X



_ | /) Y
un
‘ ”~

GLg'L; f*’b oM'é

olid g0y ,S

(,_;'*:53:-3 ui'-’-‘;)

Artemia urmiana 3 :.s 1 g, b5 le Sl gas pun 53 Shes )

SI5 9 s sl Sy Sl eslaal

15

bw./' LS o md odaw

: Lazaly st

sorbe pu L2, S5

:JJL:LO J,.S'Ln‘

o A Lowe 2SS
o .:J‘I,, L xr ragh

7785 O 553

(YA 5 ,05)

| yfvory |




b 9 pl ot (Bie Culg o

s AT (S 32 53 & kS

e 9 (I Sledl (2 ugldl e 0k

Caxe § (295 OF K0 (Sbyd (PN

4 i

s SLl G 9 e o 32 457 (Gl cqus Loy 370 SBT Qlicr ol 2 9 5195 5 32 cohiandia LI Sliast

S gol

G918 3 b Oladle _colod 4 o




Sy Q}p 'cug

J:..’.;:g_g&gﬁ‘;}lUbTﬁEJ&f@chﬁ&;&ad{b;lajhm‘qk;))ec,_a_lgj_pc\fb TP NESIRW I
x_...ndi‘)sjrﬁ:licﬁtbC).}f@ﬁd)&&-}ﬁi—c[){){;ﬁj&.ﬁ}\?A;QJAagﬁ&ﬁj})&dﬁj(;u‘)ﬁ.rdui.

S 5 a5 IS DLt ST 53 420 ol & G5 (s S5 or s Slalgmess o S 5

}()aﬁwgwqwdaué,.ggu&wb,u;?acu,bu‘,‘s.b,u;r,La,;s.sélsn,:t?‘fm,-,s‘swb;u,-t
.b,.;u;;;,,@at.q,;,u);bgw;,rtn;;l;,wig(.;ub.u,m

Ll r] wob r‘ Ay (-\:_u'l 3 41..9?;}:@ (.6)‘)?)}3 Sulg _)Ddfj_.ﬁ.?.l.gujf.’ LgETul} (.rk}& J‘:.....: aline skt 5t
-":‘{g_;'_)g‘i".dl"‘.‘“p

05 (o0 G308 iy 05 S &BT o cptiazyl 5 sbie kot Collall i

S g Sl g e glataly bl (651 By 573 @35 I 5 5 e Boleo 5575 GBT Gl 63l 0 A5 ALt 5
el Rl L

.(a)b bﬁﬂdl&f&lﬁoo&_})“sh&t&ﬁb}AJL»_)‘_sJ_’bwjd}:.;J.lanu;«o-Jf:r.;\;-)\ffn_)‘sj__}_,r‘fa(_gﬁ-rg.ft?j‘
Cﬁ\gjde)_,ba‘d_’b)b Ol s (sl @Wb}\b“}\&gb‘ik [y ‘SGTLTJt? (5;53 o_)_’b)\ﬁ))‘g Sazeiils 5
et Rl

rdege BT Ll (Pulin S5 BT Ol 2o S cab— M g Slrd S5 (BT Sl (-_)Jijljf Lilat Solasy St
ALl il g Ly kg (SBT Ol cObdasma jL331 275 (ST Gl (b5 4y 5 7573 SBT Gl cgtmn 575 (BT Ll ¢ JasT
.PSL;-@':JJS‘;AWC..N‘_}eJ;(Pu

" SRl 0L (sla laaly 5 s 88T ala bl olitile 57 ol (g5 g ol 0uSCiils stiud ¢ gasm bt Loy 1575 BT o I
05 s (3L ST (ghant by . S. Clegg  4ud 5 (56T Lol i

