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Abstract
Objective

Type Il restriction endonucleases are the most common type of restriction enzymes, widely used
in genetic engineering, particularly in gene cloning. Among these enzymes, the EcoRI enzyme is
one of the most frequently utilized in the molecular field. The conventional method for producing
these enzymes involves using genetically modified strains of Escherichia coli, which have been
mutated to overproduce the EcoRI enzyme. However, the purification process for these enzymes
is both costly and time-consuming, as it requires multiple chromatography columns. Given that
the EcoRI enzyme has a simple structure without disulfide bridges and exists as a monomer, this
study investigates the recombinant production, optimized purification, and refolding of this
enzyme.

Materials and methods

The EcoRI gene was isolated from the bacterium Escherichia coli (E. coli RY13) and cloned into
the expression vector pET28 for recombinant expression in E. coli BL21 (DE3). The optimal

conditions for protein expression were investigated, including the type of inducer,its
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concentration, and the temperature after induction. Protein expression was evaluated in terms of
soluble protein or inclusion bodies using SDS-PAGE gel analysis. The recombinant protein was
then purified and refolded using affinity chromatography and dialysis methods. Finally, the
enzyme activity was compared to that of the commercial EcoRI enzyme from Thermo.

Results

The optimal conditions for the expression of the EcoRI were determined to be 0.8 mM IPTG
concentration and a temperature of 28°C. The results of the analysis of the recombinant protein
expressed on SDS-PAGE gel indicated that the EcoRI was expressed as inclusion bodies. The
solubilization of these inclusion bodies under mild conditions and refolding with 3 M urea
demonstrated that the inclusion bodies were of a non-classical type. Furthermore, results from the
refolding process, using both dialysis and Ni-NTA column, showed that the yield of refolding on
the resin was higher than that obtained through dialysis. Enzymatic digestion reactions using the
produced enzyme and a commercial enzyme indicated that the purified recombinant enzyme was
capable of cutting plasmid DNA, similar to the commercial enzyme.

Conclusions

Refolding of inclusion bodies on the column resulted in significant time and cost savings,
demonstrating greater efficiency compared to the dialysis method.
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Introduction

Restriction enzymes, also known as restriction endonucleases, are enzymes that cuts at
specific sites in DNA sequences. The primary function of restriction endonucleases is to degrade
the genomic DNA of invading viral agents in bacteria, leading to bacterial resistance. Type Il
restriction endonucleases are the most common type of restriction enzymes. They recognize short
palindromic sequences of 4 to 8 base pairs and cleave the DNA. These enzymes are widely used
in genetic engineering, specifically in gene cloning. One of the most frequently utilized enzymes
in molecular biology is EcoRI. EcoRI is a monomeric protein that functions as a homodimer. The
EcoRI endonuclease recognizes the palindromic DNA sequence GAATTC and cleaves both
strands of DNA at G/AATTC in the presence of Mg?" as a cofactor, producing sticky ends. The
conventional method for producing these enzymes involves the use of genetically modified strains
of Escherichia coli, which have been mutated to overproduce EcoRI. However, the purification
process for these enzymes is both costly and time-consuming, as it involves the use of multiple
chromatography columns. Escherichia coli is one of the most widely used hosts for recombinant
protein production, with over 120 recombinant proteins being produced by E. coli. However, in
more than 80% of cases, the expression of recombinant proteins in E. coli often results in the
formation of inclusion bodies. Although the formation of inclusion bodies offers several
advantages, such as high accumulation of target proteins, resistance to proteolytic attack, and easy
isolation, solubilization and proper protein refolding is a challenging problem. Common refolding
methods include dialysis, column refolding, and the addition of additives like sucrose or glycerol
to reduce protein aggregation. Given that the EcoRI enzyme has a simple structure without
disulfide bridges and exists as a monomer, this study investigates the recombinant production,

optimized purification, and refolding of this enzyme.

