[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

SR ROy S E PRPPPIC I
1392 &l:..‘a'ls 3 )Le ‘1 3)‘.«.:4 c4 g)}}

3590l (Fil Sl 2 el 9 peds” (538 SO ST

3 . . *2 . . 1 (e - .
dalgd g yud ¢« saalw ua Loy F(g pw dld JSaay dalg e

Ol 3l ols Slaos 5 p5ke JLisls ol psle oSl e s 055 ek s A3 lays-1
Ol DL e mote S 3 o251 ¢t 3 pske 0uSLEIS ok sy 098 gk s sLuil> =2

Q.ﬁ\“ﬂj@ﬁ guw)u\ﬁs;ﬁ);A&Z.Jg%_}rﬁnmbgwﬁa}ﬁgwﬁib\':g

Oyl Ol 14115-175 _ooyus™

sajedi_r@modares.ac.ir
(9204117 : = .3 Q112127 s =i )

ssbo iy ki oo aUls & ol Dl Ul sl 5l 1 s 5 5 bl S5 53l — 0SS
Sz o a4y Lacp aS IS S s 15 (CDS) oy S sl 5 OV sk canal s ile
(Mmoo ol (S ol gmio gladyl 5 3 S IO RGN g W VS UL N e
S oMl K5 Ca¥ s lady il slac e 15 S eslinal 015 o 3lussls 5 oS
S Gl Gl o n el O 5 5 e eSO 48 35 25020 65 °C (sles 53 o 5
LalS Gl sdnl (slad s ciles (slaclale 4 ool ol jaseiie i U ooy bl 135 e
5 oelS Sl 355 5 a3 s i bl s bt s g e e Tl LI
355 4 o eeelS O V50 e 10 51 laclale s S0 el Ao s & A ) 2 el
3554 S (S i SRl Slama Sl do s Y ge e D ke s bl cils 2alS g
W on) 39 4 S ol O SVgo e D 5 1 glaclale 53 Silama Jltle o ol 0L O
JosS oy Rl ety O Ve Joe 10 Clale s scils talS Ve Je 10 e 55 5 5l
O 3 B GBS 555 5 5 5a 53 S e Sl oy Sl A ek O 58 4 L
S Ble 3 oIS 0 DL 6 8 i) (555280 e U > S ) 5 e,
59 el Oz o35 gm Dl (28 e W pn Jon 10l o 5 8l e Ve e B 5 1
B L Gl e oS Sl @l a5 e 085 e Dbl QLB o B (gtas
3 peedlS SUS L S s s OLES (Ssls o 5 sla sl amlome 2505 5ol L 4 bosi e

W (AS" (2005) S5 215 (AT (2008) ST 5 4 opley (S5l

K 5Ca% 555 ol s « 5ol ol Dol S5l 1B 319 wuls”


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 &l:..‘a.ls 3 )Le cl EJM c4 EJJA

SR Oy S E ERPPPIC I

Al aS A e OLES L= W s 0
PRGN O W VLI S P PPN PEY (/R
O 5 SIS il 5 (2 D-(1,6) - 5 0-D-(1,4)
0-D-(1,6) L— 0-D-(1,4) «@-D-(1,3) «— a-D-(1,4)
35 B oliS Hles S ST RUNCE JORBLY ¢
S5l 0SB L] Dl W sl gl s, 8Ll 5 -
, Bacillus subtilis, 1sle cilises slags S 51 3Dl

Bacillus stearothermophilus, Thermus sp. IM6501
b Ko oL st =t 5 Bacillus sp.WPD616

e 3 sl Gal 48 ol Sl s
5 Sl S 3 sslial 3550 Slag T sl S5
Geobacillussp. L e 5 4,5 31 el S5 53k Vﬂij
3 0SS oS bl S5l b 4 oo GHE
S ol Sk el Sl i il
ol s sl ol Sl ol s nl o2 s
e O 53 A s [I1-0) 02 ) 0T 5 S

RO N e -2 Jv-3 N PRy POPURp

by w9y 9 g0 -2

3lg0 -1-2

(DNS) ol Sllos 2553 5 53 e 2S5k B
{(Sigma, St. Louis, MO.USA) LX—. =S, &
(Bio Basic INC. Canada) s 3 3l -pusllls
ZJJKT Ni-NTA (Vivantis, USA) Vivantis ;| IPTG!
oS % 5l Jgslae! (Hilden, Germany) o3-S
(gt Ol {(Applichem, Germany) Applichem
slge 5 KCICaCly NaH,POy oLl ol = o

