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Abstract

Aim and Background: Proteolytic enzymes are essential for the survival of living organisms by
irreversible hydrolysis of peptide bond. Carboxypeptidases are proteolytic enzymes found in many
organisms and are widely used in various industries, such as food and pharmaceuticals. Aims of this
study are expression of carboxypeptidase of chohnella AO1, purification and determination of its
activity.

Materials and methods: The gene of carboxypeptidase of cohnella AO1 has been cloned in
pET26b(+) vector. Competent cells were prepared from E. coli BL21, plasmids were extracted and
transformed to expression host. E. coli BL21 was cultured in LB medium and protein expression was
induced by IPTG. After that cell harvested and recombinant protein was purified by Ni-TNA resin.

Results: The expressed recombinant enzyme is a glutamate carboxypeptidase that capable of
separating glutamate from folic acid.

Conclusion: Hence carboxypeptidase G has medicinal application and recombinant
carboxypeptidase from cohnella AO1 is a thermostable enzyme, after optimization, can be use it for
medicinal application.
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4 -Pseudomonas sp. Strain RS-16
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1 - HisTrap® HP affinity columns

2 - HiTrap® Desalting Column

3 - Fast protein liquid chromatography
4 - SPECTROstar Nano

5 - Signal Peptide
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carboxypeptidase [Saccharibacillus sp. 016]

M20 family metallopeptidase [Saccharibacillus sp. 023]

M20 family metallopeptidase [Saccharibacillus sacchari]

9 M20/M25/M40 family metallo-hydrolase [Paenibacillus kribbensis]
9 M20 family metallopeptidase [Paenibacillus sp. FSL H7-0326]

M20 family metallopeptidase [Paenibacillus sp. FSL H8-457]

peptidase M20 [Paenibacillus sp. Y412MC10]
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M20/M25/M40 family metallo-hydrolase [Bacillus luteolus]

M20 family metallopeptidase [Bacillus yapensis]

M20 family metallopeptidase [Bacillus aciditolerans] l 0.1 I
M20 family metallopeptidase [Bacillus onubensis]

55 053 oo (L 575 15 M20 iy S Sin 53 oolslle LTV iy (oS8 e ol s £ S 0 ¥ S

(w



https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

285458.1400.11.42.6.6 ]

&)

[ DOR: 20.1001,

250kDa —»
150kDa —»
R
s

100 kDa
75 kDa

50kDa —»

37 kDa

l

25kDa —»

20kDa —»

_ & -
L A A

250 kDa

150 kDa
100 kDa

75 kDa

50 kDa

37 kDa

25 kDa

20 kDa

15kDa

M o5 B ppas IPTG L W51 3 ¥ 51 (sl ilS e ¥ 1) sboesgios (55 550 (39 a5l M 5 1A g —F S5
PTG Loy Gl 51 oy sl Jlaz 5 Gy ¥ B sl S i 50 8 I F sl omiis n Jsga (339 Lala

IS les (315 5leg S gt 1 oolatul b ety (el —0 S
Oeen 1) Oge oefisn J5se 035 AL M (g g law —
Al b osiiad 5l ey ead syslaez oo IV (gt ead alsw
3lome 5l o o iSh pad 5 Sl el Jolome Y (gt gttt

595l — JS5 (gt

o 9n GilwAlls g ol
shoolat ol Jdoay s Wl 5 (Lo IPTG 5l eolazal
adlis ghyls 0ads b S 98 (e5g 5 PET26b(F) 555
= 5 om sl gl esliiul bl (Susics
09 L (e Sl g 08 plmil (ets p 53l Al 59 law
JiST Gk J5 9 5598980l 5l eolicsl L ¥V/2 kDa JsSUse

(O JSK5) o oanlive SDS jea> o Aol

oy anlad (g g 3l (295K

1035 Jslome w0 (aelss 3l il e se lil @
“eez ol ObL b gl YA zoe Job 5o Sy 5 Sl ons
5 S sl Jslme g Grdhe ¥ o0502) wo S (s
a5 Gloy b (S sl calan Soy Glalidl abasd Sl gl
(P JSD) b 5 590 w9,8 5 il clloas o)lss zse ()


https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

[ DOR: 20.1001.1.22285458.1400.11.42.6.6 ]