Materials and methods

In this study, the EcoRI gene sequence was isolated from E. coli RY13 and transferred into
E. coli DH5a. cells using the pET28b (+) plasmid. Colony PCR and double digestion of plasmid
DNA confirmed the correct assembly of the construct. The recombinant plasmid was then
transferred into the expression host E. coli BL21 (DE3). After confirming the recombinant
plasmid construct, the plasmids were transferred into the expression host E. coli BL21 (DE3).
The optimal conditions for protein expression were investigated, including the type of inducer, its
concentration, and the temperature after induction. Protein expression was evaluated in terms of
soluble protein or inclusion bodies using SDS-PAGE analysis. Refolding and purification of
recombinant proteins were carried out using affinity chromatography and dialysis. In the first

method, dialysis and refolding buffers were used to refold the recombinant protein. The refolded
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protein was then purified using an affinity column. In the second method, and both refolding and
purification were performed on the column using 3 M urea. The yield of the enzyme from both
methods was determined, and the efficiency of the two methods was compared. Purified enzyme
activity was evaluated. Enzymatic digestion was performed using the purified EcoRI and a
commercial EcoRI from Thermo on the pET28a plasmid, which contains the EcoRI recognition
sequence. The enzyme's activity was compared to that of the commercial EcoRI enzyme from
Thermo. Protein concentration was determined using ImageJ software, and data analysis was

performed using Prism 8 software and the Tukey test.

Results

Plasmid was extracted from positive colony PCR bacteria, and the accuracy of the
recombinant construct confirmed by enzymatic digestion with Ncol and Xhol. The lac operon,
one of the most commonly used to regulate the expression of recombinant protein, was used in
this study. The lac operon was activated in the presence of lactose and IPTG as inducers. Our
results revealed that the mean expression level induced by 0.8 mM IPTG (2.38 £ 0.07 mg/mL)
had a highly significant difference compared to other treatments. The expression level of EcoRI
was evaluated in all treatments, and the optimal conditions for the expression of the EcoRI were
determined to be 0.8 mM IPTG concentration and a temperature of 28°C. The results of the
analysis of the recombinant protein expressed on SDS-PAGE gel revealed that the EcoRI was
expressed as inclusion bodies. We also found no significant difference in soluble protein level at
different types and concentrations of inducers. Additionally, based on the mean comparison test,
no significant difference in recombinant protein expression was observed between different
temperature levels. The solubilization of these inclusion bodies under mild conditions and
refolding with 3 M urea demonstrated that the inclusion bodies were of a non-classical type.
Refolding of the inclusion bodies was performed using two methods: dialysis and
chromatography with Ni-NTA resin. Both methods can be used to refold enzyme. The
chromatography method, with higher yield (0.86 mg/mL) and lower cost, was selected as the
optimal method. In this method, the denatured protein binds to Ni-NTA resin and refolds during
the washing process. Not only does this approach save time and cost but it also prevents protein
re-aggregation. Although one of the conventional protein refolding methods involves diluting the
solubilized protein and dialyzing it in the presence of a refolding buffer, the large volume of buffer
required for large-scale production is a limitation compared to the chromatography method.
Enzymatic digestion using the produced enzyme and a commercial enzyme demonstrated that the
purified recombinant enzyme was capable of cutting plasmid DNA, similar to the commercial

