF- 1 qPCR J3#r o

) B, PR — A B A, 2 A TR T B R 3
KA IE BT TR A LT 21 T, 6 s
5060 wmol/(m® -+ s) iy T A N TR K . MR A
TSI 50 B 7 1) TR R [, 43 i BRURE SR K R 0%
15% 30% 45% .60% .75% 1 90% (1) £¢ & f1 T
WA K 42 K R g 90% J5 T2 I T 5 e g K of
B 4% 30 min J5 (& K) MFE S #EAT B RNA 42
B, F T2 K Wl 45 00 R 3 R 3R 36 K F 1) gPCR
M. RAKRBIFFE AKX R KKE (%) = (EfE
- ROKJGHMAE) /(B HE - TH) x100

PLEAEAS AR BE B 3 AN AT
1.2 5| RERFT

LK I RACE ¥ 1 4 K 50 F, BH M 5o
i 308 LA Sk I e 35 7K F qPCR 3 #7 i Sk #0951 4
FRH (1) A TAY TRA RA R A .

x1 IBFAASIMEERET

Tab.1 Names and sequences of primers in this experiment

g B3| 5149 % Fr SIS (5'3)
usage gene primer name sequences
K p e R225° CGCCTTGATAGCCTCCACAT
PhHsp22
RACE R223° TTTCCCAGTCCTACCGCCTTCC
H22F ACATGGGGCACTTACCCATCCACA
PhHsp22
S KB H22R TGCCACAAAGCATTCGAGAGTATCG
head to toe H40F TTGGTTTTGGTCTGGTGGCA
PhDnaJ
H40R GCGGAATGAAGACAGCAACA
Q22F TTTCCCAGTCCTACCGCCTTCC
PhHsp22
B Q22R TCGCAATCGTCCGCTTCTCC
gqPCR Q40F GATCCACCACATGCAGATTG
PhDnalJ
Q40R TGTGCACCTCCAGTACCTTG
% UBCF TCACAACGAGGATTTACCACC
] PhUBC
internal control UBCR GAGGAGCACCTTGGAAACG
B 4 9 RV-M GAGCGGATAACAATTTCACACAGG
validate of positive clone M13-20 CGACGTTGTAAAACGACGGCCAGT
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O 39 %

1.3 B2 RNAHSBEH4L

WA IR R BEAR 0. 1 g, 2 P8 4R IR T R R AT
JEJE, R E. Z. N. A H %) RNA 2 BOR ) &
(OMEGA , i[5 ) $2 B 2% A i 1Y 6L RNA . 22 BEIR
L YRR 2 T $2 IS RNA [ S8 38 P, IF 4E Cary50
AN G B2 S E OD,q, Fl OD,, fH , A
I D 7€ 45 R 115 RNA Ak B2 ) B A% 2 A2 1 o
75 Ge 1 O o
1.4 PhHsp22 EEMEKTERIIE

MG 35 5 3 % 5t 41 ( NCBI BioProject 1D
GADDO00000000 ) unigene F4 I B 45 #') i i& 1
— 5 TE B 4E R N 3K B K % Hsp22E ¥ unigene
(CL559. Contigl) £ 91 fE l PhHsp22 4> K- 5 [ 1
B P o WRAEA% O F 8, 43 58T PhHsp22 (1)
5'F1 3'-RACE ¥ #§ iU F5 SR 9 1 51 (£ 1) , 4%
it SMARTer RACE ¢cDNA Amplification Kit iz 5|
& (Clontech, 32 [& ) % 15 B 73 5] 7 47 4 4> 5 A 7Y
5'F03'-RACE 4" 1%, ¥ RACE ¥y 9 H i kv Bt
YIRE IEW  5% AL 2 E. Coli DHS« 32 25 40 g
28 W 1 B O 2 A PV e R I IR S R A R E AW
AR /AT o AR AR I P AR A ) BE PR S AN
3" K B JY 8 & X, >R I DNAMAN 5. 2. 2
(Lynnon BioSoft) ¥ {4 ¥k 17 §F 2, 3515 PhHsp22
e KFs. REIFEREH KT, &Kit42
KIGUES W (R 1) 38 i [ e 345 /9 cDNA
B, 64738 3 PCR 4 1, [R] FR 6 4 38 7= 9y 2 47
DB I A A FO R, 5 K D0 25 SR 5 P B 25 2R
PEAT X, LS IE 42 4K v B2 7 TE B 1
1.5 PhDnaJ £ E £ K 5 &R W E

