Research Article g Ao
Nova Biologica Reperta 9(4): 267-278 (2023) ) pele 5o (g glrasl

] _ OF1) YYA JIVEY Slomio oF o lais 4 al>
Print ISSN: 2423-6330/0nline ISSN: 2476-7115 _
. o onler oRils ol L]
https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.9.4.267

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1401.9.4.3.5]

Deinococcus radiodurans R1 a&gu 51 S Y uiigm oudsd 55lw au

v v . . L . Al el
oy okt 30 5 "ol Jals g Ttigfbler Lo e ool lilor ke skt
8 ol psely sl (s (kS sl 5 13581 (3t 0lnl s osodlsF Rl (i pole eaSails ( J5SUse sk psle 095"
Sl ol ool S gaio oKisls (55505555 50 0aSiimg’hy 1o !

Alijanian@khu.ac.ir wslji il e (gage :olilKe Jgtune

ol o (gulol (1B oS aen S0 oSy G 5o 2hldeE Gle i (p i 3l S Deinococcus radiodurans o aY Glacysgy oS
o9y b D, radiodurans j| o aY 555y sl alE il ats B (pl 5l Bas wigd (g3l (Al lainten ol Cadl oY plpli 5o b gyl
G55y oS o s, b Design-Expert J5#l o 5L 1ol Yo 5 os 43,5 L )5 b gy 15 oy dod 5 gl Loy SDS clale Lale as byl o ey ans
b osizsd lge 5| 55T slobiz 2 20,0 5 lej 5 SDIS s A 45 5, Sam oyl o5l Jsbo (st el g San S Jol Al ye o 0 Ll
SDS- 5 353505 sy b i F & onBign (ool 5 SIS (el Yo v 0050 oy il b osiusd Jolono ) (rlans Y (slagnig (et o5 B0 v 08 ey il
osle cdale (g5 ,5b o s A0 liebol elaw 5 oS ol a5 s ko g ajes 8,5 1B Juloo g 435 390 ol Cews 4 slaedls ol 45 .ol PAGE

el ¥ g 0o VIYY 2 doyo o ys OFF SDS Clilé w0y & jg0 (pos loygiSl (g5l ange gl g Jalge plos 5l jiiin oo Lalld (g duoys y odingd
el Cewss 4 2o, FVISY 4 < IOAF MM o5 5 4 ogls 0o )0 g g p alé g Ll i 48 0SSl Lo

ains ol el (b &Y (5550 15,585,550 el slaoly
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Abstract. S-layer proteins of Deinococcus radiodurans are the best self-assemble systems among other proteins that have an
essential role in the fabrication of nanowires. Therefore, the purification of these proteins is necessary. The purpose of this
research was to optimize the purification of s-layer protein from D. radiodurans with the response surface method. The three
factors of SDS concentration, incubation time and mass percent in five levels were considered, and 20 runs were designed by
Design-Expert software with a central composite method. Each run includes microbe culture, mass cell preparation, microbe
incubation in specific SDS concentration and time and mass percent, separation of the bacteria from detergent with a centrifuge at
5000g, sedimentation of s-layer proteins from detergent solution with a centrifuge at 20000g, determination of protein
concentration, and protein purity by Bradford and SDS-PAGE methods, respectively. Finally, the data obtained were analyzed.
Analysis of the results demonstrated that at the 95% confidence level, the effect of the detergent concentration factor on the
purified protein percent was more than other factors. The optimization results of factors are 5.64% SDS concentration, 7.33%
mass percent, and 3 hours incubation time. At optimized conditions the protein concentration and purity percent were obtained
0.584 mg/ml and 47.61% respectively.
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Figure 1. A) Schematic representaion of s-layer proteins localization in different type microorganisms. a. S.layer in
archaea. b.S-layer proteins in gram-positive bacteria c. S-layer proteins in gram- negative bacteria. B) Schematic

representation of regular arrays s-layer proteins.
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Table 1. Experiments Designed with CCD in RSM methods.
SDS CONCENTRATION TIME

RUN (%) (HOUR) MASS PERCENT (%)
1 5 2 7.5
2 5 2 33
3 7.5 1 10
4 2.5 3 10
5 5 2 7.5
6 5 2 7.5
7 2.5 3 5
8 0.8 2 7.5
9 5 0.3 7.5
10 7.5 1 5
11 7.5 3 10
12 9.2 2 7.5
13 5 2 7.5
14 2 7.5
15 2.5 1 10
16 5 3.68 7.5
17 5 2 11.7
18 5 2 7.5
19 5 0.32 7.5
20 2.5 1 5
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Figure 2. The electrophpretic pattern of S-layer proteins D.radiodurans R1. The numbers of 1-20 are numbers of runs in
design of experiments.TO. polypeptides pattern of D.radiodurans R1. M. marker
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Table 2. Results of purity percent under different conditions.