5 el ST ale el b ST L J5 4 () edoslizad

1. Isopropyl-beta-D-thio galactopyranoside
2. Ni-NT Agarose

16

doio -1
S les S il gl (65 51 ol e analis
ol 558 5l (6 ary b ol 03 SlaeniilS
o 0-D-(1,6) L a-D-(1,4) (s 555S slakisn L &S
5y 53 =S5 slam B[]l sas Jos o
13 o3l 5L5) a0 ool st 5l 2y car s LS
L Dlal S5 sle [2] ol (L35 3 SIS
a1 5l 255 55 (MAases, EC 3.2.1.133)
el ole i i 2SS ULy oS WIS sl
[3A4] 505 1, (CDs) ey 2S5 sl 5 OV 5k cazaalis
53 A 5SS Glad g iy L dlal e S
L sl S35 e s o | 4l (slad iS50
ol Rl S o W 55l 5 SIS 5 ss  1,CD
355 Lapa T ol i o ool oLl S5 5l
2 0D 3558 il gla STy x5 Kl ke
5SS Al e lie ey lad S5 52
el gy B L 1 5alST 5 Samsln 5585
oLl 0-D-(1,6) 5 a-D-(1,4) w-D-(1,3) (3 5SS
31 ok SIS 53 Ol g5 e L 55T ol 31 ins a
(s e gl s il o sladl b
5 Gm s o alPU mles el 3 sl s S
Joe 5mN s bl S5 le 3 S aslizal (g3l ls
490 550 >) Il 5-C 5 (easbe 3L 130 550 >)
5 Sl bl s ails BLsl s (sl 3L
Ll S S laosle i L oJled oKl 0330 Gaos
23 sl o sl e by S K1l 5 CDs
Lo dlal S5l 00,8 51,3 La T nl e e
@D (5SS e s oS s g R BB
2551 0-D-(1,6) (5SS slaki sy 4 i (1,4)

L slize gla S5 s dlapdlel So5530 [8 - 5]


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q'J\Sﬁh;dﬂﬁ\i&)dbﬁ

e Sl 2 el S (5 S0 S

L SDS-PAGE .._i sslizsl 5,1kl 0l sis &5 (BSA)
5 bl Bl s s s 12 el S1 L J5 51 eslinad
slaiy 5 s el [14] Laemmli 2y, ool -

L alh T wle S el K, SaS 4 s

ol i Fgiilo b o -4-2

Bernfeld 25, 5l 3ohsl Ss5 sl b i (gl
Sl 3L e eslizad (glad sloes [15.16] i eslizal

p Sl Ly J e pH 6/0 L S0 MM
-l 35 51001 gr) esbe i Olsie 4 as ;3 1 (R-CD)
B0 °C slas 53 i ol LTI s oy 285 IS
Jsdoes o do 5ol s @ pag 5l Jgloms (42 |
3 sl a3 S b s 61 ol DNS
33 e 45 Sla0 S an A LSl L 4 oy 3T sk
el L el wges e, 100 Il 0 23T (gladd
SO0 HI s Loy Jasl 3 L5 B0 P om0 3L,
oLl i3 5 5 ey 3Ll Lol 4 (B-CD) osle iy
100 JI c Slss Jol 55 Olan L 60 C (slas 55 215
5543 D Ladyd s A 03553 Laal ) 4 DNS J loes
ST Mo s 5l ey 5 8.8 3 o ol
Laol oo 033 ptts 3l g o 6Ll LaOT & ads

L QJJ‘F ML:: M}NJJ‘JJ‘)) c540 nm C)_A J}k e

S g (o ) Ol L pé ) 9-5-2

S8 Sbog Vb Ghedild 58 m $T pdb
5 e 31 e s SOl ML e Sl
65 55 5 g PHOI0 L e ol ul 50 MM 5L
s 3 ik Sl gladobs Lol S ol ax s
CaCl, 5 KCl slas 10 mM 55 1 clac ble

E;\Muaﬁ.m@'@@wumj&;m

17

Merck, ) o o &S 5 5 35 (APS) Sl s o o sal

A& sl 5 4 (Darmstadt, Germany

Aoy 9 B i 519 o -2-2
O 0l 5 el S350 03 Sl o ol w5 L
[12] s el oty 23 53 (S 0lS5 0 OLjee U
s IS AS 05 slols PET28a ol 3 Jrasis cpl 3
slaa s E. coli 5l 5 a3 S esli ol MAase o 5
03,51 S 4y ¢l = w3 5 4 BL21(DE3) , DH5a

LA el JJ}A&)%Q%{)MJ}S}

9L AL i (Johe Slgom 4gi 9 Olw-3-2

o Sl eSS ey sl slag SL o S
30pg/MI s LU s LB S laes 2 e B
ks 250 rpm 55 b sl S Sl w53 37 s il
At 200 w038 Ay (5L A o 2 e A2
il 316 5 esls JUSH s LU (lyls LB S Jasea
s askes ol S sl 45337 ;50/6 550> 4 ODgoo
AmM L Lg el LIPTG 055580 b al= 0 ol 3l s
olas ol Sl 45330 55 cele 6 ciS Lo
o W (slacs 5L O gpslins s O OLL Sl g A
Sanis ol ol S sl 554 55000 rpm s 4235 20
oS 3 3L 035381 b sl s @ (5 ,SL gy LS
3 0l g 5 el O il g DI
=0 gl i sladshe 5o Sl Sl ey 238
5 es A S5 s 05 Ol PTGl
ST S Ot Sheslizad b Ll 31 S5k S
G s Chls A bl S5 s
S35 p e sl 5l 5 s ~Se3l0l [13] Bradford


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 &l:..‘a.ls 3 )Le cl ZJM c4 EJJA

SR Oy S E ERPPPIC I

JASCO J-715 i35l 5 L lacil .45 =3 JASCO J-715
%5 O3 dFast fourier-transform noise reduction Lals
Solsmas Loy &l dd Glo wib IS IS 5
33 ol wlwl 5 (deg cm? dmol ™) [0] J s
S Solsman A s el S5 (sladnd gl
s tdel Cws 4 [0]=(0X200MRW)/(Cl) &y 5o 4
e 2o S e s B C S (S
acals s 0l (6 S o3l (glspln O 5 L e Job d
110,02 J4sJASCO i3l ¢ 5ol 533 UV o J b
Aoy Olye 0331 s 4y sl o3 Sl e 61