TSLS. LS;bJ"G Llaeo J'&)&A}uﬂa'}w}b @“‘)fl:ﬁtss—’—‘(‘}l}" Sy S
.(,Uia\;.,auiu&J,bt;g_@Lsa,w‘sm,\:;j,ﬁbggursuup,@v;tw.,bp‘suwm,-a
.‘..'{‘5-;_".76.1:;‘}()1{1\3‘63:‘.&QVSBJK}«:LG&@C.«J_}Q’;(F olabts 157 5

aal (Solga A:E.G LLSSL-j e gJ>J._.."u f;‘ whsls olii::‘ Lo (34 L ol Lfl"l? 3\.:! la r.;b'- UP S fﬁ_,ﬁ Obss 5
3 0BT Ll (ol i e cms S 03 0 ¢ ols plghl €305 125 5Ug o 05k 185 ¢ oy D5 conls i Lyl ¢ guls
o@ib_ﬂ'): r.v_‘? Olzﬂjﬁﬁl—ﬂ (4:....:)'_} Lf"JLLP ‘&E(J‘_’;f cdi}?w“;ﬁ;w!m L‘_sl:li blflfc‘s),i';"):.o-ob_lﬂ

S egle S 7 o83 53 5250 Ol s 359 655 5 oo ¢ S (5000 58 S s ey o K5 0 55 (5l

g

o




s g

Ol e

b oS

PN

BI55 § i s Jof fad

L3, T V-1

gl (s 0511

S L) 4 Y1

15 03— hiKas J2e 57 1-Y-1-1
S35 Je a5 Y=Y

oSS ot pe Y=Y

et dal s 50 LT ol 51, Y-

I S PRCI L B B

LT g sl s 30 Jale Y-

& 55 Sl 65 55 slr 555 VY-
P26 (s pd 5 9 5 1=V-Y=)

Lai, T i (sl 45,8 53 P26 avsliad—1-1-Y-)
s S0 (t8 (55 5 ile 5 P26 Al Y-1-1-Y-Y
P265 Shes ¥-1-1-Y-)

P26 & >tge F-1-A Y-

ATHSP21 o 2ol o5 5 Y=1=Y=)
ArHsp21 5 Stas V-¥-1-Y-)

oY o ol 5 1 Y=Y

ool 3 Shes 1-Y=Y-)

S0 05 ¥oY—)

D26 550 o7 ¢Koalen S las \-Y-Y-1
o 42 g3 F-Y-3

gy 3 ,Sas 5 sl \-F-Y-)

OoR AT

i T 3 V-1

LT 2% 5 omeisT Al Y11

590 S 2558 Gk bl -




™
Yy
¥
\n4

3

Y4

!

¥
r
P
¥F
¥F
PF
£F
\t4
2
FY
FA
i
¥4

oy
[}
oY
oy
oy

5 2556 QL 3 50gs 53 1 09 5l eslizad 5 s, 56 (slads V=)
SIS (515 VNP

GroEL- GroES 55, 1-1\-\-f-\

GroEL 3,2 e S5bela, —dlait (6l dl- e 55 r_ﬁ;&. Y-1-1-F—y
b s S— 0 Y=3-1-F-)

Iz Sl ) gl g, Y-F-)

S 35556 Olakily gy o 1-Y—F)

59 poS (oo p Y-Y-F0

S 039 Ooglite (Slgam 9o Jsb 55 (ot o)y 9l Solalllas V- Y-Y-F-)
25 G Y=Y=Y=F)