MR 35 5 5% e 5 21 unigene 1 VE REZ5 L, O
T — SR TE B4 R Ol S P45 5K (P, yezoensis) Dnal
(HSP40) [¥J unigene ( Unigene3238) , £ J§ ¥1] [t %t
I3 M & BLi% unigene J§ 8 4 E — A 58 B 1Y G B
X, LAZ R 9 g e A, BT K RS | ), @
o S SR ARAG Y cDNA A , #E 17 i@ PCR
B K 3G Wy AT U0 B BT AR R Y O
P45 4 5 Unigene3238 J7 41 47 L %t , LL#A &
PhDnaJ /&K ¥ 5,
1.6 PhsHsp EEREWERFESTH

Xf BT 3R A 1 42 A B A 81 #) J NCBI fY Blast
FEJ¥ #E AT 7 51 8] 95 P A 00, JF R ] ORF Finder
(http: / www. ncbi. nlm. nih. gov/gorf/gorf. html)
A4 B 4% 5 R I 75 1) 52 AE ( ORF) i Jr 4 i

SR 7y 5 5 8 H1AE 28 % PROSITE (http: //
prosite. expasy. org/) , InterProScan ( http: // www.
ebi. ac. uk/Tools/pfa/iprscan/ ) Fll PrediSi( http: /
www. predisi. de) £ $% & [ 5 51 1) O <7 £ 15 F {5
BF S R Clustal X ' AT LR £ T ¥
FULLXE, 5% MEGA 5. 10" #4355 #y 1 T
PhHsp22 #F1 PhDnal & [ 8 £ S dE L # .

1.7 PhsHsp ERFEREKTEH qPCR 17

o3 AR 4R £ & B 81 33 qPCR GE 2 fa) 5
Yy, UL PRUBC JERAE BN Z (3K 1), 47
PhHsp22 #1 PhDnaJ K& K 15 & it A1 26 K 38 25 14
T IKKFH) qPCR 230 H7

PR & BE B B RNA #% PrimeScript® RT
reagent kit ( TaKaRa, K 3% ) 1 U6 W] 45 7£ 47 #8 1F
25 WL M R K & 4L :12.5 wL 2 x SYBR®
Premix Ex Taq'™ Il (TaKaRa) 0.2 wmol/L 5|4y
2 wL s . Y RT 95 CAE 1
min;95 C 10 5,62 T 30 5,40 MEH ., TEH G5 R
JGM 55 CEETHEE 95 C, 2% Emihdk, %
JtsE it PCR 4 3% 76 ABI7300 # 5 it PCR ¥
( Applied Biosystems, 3£ [# ) |47,

PL 10 x # & Hi B 9 cDNA g #6447 5
PCR ¥4, Wil {}: PhHsp22 ,PhDnaJ MM Z W R
N2 o A U0y AR 1B B P ) R AR TE A A % iR
BB B3 A VA7 2 fL. 1 ] Excel 1 SPSS
13.0 HeF 2 a6 S E AT Ge it i, 9 R LA
#7522 (One-Way ANOVA) I i /) ik 25 2= 5+t
1% (LSD) Lu A [ Ko fis 20 18] /9 22 53¢, P < 0. 05 %R
FAEZES B, P <0.01 ZRFAEM & ZE .