7] e s 3 55 4 Sla

18 il ygld -8-2

s Sl 3L 3 el 3553l 515 il 5l
Lol g e Sl (Tyr (SesneSly: l,) 280
A s 300-400nm (slayz 5o J s

Last -3

S FP g n s g Ol -1-3

Sty 4 BL2L(DEB) 4, 5 E. colil slad s 15 03 0L
530 55 Nya Aol g c L LIPTG S W
5> el B 51 s bl 200 rpm s L sl S sl
e Bl S e Sl slag SU sk Gl
oz s alb U5 55 05 Is LS 65 b s
SFUSS O b hles SIS 5oy S oy 4 85
o Oy S Laies y stan al> e ) 3 el
s 3ms bt a Dl S35 5 g5 5 Lo S

Mo 3L SaS a2 o O & okt

18

53 Lol e sl 5 el T ) el el
oo O3 L (68031l Jpane s Gllas 16O C
b s (e s, 100 ) sl Ol s @ ke

A an S

(Sl 380 5 9 (05 S polil e -6-2

Gl ol
SalS s 5350 o 5l eile 3L llad &S Sl dup
03551 s a5 el s 4y e () Sl by o0
ol L b s (Kinactivation) oledle e oot
et e S elin Slales 53 ales 1 ey 5
0 (23 Ol ol s dibe 3L Ao s p-:-l)@ o
"JUJT s 4y (81 - el Kinactivation O s 4SS
(Ba) (ilmdlad (3 21 s ¢ Salys 55 (gl sl
Sl ) s | i i oy il
Selusge 5 gl eyl (VT — LKinactiation _s—ve

A e ) Do Siledld o

AG* =RT In (kgT/h) - RT Ink
AH*=Ea-RT
AS" = (AH = AGH) I T

i h (1.3805%107% JKY) s sy ol Ke
S ol s o K (6.6256%107 0.S) oL

- el Kinactivation Oles -Li\f’ Q—l\ BL

23’1)5: i K90 -7-2
Sl A3 e 15 (CD) s 2leiSyss ib
Sl 3L 53 02 mg/ml ke Sl S35k g5
ooy 5 1Sl oSy L pH 6/0 L 50 mM s

1. Arrhenius
2. Circular Dichroism


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q')\Sﬁh;dﬂﬁ\i@:’-)dbﬁ

e Sl 2 el S (5 S0 S

2 lly 9 ol S 3 SO FT (2273
65 58 m 3T pIbulS p (Jol O JUb pd

35 Hlw 4>
ol SOl ey 5 eedS 5 lal s
OAs Jlsd b s L el S35 L T
Sl 3L 5365 °C s il plbeS 5ol
10 ;50 glacble 545 5 552> ,5pH 6/0 L
A s CaCly 5 KCI slacSas 51 5 5o oo
20 550 51 ey el cdled s ol 53 (2 JS2)
medS Oy S I 3 3500 o 1 JelS el
I s ol s Bl SOl ol s Sl
b O GRS e LB (S s o
e omly sl ble i 4 el O
2 a8 Sl b e Bl SO ol il
oo L clle jpam 55 05l 0 0tix 2 IS
Coles Las ol s asles aids 15 6 ol 0
s 20 51 ey 5 35S s SRalS 5T
bim T a sl cdles a3 50 Sy

C o] el

el S5 Jgiheg) (Vb ke |y 3 oS
s by 1S5 a0 Jbail s J gl s g5luli
O g 3l opf5 QA e 5 AS o0 ol (o A
I3 S35 Pleal S5 le ol s all st i gad s o
Wl S5 L JSCE aid )y Aoy 12 SDS-PAGE
D35 b s n Sl o das o 0L | adss ) fol>
Cble e gl ol Ol S 60 sy S S

LS ealail J)}éﬂﬂ Q}A)])\ o u‘-:L’”«u:zﬁﬁ

116 kDa
66.2 kDa

45 kDa
35 kDa

i

25 kDa

-_—

SO M 5 s e Sl S S5 s o 1 IS

(1) (0o kS o = 059) B3 J5Sse 03
WS Olge a0ls Wl J sk (glgims Sl 25y Jgloes
5(4) B) 5 oas W Jsho dlgme 5l 235 Jsbe (2)

Il b O g 520t ke slai 2 3 9)

120
— -Ca’
----- Ca”1 mM
100 |
- _..... Ca”smmMm
& Ca?10mM
2 80
=
=
o
< 60
L*)
Z
g 40
20 .
0 ==
0 20 40 600 20 40 60

Time (min)

85 °C slos 55 sl AL iS5 5ol 0dd Jlb e KT (D) 5 Ca™ (8) 3b slaos S s gei 2 SIS

19


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 C)l:..‘a.ls 3 )Le ‘1 ZJM c4 EJJA

SR Oy S E ERPPPIC I

Sl (1 Jsa) dal s 4 60 'C s Kinactivation
35553 el (Ba) slmdlnd (65,50 48 das e 0L
o=l o 53 s Sl i S el
Lo aeSs Aol (g8 sl iSOl dal s
ol o 3 AG” Ol5a 3 5 65 553 255
5 JLai e [Sarlsge sla gl ool i
S Ol Sl a s et L dsdr o S~
Jlsd b eeaad) tig el w3l 5ol solbl
(L ) 4 (5ot it stobes s (a