enzyme.
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Conclusions

In this study, we aimed to express recombinant EcoRIl. The ease of purification of
recombinant protein compared to the native protein is a crucial factor. The determination of
optimal conditions for expression and purification of recombinant enzyme depends on various
factors. Applying a single method for all proteins is not practical. While producing recombinant
proteins in soluble form eliminates the need for subsequent refolding processes, expressing them
as inclusion bodies has a number of benefits, including 1) very high protein yield, 2) protection
of protein from protease digestion, and 3) preserving protein structure. Therefore, producing
proteins as inclusion bodies can increase production efficiency, making the investigation of high-
efficiency refolding methods for inclusion bodies highly significant. Based on the results of this
study, the purification and refolding of recombinant EcoRI enzyme on a column is more effective
than using the dialysis method.
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a3 YV (VepG/MI) CpasloblS Sogm 51 (gols o3 (Voo 13 ) o> Cousd) @wlo LB i oo 1) Lo Y-
b ol 8l sy +/A 4 OD 600 MM 15 (535 (555 w815 ol o8 (Sloj 5 o Jiio TPM N8+ e 5 31,5, 5Ls
gz olyS il dopd =Vr 50 g ad bl (o 58Sh oy 488D O e g g Be v+ TPM oo b ¢S Jaloro §gut yiluo 1
<Sb eiS o Vee ool Ly 4 .(Hannig and Makrides., 1998) ai ¢)luSs san slo Ul sl
BB 55 grlSige Wl (b g fu 69y p sl A o St b g 039530 oS5 5L jd e Ve 390 Sl

Veooo IPM o3 b adBd Vo e .(@mplitude’y .- cycle /Y (glasl Yo colpwl b g asl Yo a5 )b a ,L %)
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L) 09l (gl 0aiS 3 J3L 5> S jlSSl pluer] lgis s cossl Jolomo o (oo (s> 45T Fuks yilus I Juols o)
5 Ol oy b odatsl bl ) (g ol )3 iy ly (slaitiy sty Santa il 3l g g o () g —2eid
4 (SDS- PAGE) clilgw Jwdgd po youis > dual STl J5 5 55599558d) 51 onlissl b odd (anlss gy oS
SLasl 3y90 ojluiles 4 g5 b plosl (Biorad-mini protein Tetra Gel) ;b wiww—w jl odliiwl b 5 oY 59,
(PH = 5/A) do s ¥ 005 w8120 J5 5 (OH = AA) do 3 VY oSl J5 51 ecemaol (35315 5k YD 45 S 55 g
DTT (a0 V+) JgyundS < (FIAPH ¢ £Y0 MM) s 5) (Jo¥ j3b 29,500 VO b diged 39 Sio Yo g i ooliwl
A0 50 aidy Vo 3,5 5l b lndiges s bglsee (Laemmi, 1970) (oS jlaée gl Jgidgey g dusy> Y SDS ¢ (3-mM)
b 4 g oal)la b piig b as edlaiwl g Yo Wy 5l )5 g (sladiges 559995l (gl iad obildgs ds s
o 8L Gl8l ey Vee 4 Sy oaiSTae S 4 sk Jgibgeg 555 29y 51 (e el K0 )18 J5 93 0o 50 50 Sy
9y 4483 V0 ©ae 4 (Coomassie Brilliant blue R 250, Sigma) (¢ 5615, Joloxo 55 b J5 559995 plosl 5|
J5 i) A BAS B (6555 8,5 )5 15, plone yma 53 s 38 i ST SIS Jj sl j3.08,5 1,5 S
Ll debl gy sl e g

31)5 ol 4 > YV 9 YA) Lod (gl ygiSl I Lalises golaws > ECORICAS 595 gy Ly (ECORI (pdig g yly
23 Tl SV L g (olad Ml gl B ) ((Ygaislio /7 5 IMIPTG 1) i p SV 50 jSY) SWIclle 5 6

PEX HIS) (s dlis dgrg daly & 1 hled (815 93leg,S" 51 o3liuol b (g0 (5Ll
5 Pl x5 oS 9y 90 4 (NINTA (5)) (e (31,5 5leg 8" ) oolizsl b g0 (aal58 e 98 g 0

gy 4 1l (g 4 ywly 9 (b Sl )3 plo Glie o 9 S P9 g n SilepAlS ey e sglated
AMQIML 5505 olyan & () Jgi) gt 0285 3 2l 8o YO+ 0a blall s lamo 2 o (i jl odslnay
4l Ve ) golyd lael cod S Hlan (b Jslore e ab eSS Sl ax 3 YV gled jd ad By Ve 4 sl
Ve e ay ol bl geaslSiigus Sl 18,5 )13 (5,m5hS Ve (g VO ) (& (59 colyl asl Ve g (pgmnlSig
5039381 (V Jgia) 05l (g9l 0S5 (8L o1leBl ogay A Sauty il VY oo TPM e yus 5 31,5 Bl a3 ¥ 3 addd
B9y il Al shiieds us esaliie SDS-PAGE 5 (55, 52 4 yssly 5 (b gm0t ol 0958 (e Ct>