RUN SDS CONCENTRATION TIME MASS PURITY PERCENT
(%) (HOUR)  PERCENT (%) (%)
1 5 2 75 36.68
2 5 2 3.3 46.26
3 75 1 10 38.63
4 2.5 3 10 25.75
5 5 2 7.5 39.67
6 5 2 75 44.22
7 2.5 3 5 21.28
8 0.8 2 75 3047
9 5 0.32 7.5 27.79
10 7.5 1 5 34.17
11 75 3 10 471.17
12 9.2 2 7.5 22.66
13 5 2 75 36.10
14 2 7.5 51.43
15 2.5 1 10 2038
16 5 3.68 75 5116
17 5 2 11.7 43.65
18 5 2 75 40.35
19 5 0.32 7.5 3176
20 2.5 1 5 17.04

272/YVY


https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.4.3.5
https://system.khu.ac.ir/nbr/article-1-3545-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1401.9.4.3.5]

Nova Biologica Reperta 9(4): 267-278 (2023) OF V) YEV-YYA F ol A ol S pole ;0 (g5 slaaidl

a)

Normal Plot of Residuals Residuals vs. Predicted
|
|
A - - = = & -
w0 L ; £ o ]
i 9 . - i .
£ s * 8 -
i -] a" - i o
& 3 g - = = a
E 0 g %
E - a d =
i 103 = : -
M 15 ]
1 2
08—
T T T T T . T T T T
am " ' i 1 . a e o o
Internally Studentized Residusls Predicted
C D
vs. Run _ Predicted vs. Actual
3 200 —{ ;
/‘/
» e e i
5 i A " L s | /
i 1\ f A m % m . -
T o ! l‘ f \ / -
-4 \ / -
i = A [\ J Vo § se —f >
3 - 1/ LI 4 F
r ‘ il
i - / = ar | = =
: 'S = / -
£ -
- ol =70
T T T T
3 o " w au uz an “
Run Number Actusl

b)

s
w
2
=
E
=
(=%
B: time 1w TR 37 A concentration
100 250
- purification
(54 6026]

F30
M
£ 200
a EERED

A: concentration

o D ! blas jo b ouilesdls C oo o O bl jo enile (SL B SFyere sl logel A la Joe &8s gl sasis sbo)logel @ - S
50 il je,8 bt 90 s b C 5 B glaloged j0 aiil jo,8 bt 4 o5 b A Jloges jo () blas onil atils axg . a8ly Jolie ;o ook o
Vi 0l 5 3505 Jole 50 o Julos (B ishios i i Joo a2, 0 85 055 o S ol (2T L ke Sy plubit & D Jlages
w2 (oo Ol |y osls 000 1 yeS g i i A 5090 99 5 0 (2l 5 50y Al anal 4Bl az g 5l lased by s aw gl loged
Figure 3. a) Diagnostic diagrams for accuracy of models. A. Normal plots. B. Residual vs. Predicted. C. Residuals vs.
Run. D. Predicted vs. Actual. Note. Color dots in diagram A should in near red line; in diagrams B and C must be
between two red line; in diagram D helps to detect a value, or group of values, that are not easily predicted by the
model. b) Interaction between two factors of concentration and time. Up. 3D surface diagram. Down. Contour diagram.
Note. Red and blue region in both of the two diagrams indicates to most and lowest purity percent, respectively.
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Figure 4. a) Diagnostic diagrams for accuracy of models. A. Normal plots. B. Residual vs. Predicted. C. Residuals vs. Run. D.
Predicted vs. Actual. Note. Color dots in diagram A should in near red line; in diagrams B and C must be between two red line; in
diagram D helps to detect a value, or group of values, that are not easily predicted by the model. b) Interaction between two

factors of concentration and time. Up. 3D surface diagram. Down. Contour diagram. Note. Red and blue region in both of the
two diagrams indicates the most and lowest S-layer protein concentration, respectively.
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Table 3. The results of ANOVA of quadratic model for purity percent of S-layer protein.