A Gl el sl 53 3l e an

Sl OAb Sl il <Kaobigdga 5 -3-3

2Hbows
s L e 00 Jlad b il b g T s g
slales 3 (Kinactivation) i Jlosd 1 e oo o
a5 10 MM cbale 550 5 pam s caliss
ot S 4S0ka (3 JS2) ws o, CaCl, 5 KCI
(Ba) s3bwdled (5351 b o gl giomin ot (3 aaiS
b, e 5o b ol s ool LSO sl s 50s ST
(Osaly s S2sly 3lawdlas S AH 0l L
e 3l eslial L O sl U3 STy AGY ol

Al Gl 0dd Jb e Sz go 5 sla el 1 Jgar

Half-lives (min) at (°C)

Inactivation (kcal.mol)

[Salt]
55 60 65 70 75 E. AH* AG* TAS
No added st 70 28 4 2 745 73.9 253 48.6
10 mM CaCl, 28 21 15 2 1 477 47 24.4 226
10 mM KCl st 89 55 9 1 59.5 58.8 25.9 329

S = Stable

—
{=1
(=1

Log (Remaining Activity (%))

40 60 0 20 40 60

Time (min)

»(*)75°C 5(8) 70 °C (A) 65 °C (*) 60 °C (*) 55 °C (slales 15 w3l p AU S 1 5ol = 0ds b 2 3 IS

.(C) KCI )‘Y}A&cﬁlo‘)}&)}j(b) CaC|2 )‘Y}Aéﬁﬂlo )}&)} c(a) d‘}.’"‘)‘}aﬁ? (5.,\.9

20


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q‘)m;dﬂﬁub&)dbﬁ

v solll g r-;mt-l ) r:*JS sM sos S

cble 5 pH6/0 L V5o e 50 s bl s o3

33_‘:'@ a.liJz d}.b—}4 Jg.& BE @LT; S 0/2 mg/ml

ol a;l.é.:.\,:l ‘_SLﬁC,.kLG B Lﬁdﬁ w\ )}aé;- e gL;lSJ‘)kL!

A sl o s Jlle 53 (3L e

150000

100000 |

50000

[0] deg. em?. dmol!

-50000 f

-100000

(CD) 5590 (2WicSiy90 -4-3
el 55 CD S 2l L el 3550 93 el
)Y}—ALA?A 10 ‘j5 cl LSLACAM.G )}.«J})j& BEESE L) UV

rimeib Bl s ol el 5 S a0 s

_Ca+2 a
Ca’1mM

Ca**smM

Ca*?10mM

197 207 217 227 237

197 207 217 227 237

Wavelength (nm)
K" 0 (b)) 5Ca% 05 i (3) el S50l s by o UV 550 4~ CD il 4 IS5

CD S5l eslinad LCAY 5 K lag g s> pde 5 gl Jauld Pl K550l ol b do s e 2 J gk

lon [Salt] (MM) a- Helix B-Sheet Turn Random coil
No added - 31.9 0.0 39.1 29.1
Ca* 1 mM 24.8 44.5 15.0 15.6
5mM 74.2 0.0 0.0 25.8
10 mM 28.5 21.7 30.0 19.8
K* 1 mM 54.7 0.0 27.2 18.1
5mM 43.1 0.0 29.8 27.2
10 mM 20.0 0.0 32.6 47.3

21


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 bl:..‘a.ls 3 )Le cl 3)‘.«.& c4 g)}.\

ke g o (g5 gL

el sl EalS s bl gy Cillas]

O3 355 4 S oS 050 V5o oo 10 22 s
] NPV e P INT S P ERE SACIR R
Oty Baroee 04 (s ) (il g O
& s Olansl Ylazm| 5 oas Slos,l gladenl gl
53 85 &S 0bea ool esls I3l 1y s bl
0 ey O a5 pd e es D b IS
G b DS O s & S LS gann
O s Dobe wesls SRl Qb stn 5 5 s
boes 5o Laedle SL 0l (65013 e ey
Sy Sllasil 5553 e (5 ST ki 5

O30 3 08y g s S5y 6l
10}5 cl ‘_gl_ﬁg:,_hl& )}_:..ﬁ c“j)}*é;-)éuﬂjl.w)}b
5 Ui sslinul KY 5 Ca% (glads 51 Ve oo
Pl S5 le S5 il o 5,5 ib 4y by e
951 slac bl 55 a o b

Sy DS s ’F@Wr—:ﬂ-&s;’ﬁ Ve e
sy S0 Sl a el anl il ol sl

‘L’b..u‘“ J:.hls SM_Q.'&-‘ 9 edd L.jl.ﬁj)i LSKA_L._\»” \;...:.AT Q)_A‘ﬂ
500
a o b e, — &
S e Ca*21 mM .."' P "". """ K*1mM
400 .’, ~ 'y -ee CatimM d o o \‘ """" K*5mM
| / P —— Ca*? 1m LA . P V— 10 mM
‘ / AN N /, . K 10mM

Fluorescence Intensity

300 320 340 360 380

400300 320 0 360 380 400

Wavelength (nm)

esb 280 S3K® 05 (D) 5 250280 55 Ca iy S1(8) el So3sle S il b il b K

22


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q')m;dﬂﬁubip)dbﬁ

b S 2 el 5 edS (5P SO S

S O S Bl o st sl sdla- W s
A ol (oIl 3 a8 5yl s U0 5e s o
5 eSS 53 51 sl U [12.29] 515 (s
10 55 1 lacble 53 Laggsls o) Sy
A oL ﬁjj Sl st » Y Lo