2 iR 5Mr

2.1 PhsHsp &K =EE

DLz % 3¢ CL559. Contigl J7 51 # 0>, 38 44
RACE 4" BRI , 3849 — 45K BE 24928 500 bp 1 5'-
A7 41 (] 1-a) Fl— 2524924 400 bp 1 3'-K 35 741
(I 1-b) AR T 25 2K o 1 91 1) o 78 X, (R4 3145 T
— KBy 857 bp WA KIFH], &5t 2K 75 ik
(&l 1-c) 1 Blast [t X, i 1A 2 5 B 24 35 538 1)
HSP22 KM, iy 4}y PhHsp22, %5 € 42 58 2
GenBank (4 22 # (Y555 : KM102540) , i i3 ORF
Finder %X {453 #7 & B, % 5L K7 371 136 ~ 654 A~ fis 5
HSEEEIIIT TR B 1B HE (open reading frame, ORF) , 1]
bt & 172 ANEIERR 7y T 191 ku, S5 HL RN

http : // www. scxuebao. cn



2 4

PR 45 IR BRSNS 1 IR R B (SHSP) 2 X 19 s B % 3 R 45 AT 20

185

5.24 WFE I JF . Predictprotein F2 7 il PhHsp22 Ft
Y 2 11 B R R A B 2 R AR R S R R

bp

2000

1000
750
500

250
100

1 PhsHsp22 3~ 7= 4 B8 ik &

o] i R FEIR AR FE I L 31. 40% #1168. 60%
(K2),

(a) PhHsp22 () 5'-RACE ¥ # 724, (b) PhHsp22 ) 3'-RACE "3 724y, (¢) PhHsp22 &K ¥ 8 7=, (d) PhDnal W) 4K ¥ 1 =
Pro 1 AI2.3 F14 LK S 6 35 o S 0 7 A2
Fig.1 Agarose electrophoresis of RACE or Head to toe products of PhsHsp22

(a)5'-RACE amplification products of PhHsp22,(b)3'-RACE amplification products of PhHsp22,(c)Head to toe amplification products

of PhHsp22,(d)Head to toe amplification products of PhDnaJ. 1 and 2,3 and 4,5 and 6 were biological replicates, respectively

PhHsp22 secondary structure =« «:«:«seseeeeeeeeen

PhHsp22 (KM102540)
MtHspl8. 2 (XP_003608277. 1)
GsHsp20 (XP_005707806. 1)
CcHsp20 (XP_005710590. 1)

MDLFALDLFNPPSAPQRRGRTVDPWGLWRPMTDPSWVQSMSVWQPHSAV
-MSLIP-—SFFGGRR—————SNVFDPFSLDVWDPFKDFS-FPNSALSASSFPQ-—-ENSAFVSTRI
MSSLLP-————————————-FVDFLDPWDVFERASWSLDSDTERPEQTEGKNESNRKRGGRKGWVPRV
MSFLTPYNHHSLFPWGNPFSNDLRTMRRMLDMTESGARSTHTVEPSY

PhHsp22 secondary structure l--- D --------- DN ---DDDDDO --------------- -

PhHsp22 (KM102540)

MtHsp 18. 2 (XP_003608277. 1)
GsHsp20 (XP_005707806. 1)
CcHsp20 (XP_005710590. 1)

PhHsp22 secondary structure

PhHsp22 (KM102540)
MtHspl8. 2 (XP_003608277. 1)
GsHsp20 (XP_005707806. 1)
CcHsp20 (XP_005710590. 1)

SRSDDGKM-LNIRFETPGFSRDRLNIELSDDHTLLTVSGAMRKETPAAD————————— —GDAAAEPG

DWKETPEA-HVFKADLPGLKKEEVKVEIEDDR-VLQISGERNVEKED
EVTEDEQGNLNLDAEVPGVNSENLQLDVREGSLVISGVKRRQTEVTQNQVENDKDEVKRPPAKKSKKD
RYEADGEA-AHFEIETIPGVSKDNLSVEVHDNKLTVRGKRFRRPLIEKKD————DDPAAAKDPAAQNG