Vo 32 Sl gy g A 001 gy A8 O e 4y Fev e TPM jod b (681 Sl oo Vev 290 oS g0

9 combinational

10 native
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b9y 50 94 BLsl NIENTA () 51 j2ds Sio 00+ a cl Jslomo (slopntign (59l 45 29y olo caiedd Ve ot
Ve 0SBl e ad 8L g5y 4 g 4Ll gl (ol oS 1) 3l (LS e Jods il Sl ol gy 4 (S
a2 ¥ (slod o el gy 4 (50> bawogs ol il g b g oad > (52jlSl plue) Jslome (i 2 e
g b 0303 1 VAL TPM 503 b (3> )13 S 69y 2 9 255 ol (Pu 5 92 om 2 ) 098U o) oIS sl
J5 895 3 ean Slp st S S Bged plgisas 09y @le Sl 5o alBd 93 (I Sy e 4,101 TPM Foudy il ]
plos 4l 5l el 5 < J5 5539, gulis (i ase o b (FlOW-through lsie cos) Jolomo 4 5 2 b (Ja ST
o & Jhate Yo o 8 alsyo 5l Lol (3055 0 (5o =Y+ °C )5 ailoads Juate 135y & S Fg Jolro g
4 Juate oy (Sl pglaioas 3T als o )3 b ool gt (V Jgaz) ¥ 9 ¥ ¥ ) (oot 3 b g 4 o]
a0 ¥ glod j3 aids ¥e dgda o 4y adiges g 03,8 Bl (V Jgdo) o)l 3L yidg oo B+ =Y+ dgds (S5 (55
Sy pslaioss Cusl oa3alls ECORI (15ig s (55> 45 29y @le Gonta piles J) oy 5 <85 )18 1S4 (55, 91,5 il
b (6 =Yy )8 0 (sl

S PP owgn st jelileds il palls (ay8L (slial Y Jgs

Table 1. Components of the buffers for purification the recombinant protein

Chemical Native lysis  denature lysis Wash1l Wash2 Wash3 Wash4 Elusion

material buffer buffer 3L L L 3L sl
slss  (Equilibration) (Equilibration) )f - ':s . {B . ,“s S
s F NI B oS B 7 , ’ ’
IS
NaH.PO, 50 mM 50 mM 50mM 50mM 50mM 50mM 50 mM
NaCl M M 2M 2M M M 1M
Imidazole 20mM - 30mM  20mM  20mm  20mM  300mM
Tween 20 0.1% 0.1% 0.1 0.05 - - -
PMSF ImM 1ImM - - - - -
Triton - - 1% - - - -
X100
Urea - 3M

igah go s ying San VY ed 31 o3lisol by PH= A a1 ans 353 s 8l oled #

IPTG=) bl slaygisb bl 2 oS 5595 onBn ol 15403 51 03lsl b S 599 (g p (21,131
Nacl: ) b 8L o celo VY oo @ 3 gy b cuS 59 oplgp 8L Largs .45 bl (0.8mM, Tm=37°C

L (300mM, KPO4 pH=7.5: 10mM, EDTA: 1mM, Triton x100: 0.15%, DTT:1mM, glycerol:25%
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(023 21)T5L) Ugloxe gy i plowl oL, b a )3 ¥ (clod ;5 9llsehs VF 1 GT S L (SIgMA) 50U auuS ;1 odlazul
8,5 )8 g 895 3 S oy J osliel b (gilepalls jglates,

olio & 905 8y ()5 3L ] 0rbpalls o5l Culled gy (Sl 1S 595 ECORI o3 351 Codlad quw 59
wan (Sly 35 cul ECORI 51 (clp ololis olols G (clyls a5 PET28a suewdly .05 o3lisl ol ECORI s 53l
O clalog 5> muan STy b oolitel wals lgica 15 (505) ECORI (g)los mu il 8,5 1,8 oolatuld ygo diges lgicas
ool el ¥ o ¥