—on S b e a3 2 a IS s oS Ol
2 S S O oS das e 0L o 5T e
535 3,8 Sl a3 65 s Bl Sl ol
g e O ialS Comge Ve LoD e 5 o>
Sl Dl LT 63l 5l 53 s 3T i o8 J=
lS O 4 DS s Sl ok s ol
Os oy 3 o3l pl o3 GOl ol Llal s
[20] b e 1531 Ca™

lobl jyos pasaas »olii2b K
Loz opl s3 asle S aads IO b caly 05 Y50 e
s3dom 4i3 20 51 ey 5 Ams ad RalS 1 o T
035531 ol el i o 5T gl C s 455 50
Sel Vo oD 51 glachile s ly 0 02
RO PR PS5 JE S RUTRCH T

B0 B85 3 w5l HALeS 5 5ol o Jlas 2
PH=6/0 L ool 3L 5 51 S sl a5 75 570 65
SKCl slass 10 MM cble 555 5 5> 5
Sl e (3 IS8) A ) i CaCly
sles 3 asle S iz 60 51 ey Gh6 4 s DUl
75 00C Lo ;5 5555 0 bi> LS 5k 4 55°C
s 1y gl el 453 60 51 i i35 60 1
S easles 4ids 3 5l T0C s sl & J o
MM S 313 0Lz Loy 3)ls SLSU cdle j2als
Pl s el 5 LS e oS 10

3 ol ‘ﬁ)j £t g'-ljj sl ok

23

o -4
sloabes 3 Dl S35 cdlad iy s
o3l 53 el ol 45 sl 025 (30-80 'C) il
Slos g 53l YU el ol S sl a5 65-55
S5l 5l as as w3 65 °C T ol el
(45 °C) Bacillus subtilis 3 ea_s li> sLa;Mual
'C) B. stearothermophilus (50 C) B.licheniformis
Geobacillus (50°C) Bacillus sp. WPD616 (55

Thermus sp. 5 (50°C) caldoxylosilyticus TK4
slabes 3 31 mleeul L (60 C) IMB501
ST 5118 8 9] sl e 30°C 51 sl
Geobacillus sp. 3l et sl el 55 59 ﬁjﬂ
2l cmd s el cngsle S 55T S, Gh6
gl s mls 510 S oS bl 55
aS a5 S0Lan 53yl (g b =0 ol el
U_l\ BL) ‘U'-"\J"LH tC,-\»‘ G S0 2 ol ealarl LSLA{".’.]”T
Bt (e gz ] 2l SO SRl (s
N

a0 58S LIS S A3 oy asy
Zn* Co** Mn** Mg* Ca®* Li* Na*) il
55 (Sn* 5 Fe** Cr® AP Fe* Hg™ Ni**Ba**
oslizal oy 3T s 5 Ve Lo 10 55 L slaclale
Gy SHS e 0l )z sl 0L &S A
9 L|+ gK+ Q.L.:r ULP\ 45 L;“)}..p )) t.b.)\) vJ"J_VT C,.s.“;d
e Ao s sl OLES 1) es 5l b 2l 58l Sn'*
(Jj—;))_.é:-);}?tz }102 L143/8 v—;j 4 V.,JS
107 5152/2 186/6 s 5 4 VL slackale ;5 oy


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 C}l:..‘a.ls 3 )Le cl 3)‘.«.& c4 EJJA

SR Oy S E ERPPPIC I

T sladlsd bl b 55 b oS ol 1S 0Le
a5 GalS e g ASF falS s S
ot 2l S T Rl T S
s e ol 5 i ol iy Sosloss 4l
KY i 3 i s3lwlll o8 ol cpl (oS
53 Ao e el ASY il sl (AGY 1 53)
ol a5 Maals AHY Ol coily 52
(O gl 363 J2STy SIS Cll s iy pals
ol sl cplpls 5 Sosvw 1) O sml) 5Us plnd]
Olg e b ials AHY Olps 4y a5 L 5 sl 0.8
351 il e 4 AST zalS oS il il
035 4SSl Cl= s 5T galS & 5wl -
LSV 5 NSUPSVR v SO P VYV VN UG TGO
oS mlspr s Lisgd (ab SIb) s oo
L alis 53 KT 0y a3 3ledleb 2 AGT
AG" SuUl) dias e 0L 1) oS Ol ks O 540
33 sl 5 Sl ol s Ll (el anly (il 5l
53 e 0L 1 ool sl ol (s g )
S s a5 il alS AR (ol 0y sl
TAS" el L ol ol (3Ll o ol b 5 o sllasts
Al b el 038 s ol s bl o
sty S (AGY) (sl i e 2Ty (5,
s 53 ;53 g 3 (AST zals) ol Sy 1T
s 53 AGT 1als sl sl 2alS AG" s
235l S SS bt 3 bl o CaCly
a8l el (oS )l s oludlad 2 ST
STy S Sl S oy 1 Sl oS sl