T YA

b (5995 9 2lg0:p9d Jud

Sl 5 u‘w_;l?,gj{,n o3l ga=t-Y

Lea&ams V-1 -Y

o2 bas 5lga Y=V Y

la oS 5 ba 2la Y=Y

b 63l (5T 5 lautansdly clo o 5T F-Y

S r,:;Lf,l,Ji,. B-\~Y

blaygl baiy T3 e 3T padind 5 2t ol Y=Y

3955 A5 B ST b =l g o 53 s L ¥

sl S 5T 65, 1YY

0,8 Ol 23 (g5 55, Y-YY

K3 g gl P

Oy e toct. 6-Y

Sosd s \-0-Y

35535 oy Y-0-Y

UV G2 5huepil 6587 05T Clle (5,8 ol Y-0-

S35 b K593 Slalllas S-¥

13 ity 58 46 aladthaa VY

ol il sl Ooladllan A-Y

G051 05 0L stes (5510 5 Objen 53 omaiyT 0 6K fIS" Y




oY
of
) g
oo
b¥
ov
oY

oy

73
7Y
7Y
Y

7Y
Y
7¥
7¥
41

76

7Y
A
7
\A

v

J;u,c,,,:ﬂojrm 1—4-¥

58T 5 55500 AU Y-

58T 55 2 7T pein O g | Szl ¥-4-Y

Sl S 0553 i, T 05 (8 b F-4-Y

Obsee 4 oS 555 J56 St 6-4-¥

3l sl i ST P-9-Y

bie Gl Oli5e 4 S 558 36 JUst V-4-Y

Ly ol ezl A-8-Y

& SIS 7 s 44

APy WRTER |

o 65 3 sk glyiomn g WY

w5 S5 O s padss WYY

(ol €5 45 o) (ad ;T oS 0Ly (6,5 L ol Caeglin LT AV
el S b (o VY

bl 6K ,8 o 5T Cls s V-1 F-Y

PSS w7 STy o 5T b on Y1 FY

HRP,CA ous b, ¥-\F-Y

HRP,CA o o FVEY

o5 HRP 5 CA sae L;/.)JJ?“U O-1F-Y

G B 2y b gl €S0 5 00 5T sdomn (o, 575 o5 PV E-Y
S 304 8 g (e A B9 e i 10X

b Oy o LOT duslie 5 6)55 oy 4 51 ol s oot (s \P-Y
b Oy pz gl s 5eei)T (Glasdn (o) WW-Y

055 W et sl b a5, TC (slgl aakis (sla (2SSl gy 0 VA-Y
O A P el sl e ol 5 alie VOY

@ pgw Jab

blapgl Loy T 31 a1 s 5l el V-

bl s @l Bl 5o i, TY-Y

S93 oles 65y 55 Solalllaa Yur

Calies o PH 55 55 5 (515 il g6 Cad ooy 0 £V

bt G PH ;s 555 2ol el Cab ) 0-Y




las Cjgd

vY

\¢4

YA
va

M
AY
AF
Ad

AY

A4
aY

47
aA
VoY
V-f
Vo7

AEA4

0555 53 GeaisT 05884l Y

S 7 5 o 0L V=Y

i g gu A-Y

S P 5B padss AT

S 5 G Gl Sl Y

STy s o5 556 60y 1S 55 s T N

ISy 5 5l 50 ST mams oulsily STy e )T BB YT
S 5 5legil €K 8 sudorn (35556 (55 1 metsT AT
s 18 SIS Lo 5 515060 S S 00 5T o 835556 gy 0 VEY
o O b 5 a1 (Ghasded (g )0

SIS 904 3 (e ey g e P

G35 a0 % oF g (e B e S IV-T

il 55 St (Gl 5a T YO ks Cond g oan ) o VPV

b (5 G o2zl b 555 5 oeaiT (62,8008 Sl gy 2 VY
S ipsler Jad

ot 31 53T (65 (5l g 2 3 s ] el V—F

i1 S S gy Y-F

OT 0331 b (o) 5 S90S 3 3 Olioe 5> Lloayal Loy T 05, 03 Ol 5 K 87 ¥F
052 e T aeslin 5 0T 5 Shas 53 mad )T (slgsl 2E gy 2 F-F
Oolslgiy 0-F