....... TR PSSR N SRR (R
AAQRNPWASVEERQFSQSYRLPRDANVEATKADYE-HGVLAISVPTKGAEALPEKRTIATEDKDPAKA
—QWHRVERSSG——KFMRRFRLPENAKMDQVKAAME-NGVLTVTVPKE-EVKKPDVKSIEISG—————
HPYVYSERQYG——KFRRVVKLPKEVDVSKITASCK-DGVLHVFIPVQ-EEASKISVPIEFS—————-
DPAHPGEDPVPSIVYLLEARLPQGANVDATKADHVGDGILNMTIPMV-ADKGTRKIQIEF——-——-—-

2 PhHsp22 EEREBRF NS ERFF L3

IR R85y 9 PhHsp22 3 [0 R~ IX, T 300 4238 3 W o PhHsp22 28 11 () oc-fi {4 45 44 350, PhHsp22 3 11 = 40 45 4 v 119 3 6 A/

54 5.3 3 R R J2= ANER AR E

Fig.2 Multi-alignment of amino acid sequence of PhHsp22

The gray sections show the conserved regions of PhHsp22 ,and the a-crystallin domain is underlined. The ribbons and dots in the secondary

structure of PhHsp22 denote strands and coils, respectively

DA 520 Unigene3238 351y Bl , 753 K )7 41
P R RS P AR T AR ES N
1 600 bpflBEA B (& 1-d) , & safe by G
Fos e L 5 e S 2 DF 45 345 19 Unigene3238 )7 47|
SEA—5, I 4 Blast HLXT, B AL FE N O 15 L3 10
DnaJ 5: I, fir 45y PhDnaJ, % 3 A € 2 52 3|
GenBank 4 7 v (G55 . KM102541) , i35 7

§1 424 1 616 bp ik ORF Finder #1437 & B, %
FERF 51 263 ~ 1 5524~ fid 3 4 5¢ #£ 1) ORF, W] & iy
£ 5 429 NEFEIR 3 A 46. 1 ku, 551 R 6.43
M4 1 fit, Predictprotein & % Tiilll PhDnaJ B 4%
HE I R G PR SR E | R 2 A ER AR Y R
B EL 43 ) 7 S KR R AR Y B 11 19% |
26.11% F11 62.70% (18 3) ,
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P/ I 39 %

PhDnaJ secondary structure
PhDnaj (KM102541)

PyDnaj (AFJ54624. 1)
GsDnaJ (XP_005708535. 1)
CmDnaj (XP_005539549. 1)

MFGGFPGMGGMPGGMPGMGGMPGMRRGPAADT TMLYKTLGVSKDADSGQLKKAYRKLSLKYHPDK—-PG
MFGGFPGMGGMPGGMPGMGGMPGMRRGPAADT TKLYKTLGVSKDADPGQLKKAYRKLSLKYHPDK—-PG

MP: AVHQELYDILGVSADCDQTEIKKAYRRCAKQCHPDRN—PG
——————— MRRDLVLLVLILLVLVPFYSKGVTGRDLYEVLGVSRSADEAETKRAFRKLALQLHPDKNPDDR

PthaJ‘ secondary structure -* P i Pt te ee ee et ee ee ae ee e oy — . ee e
PhDnaj (KM102541) GDEEKFKEITHAFEVLSDDEKRNIYDEYGEEGLSQHQSGGGG——————————" MDPTDVFAAMFGG——-
PyDnaj (AFJ54624.1) GDEEKFKEITHAFEVLSDEEKRNIYDEYGEEGLSQHQSGGGG————————— MDPTDVFAAMFGG———
GsDnaJj (XP_005708535. 1) VDPDLFKKVSHAYEILSDPHKREVYNKYGEEGLHGSGKAGEGQ————————FFEGEDLFGAFFGFSFDG