J_A.L‘Jﬁ L o\}_'>'J> LSJ_:‘.'?.’J U_l‘ C,_.A‘ Lj—‘“‘lj"T

1. Excited state
2. Ground state

24

Sde o Y"*'““b* BT S g a>,565 4,60 55
Sy oaS O S il 23,5 ik e 2 Do
el 3 eedS 55 5 sy 3 Bl S oL
il slales 3 (0dd Jlab b eeans) il
sl (oaS k) ol (1 Jsix) A (58510l
s el 4 Al b anslie 53 w3l esaad A
60 ;s S o, 125 596 27 Ol 4 o,
AL sl ol S sle 4,5 70 565
s 53 L ol 0Ad Sl e gl s
slales 55 (Kinactivation) O Jlsd 1 o e ol
Clas S 10 MM cale 545 5 gl 3 sl auiS
s el e 5 (3 J$) 42 e, CaCl, 5 KC
e S (L i) Al sy S
Olse any STy 3ladlad (331 Jhal 3l 5 Syl sl
s bt Sl oSl kol Sl
S5 (Seelun e 5 sla mall ool cnl sa s
oLt ladlss e ladyl b (6l (Ba) ssladlad
(Kinactivation) ol ilwdl e e &S A e
S5l el VL ool sy S &S A
SSObe Ll Sl s o SV (Ba) ssledle
S S o) 5505 gy B35 4t S (6 i
e Ol U3 (2S5 6l 5SS AGT s
ol 03 Ol LS Gl 2l S 3050 5N e
el i Gl e S Sl s Ll
Sl @50 e I3 Sl AGT 5L e ol ol
ey 45 b3 AG” Olsn vl (255 1 O gl 550
KCl i 53 AGH il sl ol miy wls 3505
o= A bl saniS Il Sl ol o
LS L AR gudlfe i3l bl o Xl s (AGT)

S ol sl e 4 AHT 2153 sl AST g 5


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q')\Sﬁh;dﬂﬁ\i@:’-)dbﬁ

e Sl 2 el S (5 S0 S

355 d Camed el O Vsn Le D 5 1 laclale
s Ol 03,08 e 45 Bl Al
Sl b es 08y Gl cclale 55 tpl 5355
(rSeam Ol bl oy bl g a5 L S
LS O 35 4 1&)5 po,y Jlrle Aoy
S n sy Blanl LalS o pe Vanol 65 L e
LS bty O Ve e 10 il s s
S Jo S o5y SRl Bl 5 WSamtl jlle s 5o
03,550 ol 53 358 e 0> O 3550
doss SRl 1 Jls ol plas IS5 5 Skl
Sl e ol 00 s Sla L
2o S sS pads Aoy
ol 5 S e Sl e 2 Sl
(oY s Ssle,T (slad il y el s oaliz
Olse a5 gls (SI5 Guilansld (55,5 5 Qb S
Sl josp s Cmbge 1S 5058 U5 ST S
o= dsb o Lty Sl S e fes 85
DL 5 5 s Slademl sl bl 4 2056 280
o i el 2957305 £ Jsb s Ll el
oty el sl o ol st el Ol gy 5 bl
S s Ul e oS el (golile Sl s
b 55 5s 8 5 0L g 5 glaedile SL o S
O P ) IO S I
o S (SIS gl L Il sladed gl
i sh s el il 0L s 5 slaeile it
)y Cal 55 5L ool Dl s G580 SIS
RS el Gl S ol b Dl i
L Slssb ol yel LS Slos,T slastile 3L

1. Random Caoil

25

Sl S s s AHY Ll el g5l 2
el il sl gl 5o (g e &S il
L aS la 2Soks ol b sl &ty o LS
Gl el el als el oledld e b
SiS1s 6550 dew SRalS) dS Sas bt
el (AHF 2als) ST ((AGY) sslwdles 2

J—ol= CD 55 el slacib 2 s 4 e 55 L
(Les L) oS O 555 3 Del S5 5L S
s 3 Ll sls LT ol o Sy skl
sl a8 ik ltle oS il skl
(pdS O Y e S 10 51 slachale s ool ous
Ay o S Sl 2alS (oS sl ds s
2P oo el Olse s das e 0L O 358
5 e ble js.oul aml il Ve Jel clle
ol Pl Sl Sl o s eedS O Ve e
O 33 4o S o3 A4 5500 3 6,8 i
O3 ik glac Bl 1L Bl s oyl oS
0L 2 o oS a5 S0k psn Jlle  anly
O Ve e D 51 glachale 55 55, (as oo
a5 At oltle O 35 a4 e ey
Ay o 5w Ve Joe 10 Clale s Lol esyls W
ol alS (g 3se 4 Cand WSl sl Ao
0l Il i el 0L al ol .o
il Jla oLl b IS sl s ST
sobrla s plab o8 5l Jlb ol aS sl S
S o B s Sl el sl a5 se IS
a3l e ol 53 (6 St 45 s 4l [2]]
Wl 558 ol e

o el O ke gls ke 12 s

)) w&_j\_h_a )L:;-Lw M)) f.\.@)& QL..:J r)) )t;-l.w


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 C}l:..‘a.ls 3 )Le cl 3)‘.«.& c4 EJJA