Yo¥ slasiy S92y o 5T Collad riw
STy Jslme 4 (o) 3p50 sl oged @LSL )
o5 ab sonlie gl YEA zso Jsb 48 wis LialS
Al g el SSgp0 4 Sgd anl i canaslis
Jolee YoV Slaiy (owS9,S il codld ool Saligls
VA S5 5 a8 jsbiles canl osd dnla 1V U/ml
ety oI55 w3l dawsd sl b 055 oo ovalie
Vs a5 Sed e app Slligls 5 sl Stgrn 4 G
ol S g w05 yagsl TEA zgs Jsb 1o i slls
25 s ol W8l S zge Jsb 50 a3l STy
odds ool lid dids o Lds Ol loged Y-B S

A UV1_280nm —— Cond

1600
mm—E B
1200
1000
800
800
400
200 c

0

2004

400
-400—

:FPLC olKiws 3l oolatul b ool jalls (nsSgy 5l alojSes —F IS0

ol B
— A K o Sy cul oBws a4y Gy gl saims lis K5y 508 08
logtd S caloySed gt 5l ceS S Guign gayS enmmsplis
oaips Hlii C K5y ol Sy g (g 5INACH 29,5 onino)lis B 5,
BN D Y
COOH 0.6
CH
: 2 ‘
0OH CHZ
|
- CHy~ NH~ -C-N=CH
COOH A - Selected area
0.5-
FOLIC ACID - __, Slop=tga=A/B=A0Dftime
o :
CARBOXYPEPTIDASE G =
0.4-
$OOH
CH
| 2
i
/ CN - NH- -C-OH + H?-Nﬂz 0'3 1 1 I I 1
COOH 0 1 2 3 4 5
PTEROIC ACID GLUTAMIC ACID B Time (min)

YoV oy oS e,S cudled 5l Lol aids 50 Sgd anwl Gz zals logei B (V) G jlaiiy nSe,S wo il lawgs Sgd ol 4o A -V S

el ooz jehaie codlad aile jo ol Ly g el 00,8 oy uald palS Qi Ol cod dagge clale alS cledy aay 4 S5 aids )

1 555 5 Shas (ol oo s S Syllie 5
BV Sty SeS mpl wls ZnT g jeas
aiy; NG 3D G Slaiy eSS L alis
sanlin ¥ Jgaz ;0 a5 aisSolen Jg o)l S areloul
5 oyl o Slxis abe slo)Lls oo 10 05l oo

0'0’

ol g dialapal ady ) PAY 5IV-Y Slay onSe,S o3l
03l b oo <ol 3 slls muil g0 s ol oo JuSiis



https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

285458.1400.11.42.6.6 ]

[ DOR: 20.100

390 i fa Yo Slasig wS5S mpl 188 JINVE.
adyy GBSl R e 5l cwl aeye 015 OF
ot oS35 Jlb a4l catas S5 slaarelal
ahyy @l o akell g8 g GBF JE Jxe G
wnsls cdllae Yo ¥ Slasiy oSS il b ol arcelogwl
M)&ojlmlbwmﬁww—IMI Sy90 0
5 Consl LSy baaalagsl g5 5 35,5 oo oanlive dtpalapu
aoy 58 YV Sy eSS mpl e Jlsl
Glul44 Glul43 Aspl09 His80  sloarelocul
Sy ales b oKl suias LSz5 His152 3 Glul68

ol O Sz Dol Gl W3l (2l Sl o g bsS
3 55 ol G3liee 25510 0 09 sa canlive w3l g
ado, 5l awlie ol ouls ool las YO SE o oS
apelipnl 2y 5 Y Sl (oS58 % olod el
ado, YV o5 cuul )53 LB - ooy 51T 65U 0 51 Y8 oleis
00 il wuity «5) o] (il (slectl o aicslonl
2 Sleer ik 5 mSel enid Bl g3l iee 50 g
sloaiologwl GlLbl o a5 55,5 0 svalive glaaieloe!
Sgpsbar Gyl 3 oS @l Jlad oSl snims fSis
BB Q' A ‘_ngaz,,aiwl Ay y O 5~>|93 30 Slhaen oo

S 02530 G Sl S 50)5 el pgo Qlozslos s Y0¥ Sl (ooS50,5 w3l (sl 00d (rmaiian p9° Oloidlo anglio iV Jooor

& bsS 5 gl oy BEESWRTIERPE VIRV [FORUREL-PIRWIR LAJT@_)L:_\.@)Q aieloge! Slass i S 9S
aslllas oyl Yo o \td Yf YAY A1
) AR YIve Yolo v yay G