CnDnaJ (XP_005539549. 1)

PhDnaJ secondary structure
PhDnaj (KM102541)
PyDnaj (AFJ54624. 1)

GAEQRFKEISTAYEILSDREKRHIYDNYGEAGLKAHEGASSAGGAEGHGFFEPFDLFEQFGSVFGGGFRG

———GGGRS———RGPRKGDDVVHRLNVSLNDLYNGRTSKLATVRNRVCSGCNGCGAKDPKLVTTCRSCNGE
——GGGRS——RGPRKGEDVVHRLNVSLNDLYNGRTSKLAIVRNRVCSGCNGCGAKDPKLVTTCRSCNGE

GsDnaJ (XP_005708535. 1) YGDKAENF-——RDVKKGEDIRHTLSVSLEDLYIGKTVNLSIERTVLIDRNNNKGRK-——————CLECEGK
CmDnaJ (XP_005539549. 1) KPRGAHRESAASDLPPGPDLLLVLPVTLTDLYNGAVREVVHRRRVRCPKWFQSCLT-—————TCSACHGR
PhDnaJ secondary structure - --- NN ------- L DR [OOEIEY  [U

PhDnaj (KM102541)
PyDna] (AFJ54624.1)
GsDnaJ (XP_005708535. 1)
CnDnaJ (XP_005539549. 1)

PhDnaJ secondary structure
PhDnaj (KM102541)

PyDnaj (AFJ54624. 1)
GsDnaJj (XP_005708535. 1)
CmDnaj (XP_005539549. 1)

PhDnaJ secondary structure
PhDnaj (KM102541)

PyDnaj (AFJ54624. 1)
GsDnaJ (XP_005708535. 1)
CmDnaj (XP_005539549. 1)

PhDnaJ secondary structure
PhDnaj (KM102541)

PyDnaj (AFJ54624. 1)
GsDnaJ (XP_005708535. 1)
CmDnaj (XP_005539549. 1)

GVKTHHMQIAPGMVQRVQAECNVCGGVGSATAPLDKCTKCGGDKVVKDRKVLEVHIAPGMQSGQKITFTG
GVKIHHMQIAPGMVQRVQAECNVCGGVGSSISPLDKCVKCNGDKVVKDRKVLEVHIAPGMQSGQKITFTG
GFVTTSRYIGFGVSQRWKSRCKICGGYGQLFR———————————TKKERKVLQVNIERGMEDKEEIRFEE

EANDN-PGLVPGDVVVILEQTEHPSFVRKGSN-———-LIMVKEISLVDALCGVSFTVQQLDGRFLHIQSA
EANDN-PGLVPGDVVVILEQTEHPTFVRKGSN-———-LIMVKEISLVDALCGVSFTVQQLDGRFLHIQSP
MADETSPYIKPGDLIVVLEQKPHSYFYRVKGD—————LYIELSISLAEAIGGFELPIETLDRRILLIRNE
EGDEG-PGTSAGNVYFILQSEPHPYFWREASAGRSLDLHMNLSITLREAMMGFERVVKHLDGHDVRISNG

PGATIKPDSIKSVPNEGMPTWKRPYDK——————GYLFVRFKVNFP——TNVSARQAHALVAVLG——PQTRP
PGATIKPDSIKSVPNEGMPTWKRPYDK——————GYLFVRFKVNFP-——TNINARQAHALVSVLG——PRTPP
PGTIIHPNMQKRI THEGMPFKASPNER——————GDLTVQFKVVFPPDHSISEEACARLRVLLPGIPRSSQ
SADILATGDTLRIPGEGMPSRVAPNEASGRVPYGELLVHVRVLMPSRSALGSELLQRIASLLP—————-