SR Oy S E ERPPPIC I

oLz 5 Sl il JUT (s 0 SUSS gla ise 5o
o= 3 s SOl ol SRl e e
ol 4 cnlae ol 4 sly ol s lals
. .. 1 . -
Sl b b fsn by ol b s
j_)d.r))la d\}:g;d \) u;j’:""-’ w\ 45 ))\J LL‘SJ‘ )L':?Lw
L;l_ha.lal.nojb Q)_n‘ﬁ .h;_'z-.» (:)_w )U}l_w U’:_":‘J
2 . Ceoce T
Sl S S s s Ll us o) s Syl
o> 9 L;JJ_JJ U':%\Jﬁ‘ L> cd.]él.w U'l\ L ‘ﬁj"T Lg)l.lb-l.w
Vool s Sobe @m0 s le (5oILL 4
3 ml oS e ol s (Sl gl lasile S
j)l_tC,_,w‘ wa aK.lb- o U':;J}ﬂ 6)L:"L“ Q‘J‘.".’.‘,’J
J)Lﬁ;v_.p}a Q))_.ﬁ@wx‘jﬂ)t}t_w Q.X_\Z‘\J_..u
C»—ﬂfd\jJL;“j 05}:.; &AL@.& )L:}'Lﬂ 6UW Q_EL
A e N E o B3 L WRCH P
) s s
ol (Ko LS bis (gl p ondS 0 4 5L
e Jld 5 54~ ool (structural - integrity)
el Pl Wl osl il gLzl S zie 55 ¢ a5l
i s OLasltle 0 5SU oS ol sdel- T aes
Al 53 YU Bl U S 0 5 Sl
3 A Slagnes Ole &S Ljls qndS 4 Jlail o BEY P
fbm——ﬁm“—@l" 4Sal_<”l>.- L)’.'."JJ" J‘J:OB
Ll 5 03,5 Jos epan LB 5 A laies o)l
alj.ll;- J'.‘.g_":; E) dm okj.ll:- )L’\b-l_w 6)‘.*-:[.3
2 [202324] 555 o sl i 4 Jlasl anl 5 2.
033 Sl s S 5l ol glaidal- T s oKL

1. Local Stability
2. Global Stability
3. Cooperative

26

i b osd e ein DA S 55 &S £ S0kes
280 75 Jsb Ly Dl S5l 513 il sl
3 Sl olS O 58 g sl o sl
Osm oz 3 ol ld S Dl iz g0 I sk )
Og 50 & Sud Vo oo D 5 1 glac e L ods
e el O 355 803 Ol a tol wl 25
Sl sladel ool Osal i amms DS a3 2
Sl 6 i lanil 2alS o e Yatsl 5 o
10 cble U odS 05 5 53355 0 85 0
(ol sl S DA O 3w s Y e ke
Odd il Cor g ondS O sy ol al a8
Yozl 5 ods Sslog,l ladn sl O gal o Jams
Ot 3 s ol (g pdOlanl 5053l sl
280 50 dsb s Vpe o 5 51 slaclls 55 ds
S 53 o GEn e SOML e e
oS 1 ool Ve e 10 il s S 0
L Mol S5l s Sl 5 b IS as e
0L sl 280 25 sk o ol g0 5 2
Saod 3 el O 3l b mge b opl 3 s e
Aot amsl Aol gl b oud dackle
el sl (8513 o m ey 0 S s
Lol s oo (2 S0 (o8 Lo s Sles )]
Ll 3Ly ol Osmel i Jaroms 53 5u8is s sl
g e il Ladl (g plsOlanil 5l 5 el o353
St Dl oS a3 e 0L S il 36 gl
23 5 S QLSS 0 iz o 5 55 p g
Sl (85,08 (SGlessl slasdile 3U 0 gal g ams
) ol lsel
S w5 ol 5 e Pl S35l G5 3550

jw&‘}&‘@zﬁﬁd‘Jt}uﬁﬁ”Qoﬁ;‘


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q'J\Sﬁh;dﬂﬁub&o})dbﬁ

e Sl 2 el S (5 S0 S

[5]

[6]

[7]

8]

Molecular cloning and biochemical chemical
characterization of the first archaeal
maltogenic amylase from the
hyperthermophilic archaeon thermoplasma
volcanium GSS1. Biochim. Biophys. Acta
1774, 661-669.

Kolcuoglu, Y., Colak, A., Faiz, O., and
Belduz, A. O. (2010). Cloning expression
and characterization of high thermo-and pH-
stable

maltogenic amylase from a

thermophilic bacterium geobacillus
caldoxlosilyticus TK4. Process Biochem. 45,
821-828.

Park, K. H., Kim, T. J., Cheong, T. K., Kim,
J. W., Oh, B. H., and Svensson, B (2000).
Structure, specifcity and function of
cyclomaltodextrinase, a multispecifc enzyme
of the a-amylase family. Biochim. Biophys.
Acta 1478, 165-185.

Oh, S. W., Jang, M. U, Jeong, C. K., Kang,
H. J., Park, J. M., and Kim, T .J (2008).

Modulation of hydrolysis and

transglycosylation activity of thermus
maltogenic amylase by combinatorial
saturation mutagenesis. J.  Microbiol.

Biotechnol. 18(8), 1401-1407.

Park, S. H., Kang, H. K., Shim, J. H., Woo,
E. J., Hong, J. S., Kim, J. W., Oh, B. H,,
Lee, B. H., Cha, H., and Park, K. H (2007).
Modulation of substrat preference of
Thermus maltogenic amylase by mutation of
the residues at the interface of a dimer.
Biosci. Biotechnol. Biochem. 71(6), 1564-

1567.

27

S el Soisdle o Ll ol o L 50

D O] ol odss sl ol ans 0 5SE Ol L

S 3]wbw -5

ju,u).\_a Cﬁ::js em\: gf‘:"aj}l CA)L&A)‘ Qlf.\...quj.r

03,5 gl 3 bl a0l a5 e sle o5l

[1]

[2]

[3]

[4]

R S coles 5 A LT U

&y -6
Kim, J. S.,Cha, S. S., Kim, H. J., Kim, T. J.,

Ha, N. C., Oh, S. T., Cho, H. S., Cho, S. H.,
Kim, M. J., Lee, H. S., Kim, J. W., Choi, K.
Y., Park, K. H.,and Oh, B. H. (1999).
Crystal structure of a maltogenic amylase
provides insights into a catalytic versatility.
J. Biol. Chem. 274(37), 26279-26286.