b




$255 5 278 s J2a, o eslinud & Artemia urmiana 3\ o ,{ 6,05l Sl gas s 5 3 Shes oy

OLSALY oy yov 0w

o>

Congliio ool 1 ik 39 (o0 OloF 457 Abd (0 OLES 395 31 Jruome g (S (o Rl &) S (6 b 23 Cwogliio Glas 9/ Lo s T 510 diwngy opuicr
TAY Ol 4 palin Folo g™ YY opulig ool 0510 39275 Cpaed s T 2390 38 (5Nl SleMbl .l oo 5T ply g 3 8929 bty 59T caal
SeiawlgianT (MoF Bl 31 cpaed 5T .l ol ouarliin SISl (053 Jo1h0 plo 58 9 A0 o0 S5 1 i Jolw 38 Jglone (5 o9 9 51
Gl Ologiass s 3 oy 3T (oSS 3y 1001 dedlian oyl 58 oAbl (o0 BT OLES™ 0 5D pulg 39 457 310 iy )3 b 1y Sl o9 il
Y (ol ol .o 515 axlllan 2590 OT (62 oe Sluoguas w13 5 w3 52 (il sl g CD) (3 9%wg yiaml Sildlan b 5T
STPle Rl 5 a5 1L Duw 4 STB 4230 Y+ 38 OgauligTl (Mg pauigeT b (S Wawy (395 4 OT Laddd Ol (ulig 51 ool
P55 D350 4 Bues oud (s paed sTand (0 OS5 oLt yd g (alat tulyd 58 SDS-PAGE 3367 .0 5 cald b sly U g a8
8390 (o3 3T 590 pus § 3955 30 (Qleud 15k 4 o b yé (HRP) (o055 4095 5lassly 5 (CA) 3t s 7 moasd .adly (0
BB AR o0 bl grel (BB slEe 4 1y 035765 T 50 b meod Ol cound T 457 18 OIS oo T Cuwy gl Lo 51,5 b5t
Sz OlgF B 4 iy T 457 ol 573 4 £3Y G008 (0 (o133 Call 4 diulg LB, <0 98 1) g8 (S T duom (F93956 Glime
0357 2l b dwlio 55 O slin 457 WS 57 drslone 55 (39 51 Ptk At sdn el Sl 858 pazmio ol L6 (S O3 i (aled Olio 30
5 555 (9 3 Olgixy Rosetta 3 BL21 g 93 E. coliyo 9 00,7 Ogls” pET28a 53579 09959 c3und )T €DNA Ly .hdly o0 Skt by
8 Sloe w23l 9 SDS-PAGE Lusgs (pu03 5T Ot A 31 (g oAb (ol YU (o985 b led (B1,5755009,5" (35 b § Ol ittt ULid b
i 5 1B ouils” Slaked 50 (Jolr eh Cod oud pigduiS Sl ST sgtike e WSS LS (ownp Qg0 8 P (g
25k onei )T .5 513 351 9590 035560 luwus g 3T (F33556 Olsen dn-vitro 35 30331 (9 pr Clld w) ) S Cpiceed
in- OWitae bl y 018 o138 55 15 05956 @ 3T & 03956 Sleily 9 W2 7 oul Py F (5 L S Jolw (1R S 5T g (§ pKoiis
o1 C (Slanl (Slat Fuiod ol 51500 idu 40 .55 w0 Joo (JeSho (35 3 &0 Olgins cyued 3T 457 33 5° 0 (5,57 domy® In-vitro g vivo
4B o (K63 (Sl 5 (SI90d Slddign Wl .S 4rgl 1941 0l uy 2 [E£] (S BaR0T 30 47 (S5kw dug ST 9 B (S St 50
39 Bl Sag (b 1) 295 olOler 4l ol 457 Wi 0 Slgiily ol (S3lw diug 9 (210l S S0 30 Ty (St Cuowd ylw § C-terminal
50 sobiiny cpzmad Cawl oud bt Cuslio D589 0un Tuma y gl aedsT C-terminal s 457 wa 5 acde 0gdlny oo™ 0 L
A & Sy 3 (T gl 087 el Oty 3 (St H 9 L (51 ooy 8 9 0B 5T (HoT oot (ST dmliio s 5 9 ool 5T (50 yChoe Coglis