SOURCE s%%\:g]gs DF SZII]}:AAEE VAI;:UE VAI;:UE
MODEL 1707.33 7 243.90 7.61 0.0013 Significant
A- CONCENTRATION 30.53 1 30.50 0.95 0.3486
B- TIME 273.29 1 273.29 8.53 0.0128
A? 658.67 1 658.67 20.55 0.0007
B? 68.16 1 68.16 2.13 0.1704
A’B 79.78 1 79.78 2.49 0.1406
AB? 387.00 1 0.387 12.08 0.0046
RESIDUAL 384.58 12 32.05
LACK OF FIT 221.58 7 31.65 0.97 0.5323 . NOt
significant
PURE ERROR 163.00 5 32.60

ccilizee byl y0 0ol o S aY cdale mls -F Jous
Table 4. Results of isolated S-layer concentration under different conditions.

RUN SDS CONCENTRATION TIME MASS CONCENTRATION
(%) (HOUR)  PERCENT (%) (MG/ML)
1 5 2 7.5 0.52
2 5 2 3.3 0.21
3 7.5 1 10 0.51
4 2.5 3 10 0.10
5 5 2 7.5 0.63
6 5 2 7.5 0.56
7 2.5 3 5 0.11
8 0.8 2 7.5 0.34
9 5 0.32 7.5 0.11
10 7.5 1 5 0.33
11 7.5 3 10 0.15
12 9.2 2 7.5 0.01
13 5 2 7.5 0.39
14 2 7.5 0.58
15 2.5 1 10 0.09
16 5 3.68 7.5 0.53
17 5 2 11.7 0.27
18 5 2 7.5 045
19 5 0.32 7.5 0.35
20 2.5 1 5 0.20
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Table 5. The results of ANOVA of quadratic model for S-layer protein concentration of S-layer protein.

SUM OF SOURCE p-
SQUARE VALUE
S
0.63 MODEL Significan  0.0001
t
0.053 CONCENTRATIO 0.0137
N
0.087 TIME 00.32
0.23 A? <0.000
1
0.080 B2 0.0041
0.097 C? 0.0022
0.030 ABC 0.0492
0.10 A’B 0.0018
0.13 AB? 0.0007
0.067 RESIDUAL
0.027 LACK OF FIT Not 0.7587
significan
t
0.041 PURE ERROR

F- MEAN D  SUMOF SOURCE
VALU SQUAR F SQUARE
E E S
12.82 0.079 8 0.63 MODEL
8.58 0.053 1 0.053 CONCENTRATIO
N
14.13 0.087 1 0.087 TIME
38.18 0.23 1 0.23 A?
13.08 0.080 1 0.080 B?
1580  0.097 1 0.097 2
4.88 0.030 1 0.030 ABC
16.77 0.10 1 0.10 A’B
21.92 0.13 1 0.13 AB?
6.132E- 11 0.067 RESIDUAL
003
0.55  4452E- 6 0.027 LACK OF FIT
003
8.148E- 5 0.041 PURE ERROR

003

S Y gla gy osls ao)s g e 4 sl yo o] Cuel 5 b it gl (55le dige Il —F Jgux
Table 6. Optimization conditions for variables and its importance in response to concentration and purity

percent S-layer proteins

PARAMETER GOAL LOWER LIMIT UPPER LIMIT IMPORTANCE
SDS CONCENTRATION | is in range 5% 7.5% +++
TIME | is in range 1h 3h +H+
MASS PERCENT IS IN 5 10 S
RANGE

3505 (pl a5 5,5 ool g5 o el 0ais &3l | radiodurans
CollB b oo 00,8 e 5 ond Byby adllae ol 4o
D9 5,155 Vb L]
Pl sloygiS B o Sl ols i g bl el g 4
5 STy 90 o i ly il i SDS clale (g, wond
L B 0ozl oangd ool ;5 35290 635 (02 o)
oS e jo Gl lo, S Sl (LS Cldlas 4o o)ls
S odd owyp 6L (e WY (nSsp adg ol
ab esls olis ol o (Ebadi Sharaf Abad et al., 2017)
OSen 2l ¥ ol 4 ol i bz gl i b oS
p calizee glo,guSh Con Ll oS ol (6 i b Y
o plovl asdllas yl o oS el 2ohae b s3le Al 3s,
Qg oo o0 Faned Casls SDS aSpl 4 az g b .l
SaS el n eSS 4 g a8 o 093 0 ) vgz e glis
lacyeiiayy o 0,5l el SDS ol cdale 3L 5l wis

& 35 A g Cony
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ol gl o355 s 50 5 oliie o 1,5 6
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Gy & cwl HPT o6 a0 S a4Y 5y, il
age cnllae ol o gy ol 51 ls 1,8 Doradiodurans R1
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