DAPPDGFEVEECPLLDFSEEHARQTANGGEAYDEDDGEEGRPRVQCAQS
DAPPDGFEVEECPLLDFSEEHARQTQNGGEAYDEDDGEDGRPRVQCAQQ
VQVDADRIVQVAVCKKMNDRQETFANKEQPSFSKKSEKSKREDTFCVVQ
—————————— TEQAKYNSDVDRVWETRGRQSPASSNRTASRPHDEL———

B3 PhDna] ERREBRFIMNESEFILX

7’“@[3)%?;2 #8432 PhDnal 2 [ 19 3 A PR ST B9 2544 38, #2007 23590 24 g N 3 i) Dnal 55 4380, o [a] #9535 2 Db 2 BR 45 #y 3 (CR) #1 C R

g,

5Ky (CTD) , FRIZ A3 7 CR 4
);‘F’zﬂl%v{km’r@

LI 4 4~ CxxCxGxG 37, PhDnal B [ K50 1 (10 1 Sk , B w5 RN B 8 40 57l 32 7 I3

Fig.3 Multi-alignment of amino acid sequence of PhDnaJ

The gray sections show the three conserved domains of PhDnaJ, which was DnaJ domain of N terminal, CR domain and CTD domain,

respectively ,and the four repeats of CxxCxGxG motif of CR domain are underlined. The arrowheads, ribbons and dots in the secondary

structure of PhDnaJ denote helices, strands and coils, respectively

2.2 PhsHsp22 W Z FHILE X R Z K& 5
PhHsp22 5 [ 2 HL 02 7 4 (1) 2 5 )7 5] L X 45
REWIATF YTy sHSP 2 AL 1R 7 41 N i { ¥ P4
A& 2%, C i W g FEORSF L, AL & — A A-dh R 451
I8, ( A-crystallin domain, ACD) , ACD ®] 43 i, 2 4>

X, 2 AU I 2 A B A5 19 B I & il

W B-= WA (18 2) .

PhDnal [ 2 5 12 5 5] () 2 8 7 51 Fb X 45
RBYIHALE 3 ADORSF X, HUF 235104 N i 1)
Dnal Z5F38, A 19 &4 4 1> CxxCxGxG L7 Y
B P e R 457 B (CR) Al C R 3 45 74 48 ( C
terminal domain,CTD) (¥ 3) ,
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2.3 PhsHsp R ZH UL DT

N itk— 2553 #r PhHsp22 A PhDnal 25 [ ) R 48
PG F , MR GenBank 40 J7E b 23 A ) E 1 ¥
NG A= R W) A O HE R R R T 4, i i
MEGA 5.0 &% % ] Neighbor-Joining ( NJ) 3% 43 5l
Fy%t 7 PhHsp22 1 PhDnal 5 [ 1) & Gt AL B (14
4,85) . bR o, PhHsp22 i R GE AL 73

100

W 32, Hide PhHsp22 fil[] J& F 4080 11 Galdieria
sulphuraria [¥) sHSP IR Sy — 37 11 J& T 1 i 4%
B = S AE Y sHsp R A ) b — L (K 4),
PhDnal 5 [ 1 5 Gt #E A0 4% 43 o W1 8 0 95 3¢, He
55— JMI%E — 2K Dnal 3 RN — 3,55 =K Dnal
My — 3, PhDnal 2 H 1Y &R gLk R A
TG 0] e T4 —JE (I S5) .

Arabidopsis thaliana (AEC08261.1)

76

Oryza sativa (ABY52935.1)

89 100

Ectocarpus siliculosus (CBJ31752.1)

Fucus serratus (ACF06187.1)

33

Cyanidioschyzon merolae (XP 005534843.1)

Cyanobium sp. PCC 7001 (WP 006911067.1)

100 Synechococcus sp. WH 5701 (WP 006173114.1)

Synechocysyis sp. PCC 6803 (NP 440316.1)

53

Galdieria sulphuraria (XP 005707806.1)
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Fig.4 Phylogenetic tree constructed with PhHsp22 amino acid sequences by the NJ method