N3ley 5 ookl b Juols (slmosls 3JUT g IMaged jléle 5 5l oslitol b dlols opisgy clale :2odls (g kol 5L
Py Sgp pascie pilie L SDS-PAGE 5 ) aiges j dlols b s dunlie 03,5 |al Se 905 9 Prism 8

5 dpsloee Bl Celies ) Jols s 5008y wey b 5 (BSA) ol (pposd]

Folhe O 3olas g o yd YAAA Jols opig s pod jlid b Sloygiilon (wyp 5| ol ol olul 2 J1gi 3L
039 ygdlelS Y'Y dgas JoSUge 59 s> g ) A Vo3 1S Sliius @jguods duoyd VoIYY g LuSile Wl sy
)55 ) 5l g plsea B CONT g8 o el Vo (g)lul josaass 5 FF/AS (o)l pasL s bl
e olyeas —+/v8s (Grand average of hydropathicity) Ssbg,ie IS 5:S5ke asls olwl 095 o
sl YIVA Jolsa I Pl g 33,5 o (caidind Covgd]
a1 (b sloolSols gy dbgyye sla 55T 5l oslil L ECORI (5 (sjluhis 30y U g g5 lvaslumon
SowoMy s b plosl sldl 281y PET28 Sly J5b g PCR Jguamo (o 3l puins I L .05 plsl XholgNCoOI
JS) as anl 5,87 U5 55 55295 AYY b osliio b« sou 31 puded yues 9 PCR 51 ooliczsl L ECORI-PET28 oS 595
)
w3 9 Cwgdl Cuplo iomen 5 (Siloysilan (iniin wlwl » IS 9 mSgp ole (§jlwdugg

il U1, (Qing et al., 2022) 5,5 olo Jglre & ygods 03 Wg5 pZig p sdos 45 duwy oo Jhai 4 « ECORI

11 Cut off
12 Random coil
13 extended strand
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GeneRuler DNA Ladder Mix

bp ng/0.5 pg %

e ()

=]

/77777 1)

coooNbahanNuvOMNooonoe

1% agarose

csolaid (61351 ylw 9 XNOI g NCOI (o 2 (sleeos 331 (J1o5 1 g9l ECORI S i (45 8095w 2A L) JSUS
=Y (e J S 1Y Y [ECORI-PET28 ca 5igs spomsdly sl S PCR (IS Jguaons 35589 51 :B

&9N1:C .(Thermo, SM0333) 539 »5 b0 : M g AYY bp (459 LECORI S g5 (45 51510+ sl

Swons¥ly 3 (59 5 o M (393 XNOL 9 NCOI (o453 2 3Ty S 595 ssousdly (o035 i 5598 )

0l (S yg el AilSed ¥ « PET28 wewdly Y (pax I JEECORI-pET28
AYY bp axlad 23141  (5.3KD) oMy

Figure 1. A: Construct of recombinant EcoRI gene contains the sequences of restriction
enzymes Ncol and Xhol, along with other regulatory components. B: Electrophoresis of the
colony PCR product to confirm the recombinant EcoRI-pET28 plasmid. Lane 1: Negative
control, Lanes 2-6: Positive clones, M: Weight marker (Thermo, SM0333). C:
Electrophoresis pattern of the enzymatic digestion of the recombinant plasmid with the
restriction enzymes Ncol and Xhol. Lane M: Weight marker, 1: EcoRI-pET28 plasmid
before digestion, 2: pET28 plasmid, 3: Double digestion of the recombinant plasmid,
plasmid size (5.3 kb) and fragment size 833 bp