Turner P., Labes A., Fridjonsson O. H.,
Schonheit P,
Kristjansson J. K., Holst O., and Karlsson E.
N. (2005). Two
degrading

Hreggvidson G. O.,
novel cyclodextrin-
enzymes  isolation  from
thermophilic bacteria have similar domain
structure but differ in oligomeric state and
activity profile. J. Biosci. Bioeng. 100(4),
380-390.

Kim, Y. W., Choi, J. H., Kim, J. W., Park,
C., Kim, J. W., Cha, H., Lee, S. B., Oh, B.
H., Moon, T. W., and Park, K. H. (2003).
Directed evolution of Thermus maltogenic
amylase toward enhanced thermal resistance.
Appl. Environ. Microb. 4866-4874.

Kim, J. W., Kim, Y. H., Lee, H. S.,Yang, S.
J., Kim, Y. W., Lee, M. H., Kim, J. W., Seo,
N. S., Park, C. S., and Park, K. H. (2007).


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

1392 &l:..‘a.ls 3 )Le cl ZJM c4 EJJA

SR Oy S E ERPPPIC I

[15] Bernfeld, P. (1955). Amylase, a and .

Methods Enzymol. 1, 149-151.

[16]Jorgensent, S., Vorgias, C. E., and

Antranikian, G. (1997). Cloning,
sequencing, characterization, and expression
of an extracellular a-amylase from the
hyperthermophilic archaeon Pyrococcus
furiosus in Escherichia coli and Bacillus
subtilis. J. Biol. Chem. 272, 16335-16342.

[17] Takakuwa, T., Konno, T., and Meguro, H.

A. (1985). New standard substance for
calibration of circular dichroism: ammonium
d-10-camphorsulfonate. Anal. Sci. 1, 215-
225.

[18]Kim, T. J., Kim, M. J., Kim, B. C., Kim, J.

C., Cheong, T. K., Kim, J. W., and Park, K.
H. (1999). Modes of action of acarbose
hydrolysis and transglycosylation catalyzed
by a thermostable maltogenic amylase, the
gene for which was cloned from a Thermus
strain. Appl. Environ. Microb. 65, 1644-
1651.

[19] Violet, M., and Meunier, J. C. (1989).

Kinetic study of the irreversible thermal
denaturation of Bacillus licheniformis a-
amylase. Biochem. J. 263, 665-670.

[20] Sajedi, R. H., Taghdir, M., Naderi-Manesh,

H., Khajeh, K., Ranjbar, B. (2007).
Nucleotide sequence, structural investigation
and homology modeling studies of a Ca**-
independent o-amylase with acidic pH-
profile. J. Biochem. Mol. Biol. 40, 315-324.

[21] Backtel, W. J. and Schellman, J. A. (1987).

Protein stability curves. Biopolymers. 26,
1859-1876.

28

[9] Lee, H. S., Kim, M. S., Cho, H. S., Kim, J.

I., Kim, T. J., Choi, J. H., Park, C., Lee, H.
S., Oh, B. H., and Park, K. H. (2002).
Cyclomaltodextrinase, neopullulanase, and
maltogenic amylase are nearly
indistinguishable from each other. J. Biol.
Chem. 277(24), 21891-21897.

[10]Liu, B., Wang, Y., and Zhang, X. (2006).

Characterization of recombinant maltogenic
amylase from deep sea thermophilic Bacillus
sp .WPD616. Enzyme Microb. Technol. 39,
805-810.

[11]Cho, H. Y., Kim, Y. W., Kim, T. J., Lee, H.

S., Kim, D.Y., Kim, J. W., Lee, Y. W., Lee,
S. B., and Park, K. H. (2000). Molecular
characterization of a dimeric intracellular
maltogenic amylase of Bacillus subtilis
SUH4-2. Biochim. Biophys. Acta 1478, 333-
340.

[12] Nasrollahi, S., Golalizadeh, L., Sajedi, R.

H., Taghdir, M., Asghari, S. M., and Ressa,
M. (2013). Substrate preference of a
Geobacillus maltogenic amylase: a kinetic
and thermodynamic analysis. Int. J. Biol.
Macromol. 60, 1-9.

[13]Bradford, M. M. (1976). A rapid and

sensitive method for the quantification of
microgram quantities of protein utilizing the
principle of protein-dye binding. Anal.
Biochem. 72, 248-254.

[14]Laemmli, U. K. (1970). Cleavage of

structural proteins during the assembly of
the head of bacteriophage T4. Nature 227,
680-685.


https://biot.modares.ac.ir/article-22-5765-en.html

[ Downloaded from biot.modares.ac.ir on 2025-01-31 ]

Q‘)m;dﬂﬁub&)dbﬁ

e Sl 2 el S (5 S0 S

[24] Tachibana, Y., Leclere, M. M., Fujiwara, S.,
Takagi, M. and Imanaka, T. (1996) Cloning
and expression of the a-amylase gene from
the hyperthermophilic archaeon Pyrococcus
sp. KOD1 and characterization of the

enzyme. J. Ferment. Bioeng. 82, 224-232.

29

[22] Gore, M. G. (2000). Spectrophotometry and
spectrofluorimetry: a practical approach.
Oxford University Press, USA.

[23] Nielsen, J. E. and Borchert, T. V. (2000).
Protein engineering of bacterial a-amylases
Biochim. Biophys. Acta. 1543, 253-274.


https://biot.modares.ac.ir/article-22-5765-en.html
http://www.tcpdf.org