WS oo 4 g3 1) Ol d ylos DIGET 45T il 4B S oyand 5T 0 (Al BT b (STlo 55 457 Iy o 35 38 oud bl 4o

O Ty gl 9l (PRl Gt TPt 91TK0 50955 B 4102 W9 453000y TS tal” SHlals”




Functional and structural investigation of artemin from Artemia urmiana
by experimental and theoretical methods

S. Shirin Shahangian

Abstract

Encysted embryos of Arfemia urmiana are exceptionally resistant to severe environmental stress which is thought to
depend in part on the existance of a protein termed artemin. There is only little information about it. This thermostable
27kDa protein comprises about 12 % of the soluble cellular protein, but it has not been detected in other life cycle stages.
According to the amino acid sequence, artemin shares highest similarity with ferritin, which is a major iron-storage
protein. In the present study, after purification, structural properties were analyzed by fluorescence and CD
spectroscopy. Moreover, some functional characterization of artemin from A. urmiana were carried out at first. Tts high
thermal stability allowed its purification using ammonium sulfate fractionation followed by incubation at 70°C for 14min
and ion-exchange chromatography. The purified artemin was present primarily in the oligomeric form with litile amount
of monomer, based on reducing and nonreducing SDS-PAGE. The aggregation of chemically denatured Carbonic
anhydrase (CA) and Horseradish Peroxidase (HRP) was evaluated in the presence and absence of artemin. The data
indicate that artemin reduces the extent of both denatured enzyme aggregation significantly in both CA and HRP. Also,
it enhances the efficiency of refolding and activity recovery of HRP and CA in a concentration- dependant manner. It’s
necessary to mention that the chaperoning potency of artemin is really unique among all chaperones have been studied
sofar. The protein surface hydrophobicity index was calculated demonstrating exceptional value compared to other
chaperones. In second round, artemin cDNA was sub-cloned in pET28a and expressed in two E. coli strains BL21 and
Rosetta as a His-tag fusion protein and purified to homogeneity using affinity chromatography. The purified protein
subsequently was confirmed by SDS-PAGE and dot blotting and the functionality of the recombinant protein was
studied. For this purpose, the transformants were subjected to heat shock treatment at lethal temperatures. Also to
investigate the artemin chaperoning activity in vifro, the refolding of chemically denatured horse radish peroxidase was
monitored. Artemin significantly promoted survival of transformed bacterial cells upon exposure to thermal stress and
also enhanced the efficiency of refolding and activity recovery of denatured horse radish peroxidase as well. Based on
these in vivo and in vitro studies, it can be concluded that artemin acts as a molecular chaperone. In another part of this
study, remaining of artemin extra C-terminal was confirmed. Our investigations showed that there are comparable
numbers of H-bonds and salt bridges between the C-terminal region and other parts of artemin in both initial and
refined models, suggesting that this terminal did not loose its location during the refinement process. This study also
revealed that the artemin C-terminal segment is surrounded by a desirable hydrophobic microenvironment that justifies
the location of the termina sequence comparative analysis between artemin and some of mammalian L and H ferritins
was performed to understand their functional differences. It was concluded that three conserved regions in ferritins,

cooperating in iron-interaction, have been substantially changed in artemin that can justify their functional differences.

Keywords: Artemin, Chaperone, Aggregation, Protein surface hydrophobicity, Thermotolerance, Ferritin
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Phylum: Arthropoda
Subphylum: Crustacea
Class: Branchiopoda
Family: Artemidae
Genus: Artemia

Species:  Parthenogenetica
Fransiscana
Persimilis
Sinica
Salina
Urmiana
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1 - Ovoviviparous development
2 - Shell gland

3 - Nauplii

4 - Oviparous development
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1-Cyst
2 - Diapause
3 - Gastrula
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1 - Cleavage

2 - Diapause- destined embryos
3 - Stress proteins

4 - Artemin

5 - Trehalose
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1 - Anoxia

2 - Quiscence
3 - turnover
4 - hatch
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