X
&)

oo o 1, el o0 ol o] 4o sl 45 e,k
S (o0 w0l B grades 4z )0 slite (die (I Cen e
e Gline o 5 Ll oSS Sl S
b ol ool ossr el I S e 3 sl
OIB 5 oLl 50 et Sl BB (iato glaan T
5 eizmed able Ll Caro jo lag] eolanwl Jwily
S8 eolaiwl 8,90 N VIVO slalosms jo mpl &5 )90
5 oS i lmpl plo e o ol @lul 0pS
39 dalys Cunnl s w3l jesans » 38,5l Jelge
Wl o a5 el Llaiasls 51 Sy gyl Lasls (V)
in vivo slolase ,0 w3l g lub samoplis o b
TP Jolan Sair oS50 a5l sl ol ol 2l
b el YOIY Jolas G ot coS52S oesl el 5
dar 5T i oSS el os5ie slacl sty
Sl dlie o (Jy 905 o0 el slags]
Ll gz ool o5l 5t G2 oy oS08 w3l
wzge 3l yesansd Gl pedle (gle)S Cuslie (o5
S oo ead osliiul 5 (5,lS caddss g Csge
el cls walss Jlisay 501y 0,15 g5 (al58l o lge
(Y laalonwl jeax ol odsmsylis «Sslad]

Gl ol sl (g 50 rmglanl 5 s (ol

&S Conl 698 Slo lapians 51 (S PET Slo e
B oy Bsn o oSy bty ol ¢ly
ADL DngS jlaiy (S92, 03 &S cnl wazgs b gy
558y J51s ,o s DHSO a9 (LT3, (5251 50 DS
AT 3 Sl (VY) og eads esls 1,3 PET26b(+)
Sz b ol Gl ol plgiea; BL2ZT a5
Jobo 5l )l & g 5 PET (Slo it cilas
b 5350 caiis ol ol Lol sl il ok Lyl s
20,8 Gl IS cpl 0gd oo el IPTG 5l oolazl
I o505 ml I s 3l o oeizes OF)
5 o a5 wb aseiw SignalP g ,m 5l eolatal LYY
sl b alie Jlg g @l ool (igp JIy
s Glp Gilwgls Caro o aldl ol 0ezg xS
Gl oy ooliiwl ailis oo 51 G slacin (wSe0)S w3
Ol Bl 08,5 ol pem (5 5t g L ol adgs w15 b
5o 5o ol 5l om YoV Sl S oS g w3l
a5 5 9bar ool Cote sl (aKiole;] wlida j0) Jokw
ool anT b 1) b 1S Al jo iz e le
3 w5y oeiign 4525 5l @le Lol S o SN (1055
A—’j—“’s" les) 03 o LsLblew )‘ as QS’Lb)l““’f)" .Ia..ujs— Ja..?u
Gae Vg S O s sy ) ead -



https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

[ DOR: 20.1001.1.22285458.1400.11.42.6.6 ]

ol 5 9s olo 33 VY Sty eSS mesl sl e
w3 god oLis 393 5 Ll (S5 o9 Hea> 9 8w
(V' Jgoz)

I SLbisls a5 o o5 G sty (omS3:,8 ailon
gl Gl oS08 (V) a5 b olus g
oL b Xenophilus azovorans SN213 ¢S 5l ool
(V) sl 5 el a0l 50 Xen Gy jlagiy oSS
ol 138 G sty S35 5 5 5,500 655 oaizren
slesl 5l 1y Shll i, lbgls ady, pegdle
eSS Ly wle b o o bS5
sbiwogas | S (V) cwl oals By Gs sl
boaslie o TY Sty oSeS il olordse
ooy Hlas ¥ Jsaz 0 G35 Gy bjlacy Se,S

Liloads

ol ke az y2 5wt 50,50 il 0y Il ane]
Of @by Cunglivo Wil sty (st ) ael slase!
My oS5S mepl OA) 8l sales nlidl (g
el lo)F Canslie shls AF/+) SlidT asly LYY
sl St 5 AOL Dlags” 525k aSenl aazss b
ool 1 GYb as s 9s2s gy e Hlediay Cowgals I
S35 w3l o alo S Cuglie x5 5 50,5 A

g LAl 050 YoV Slaiy

S99 ADT Meass™ (5 25T o) aige slos &S (nl apazsi
il Clad gy jsliieas sl (g az e O
Al bl gl a0 00 gles Y0 Y Gl S e S
&9y % oy 5o 9 VIV Jolee PH jo oyl 25Ty 5
St n 54 G i eSS ] S
Jya> pae Dypo )3 S sy Cusl (5, iy Sl

G3 9 G2 Y ‘_th)L\:.L_u 6‘“55")5 LSL""W-')-"‘ gsll?"""“}‘" Lgl.md,‘...aya? )l 65)'3 A.M,[Lia ¥ J5..x?