14 Cell lysate
121

8, SN,



RN,

(YE+€ <o ylowd < 0y90) (6559WiS 559/ 98T g dlo

A ey lo o L Lo9)J gy S (g Cawgd] Cl oabosh L (L3 lalllas 4> a8 jgbo lan ¢yl plo

9 il Ol oy & 5459001 ples] oy 4 (pSgp ess (Katalani et al., 2020) s_isb o Jolo p 3
L (o9 ST slaiBgn 20 (S 0368 5 Singhy ' glmosilo B olass ¢ JgSUge () wiile (g (2lrorB5S 528
3 g8 (S50 sadlaly 4 1) gd e g5 (60, Skes il b L g Jsbee ©ygu0as Yans o8 (J5Slge 05
ligers pyd jpi> 5 (S oSl pluzl (olord 5 (Sl (5)luk e 4 451 .(Dyson etal., 2004) uSsy 5 45,
placrl ©ygods By ol S (pem 4 gl 00 e SlopBign sl 3l Sy gl gilupalls Y JB b LS,
ol Olidss | Sy ol pogMe (Marco et al., 2019) el Jlow! 3150 5| (o)l 1> 29> lico )3 (Sg254l85]

(Singh et al, 2020; Singhvi et al., 2020) sl i) Jé (clapuSgn Jols w6lgs o S925655] plucs! a5 Wlos,8
Sl Sgogn 4ozl 18C o)) Sg05 tECORI S 98 gy et iliwe 2 of e 3 S g3 03l

sblie Aol 950 JUb 555 5 IPTG (slaSWIL geg ol g go odliiwl E. €Ol (5351 )5 o ol aars
ol S il clacale 5l osliusl Sl 5 oyl slod 53 Wl cllB (35 Ll g3g sabonsd (b Sl 1 ool
S9dise suiwd Ol Oliee 53 brwgie sla)S Wl alorjl 598 STl (58 sl (liord slo) S JHIPTG S

b y¥se ko /A clale 13 IPTG Lausgs oasilill by olsue (5650ke dulio jI Juols ol ol ,» (Faust et al., 2015)
(7 JS3)0,0 b jlass pilos dy Conmd (gl sime shomy BT 2 Lo 13 )5 oo YIYAL +/4V i
E. cladslow o) » (SInlie )b aSiul g Wlg5 oo S e 3 IPTG lacdale (23l & el oas el
el ogllas S g ooy n qn—e (S0 il Caled ) a8 aes G ofis ol ol S ))s COll
e i a5 ol oa ool LS 3 Sldllas 5l B )3 45,51 (Gholami et al., 2017; Katalani et al., 2020)
(Papaneophytou et al., 2012; Larentis et al., 2011) s)lss Jobxo ;9 oo oil33! » )b sme 5L IPTG
S s & ol (VB JS3) el slaiz o5 S 9 2 )3 Jolone (09 ol line o Canl 05 030305 adllas oyl 3
e 2 ol 86 5 Sl g g cplplis (1 JS8) 3blge 598 3] it IPTG gy 00 Wl g ol e
P My sladaije JialS jglateds 4> STy Gliee Johas 13 0ad by S 595 (g p £ & (Sam Joloxe (uBig