Cyanidioschyzon merolae (XP 005539549.1) 7

56
Galdieria sulphuraria (XP 005708535.1)
100
Ostreococcus tauri (CAL 54216.1) o
the first category
100 |—Pyropia haitanensis (KM 102541)
30 LPyropia yezoensis (AFJ 54624.1) J
21| 24 -Brachypodium distachyon (XP 003569052.1)
100 £Triricum aestivum (AHM 24949.1) . e
0 99 Arabidopsis thaliana (AEE 85492.1) the second category
Batltycoccus prasinos (XP 007511104.1) J
Ectocarpus siliculosus (CBN 77162.1) N
_ o5 ,—Cucumis sativus (XP 004147113.1) . %E%@
100 L Malus domestica (XP 008389267.1) the third category
Nannochloropsis gaditana (EWM 25696.1)
0.1

5 RANIEETEERFYIHER PhDna) B RS # K
Fig.5 Phylogenetic tree constructed with PhDnaJ amino acid sequences by the NJ method
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Fig.6 The relative expression levels of PhHsp22(a)and PhDnaJ(b)in different time of high temperature stress

Bar of each column with different small letters mean significant difference( P <0.05)

80 r d
70 t
60 |
50
40 t
30
L c
20 f bf
10F b D b ﬁ
NEMEAEAEAERNEN=NEE
0 15 30 45 60 75 90 HiK
KIKE | %

water loss

(a)

RSB EN

relative experience level of PhHsp22

E
%16- .
o 14t il
=}
HS 127
R TI d
®3
w5 8r
ZE 6l e
= b
o 4T b b
RNl
<
E 0 D.‘j. L L L L L \
0 15 30 45 60 75 90 &K
RIKE %

water loss

(b)

7 ANREKRKZEEMBFZMET PhHsp22(a) # PhDnaJ(b) B8 Xt R ik K F

AN FLAT AR ) T E A 0 B3 ) A e 3 4k 2% S (P < 0..05)
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Cloning and expression analysis of two small heat shock protein( sHsp)
genes from Pyropia haitanensis

CHEN Yuting, XU Yan, JI Dehua, CHEN Changsheng, XIE Chaotian "
(College of Fisheries,Jimei University ,Xiamen 361021 ,China)

Abstract: Small heat shock proteins ( sHsp) , representing an important molecular chaperone in eukaryotic
cells,play important roles not only in a variety of stress responses, but also in development and signal
transduction of normal cell. In this study, based on unigene sequences which were obtained from whole
transcriptome sequencing of Pyropia haitanensis, two full-length sHSP genes were obtained by rapid
amplification of cDNA ends ( RACE) or direct PCR, which named PhHsp22 and PhDnaJ. The full-length
cDNA of the PhHsp22 gene comprised 857 nucleotides and contained an open reading frame of 519 bp
(GenBank accession: KM102540 ) , encoding a protein of 172 amino acid residues with the predicted
molecular weight of 19.1 ku and theoretical isoelectric point of 5. 24 ;the full-length cDNA of the PhDnaJ
gene comprised 1 616 nucleotides and contained an open reading frame of 1 290 bp ( GenBank accession:
KM102541) ,encoding a protein of 429 amino acid residues with the predicted molecular weight of 46. 1 ku
and theoretical isoelectric point of 6. 43. On the basis of conserved motifs and phylogenetic tree analysis,
PhDnal belongs to the subfamily of Hsp40. The expressions of the two genes, as measured by real-time
quantitative PCR, were significantly induced by high-temperature stress and desiccation stress, and had
identical expression patterns:during high-temperature and desiccation stress,the expression levels of the two
genes all significantly increased firstly and then decreased. These results suggested that the expressions of
PhHsp22 and PhDnaJ genes are feedback regulated by high-temperature and desiccation stresses.

Key words: Pyropia haitanensis; small heat shock proteins; RACE; real-time quantitative PCR
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