gai o3l IPTG (sloay i)} (30l Gl |, 55

15 Residue
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g 595 S L« gr;olSSl L il g 9 ;oY LS Y (B 1 Jud adges :Y(Thermo 26616)
19 1C. Jglowo oalia s 9 IPTG S o Gign oISl olwanl (i 0 9 IPTG ,S1EI 10 (Jgloxa iy
YA sbod 3 wS g (g p ol GWIEYVAPTG SWlg dx 3 ¥V glod j3 cuS gl (g ol sWI
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Figure 2. The effect of factors such as type of inducer, concentration, and temperature on
the level of recombinant protein expression. A: TO represents the cell protein sample before
induction, with lactose inducer at concentrations of 3 and 6 grams per liter, and IPTG
inducer at concentrations of 0.6 and 0.8 mM. Bovine Serum Albumin (BSA) was used as a
standard at two concentrations. B: 1: Standard colored protein marker (Thermo 26616), 2:
Sample before induction, 3: Lactose inducer and inclusion body protein, 4: Lactose inducer
and soluble protein, 5: IPTG inducer and inclusion body protein, 6: IPTG inducer and
soluble protein. C: 1: Induction of recombinant protein expression at 37°C with IPTG
inducer, 2: Induction of recombinant protein expression at 28°C with IPTG inducer, 3:
Induction of recombinant protein expression at 37°C with lactose inducer, 4: Induction of

recombinant protein expression at 28°C with lactose inducer
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Figure 3. The effect of inducer type and concentration on the level of recombinant protein
expression. Two inducers, lactose and IPTG, are shown at two different concentrations. The
expression level is measured in milligrams per milliliter. Asterisks 1 and 2 indicate highly
significant differences at the levels of 0.05% and 0.01%b, respectively and, ns: indicates non-

significant difference
5 Ay dinge & 3,5 Bl a2 3 YV (slos p> 68 ) oS ol e 22 b el sy pslatens tlod )‘:"3
D9 oo by ainl W) Cage 5,5 Bl a3 )3 YA Lod ialS b (com B 50 e 5 0duwy (Jolows 0395 jlade o i
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3ylg0 3l By (¥ JSB) del cawd 0yl Juo )3 2,5 o +/OA g +/F L 4 oS Slo a5 )3 YA 5 YV (clod g3 3 S
Larentis et al., ) 5,15 g ol oliwe > (oljm 1l 31,5 5l 4o 3 VA LYY Glod ke 4 el 01 318
(2014
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Figure 4. The level of recombinant protein expression under temperature conditions of 28°C

and 37°C, using two inducers, IPTG and lactose. ns: Indicates non-significant difference

G393l plual US54 0130l S 595 B p Ml 5l oz ! 53 32ly136 9 ECORI (g s

3 oslisusl ¢ 592 5oIS3l el (3Ll 51 o )WLy (gl s 48 )8 Jas 5> S92 30lSSl plun] sz LT3 (sl S, 9
S3lwpalls (bles (g 5l o3litl b ord o5k g e Conl S g Bgp (50,836 ebateds (2DT5L 5L g 3L>
S gt (S9y 2 9 515 2Ll ( S9256IS0l plia] JSUb ) gy o) WV 390 53 gy ol 5l eslitl L oy 8
2 g e 33 )5 (oo IV 905 )3 gyl 13 0 (giles Al gy le Eee )3 (OB 5 DA JSL5) s
Olje 9 35 ploxil )Y ¥ oyl jl o3l b g (9 (595 3 (silwgalls 5 I3 alspo 93y 5 Bl 1L dlsye g3 (i3,
@ a9 b otelecwda gls (wlal p el cwts i e 5 2,5 ue /A 3g05 39y ol )3 giw jledd Sgll gy
039 b b, 3l sk gy (55l 5 )il solate 4 S (sla gt Sl odlitil (235l (e dje g g By
15 bl gam Sliylejl ) ool jolaias oyt jlodlizl b By plojen (2l3L g il (Al by, soaiatds ol
2 @Dl g silopals 1618 (o) 4 (st oy (shh) i yuly oS 59 g Jlail b g, el o o5 JSS)
qoee (52,50 dbnl Bl g 4 Juate g 0ad 35, Sl 53 (1S9 p &5 Cjgo (pd D98 0 pll Jlgte (sbgiins
6 ySlas HB Lo o9, opl 5l edlitnl b sdds (il jalls 59y oS wleals oLz Katalani et al. (2020) .cusls salgs 1,
katalani et al., ) >)ls ool sass (gjlujalld Jolome ygmdy 457 gy b (F9ls (o )lidls Jlai 5l g w8 o Lads 1) 595

125

8, SN,



RN,

(YE+€ <o ylowd < 0y90) (6559WiS 559/ 98T g dlo

el 3 1) ofisn sladsSse a5 30 3929 VoMo 0,5 o B9y iz «SislSSl plal (35 J> 42 (2020
0130 dad p 8 S jload Jslowo (g (slaJsUge S l3l daig) cal b3 s 455 0l deg 5 0y s
Oy a8l ama gl (Trinh et al, 2021) 4 oo (55l (sim (S2)55 (b )3 e gon8 jl 5 99—5 o0 £9,—5
ol ol o LS s > Vg0 ¥ o9l (giluwdis yuoly mode byl coss 5 13,5 ol S2551S5] plue] S & ECORI
Cwd 1y 095 (o 213k (Sg23slSSl plia allS o olge Bl b .l S adlS i £95 | S525lS0] plven] &S
2 08> iy b 5 ead > (Bion 3Ly Onan ol (o) (bl sl oy Slaiyy dlexsl sl e
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52,36 4,8 (Oganesyan et al., 2005; Singh et al., 2015) 55,5 o Jsg00p (S wtp (a0l g o o150
b saoe (59,680 Al 8 e opizan b pldl g YL slaclale > i 1) (BSgilog S sl i > (g e
Silwals 4018 53 Jolye (il Cage ) cpl sl olyon Bua (159 (il palls g 0ailS aduly Jelge Sl
3o b g o5kl oasad 354 5, cuidee .(Jungbauer et al., 2004; katalani et al., 2020) 4.5 .
2l (St 2yl3l 3l oS 4
By 03d T3l w48 cusl ool (L5 ma 3T b sy 3l ol il 1S g8 pr 3T Cllad w0
JS5) 6505 595 93, Sae JS5 4 0B 23k 4 08 (B1S5les S g sl Sl edlizl b ik gy 9 8 el Jlab
g V) e e g3 5 gl gy 9 0 5l Jolb iy PET28 sausdly o min (g0l 51 Jols gulis olisl 52 (¥
€5 42 b g ooy ol 03 (Y USS) il (6)18 w3l b o Cllad 538" dloml Sansdly (55, 2 VG by NFe
35030 5 1y gt S5y 2 DS DS i 51 (S 5 el SIS g oty (Bgy st 59 2 bl e

(Oganesyan et al., 2005) 13,8 cauogs YU shudlgur (65 Bb s> gl (sla gy

16 mild solubilization
17 Single digest
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Figure 5. Refolding and purification of insoluble protein (inclusion bodies). A: Lane 1: Total
cell content before induction, Lane 2: Insoluble protein (inclusion bodies), Lane 3: Soluble
protein after refolding. B: Steps of purification for the refolded protein. Sp: Supernatant,

Ft: Solution after passing through the resin, W1 to W4: Wash steps 1 to 4, el and e2: Elution
land?2

Wi W2 W3 W4 el e2 [

!
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Figure 6. Purification and refolding of insoluble recombinant protein on the column. TO

represents the bacterial cell content at time zero after induction, sp: Supernatant containing
protein content of lysed cells. Ft: Supernatant after passing through the column, W1 to W4:
Wash buffers 1 to 4, el and e2: Elution 1 and 2 used for separating the protein from nickel
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Figure 7. Evaluation of recombinant enzyme activity, showing results of enzymatic digestion

after 4 hours. Lane 1: pET28 plasmid digested by recombinant enzyme (refolded on
column), diluted (1 to 100); Lane 2: pET28 plasmid digested by recombinant enzyme
(refolded on column), diluted (1 to 400); Lane 3: pET28 plasmid digested by recombinant
enzyme (refolded using dialysis), diluted (1 to 100); Lane 4: pET28 plasmid digested by
recombinant enzyme (refolded using dialysis), diluted (1 to 400); Lane 5: pET28 plasmid
digested by commercial enzyme EcoRI from Thermo; Lane 6: Undigested pET28 plasmid
as a control
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