& Skl asls oL g H$SBsS Pl I 039 2] gt eSS
SeslaJi (kDa) (U/ml) JRVC
aslllas oyl \tdias /) oY 555 N /8- v Yoy
[{i») - - oY 59 i VIYY Gi
) YONY ar/\A [ 89, YIA FA/A- A Gy
) - - SlaS gt 83, AVi%4 YEI Xen Gy
V) - - Slbsls L "y #IYY I Y#IV Gs
bl L S’
M))‘6).;5_1.‘>6l)_r)3J54_v45w|‘-,’4Lb9)‘¢)|é) ‘S :’!: .t

V) 0,5 (oo 5158 oolainl 350 (Sl sl Jsho @ o
L oS lowt 59 S st gop o il lialio
Sae e 50 w8 e 518 leys ca gyls ol 5l eslanl
2l 3 esliiul o) nl 5l aalmil se alS 5 05T Lo )b 4
G52 il )b g dlge dr SLLS Sgte a5 4y 08 a5
a5 G sl (508 w3l ol Sl ) g aals>
6,5 pb L cenloud 4 RS-16 o35 olipagoge 555k
3 90 DlawS Jgle g0 i jolS gl Voraxaze
VoA o s 6 )gSs slos a5 5,5 o 1,8 ooliciu
SlaS olap sl g (VF) el ugeads a0

lbordisn 6o pae 51 ()l 0 @ BlS lyieas Y
S ) eslial ol s )l i DNA s ales 5|
Sl Lo 5, i el Y oaalS
el mlio o, bl Jls 0 (YY) ol aaly>
e D 5 a5 oS g sl i slaemsiySl]
Sl L B 50 a5 (53090 iy Sl Slg89 000 15
a5 - 5LaSge, S¥s 8 5h0 1,5 3l e e Sigh
WNgige =, bndees s i ,5 i ;o (eulal (&

Sl Jgie 200,85 o oolaiwl bl s 51 > loye o



https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

285458.1400.11.42.6.6 ]

f

[ DOR: 20.1001,

Sl hls Wl oo ants Cevgole I slo S lg Se
S 9S Siplaazg b, cnl 5wt ol S~
Y5 e po a0l ADT Meass 6251 oS g sy
Qe sl (ogat )3 ;S Sl (o) Sl
a2 2Ly (St 5 le—bion gloli—ogas
Iy S 58 mSTL OF @b aslis s SluS st

Sile asin g5 b mlis

&l 5wl

s 65 Al el ] e Sl i
e s g ke oSty e 3 Jdobo it
19 YYOY-BOFAVY - 1) 45 L oS el o8 o151 (S55
sibaes LT 51 i e ol sapwy iy olSiils ol
5 oSl eage 1 |y 55 ol KiwislS e 45 g0l >
OLSel 45 (5 plidianys § S5 (ot e olRiagh
ol 1y 5a5 LS wisged el 8 1, (gl ol


https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

[ DOR: 20.1001.1.22285458.1400.11.42.6.6 ]

&L

1- Gomis X, Ruth F. Structure and Mechanism of Metallocarboxypeptidases. Crit Rev Biochem Mol
Biol. 2008; 43:319-345.

2- Barrett A.J, Rawlings N.D, Woessner J.F. Handbook of Proteolytic Enzymes. 3™ Edition. London:
Elsevier Academic Press; 2013

3- Hayashi R, Moore S, Stein W.H. Carboxypeptidase from Yeast. Biol. Chem. 1973; 218 (7): 2296-
2302.

4- Cerutil R.J, Pirola M.B, Ramos E, Robert L, Rubiolo A.C, Sihufe G.A. Use of an Exogenous
Carboxypeptidase to Accelerate Proteolysis in Reggianito Cheese. Czech J. Food Sci., 34, 2016 (5):
445-455

5- Eck P. Recombinant DNA Technologies in Food. In: Eskin M. Shahidi F. Biochemistry of food.
3rd ed. Cambridge: academic Press; 2013. p. 503-556

6- Varga J, Toth B. Novel strategies to control mycotoxins in feeds: A review. Acta Vet Hung. 2005;
53(2):189-203

7- Rowsell S, Pauptit R.A, Tucker A.D, Melton R.G, Blow D.M, Brick P. Crystal structure of
carboxypeptidase G,, a bacterial enzyme with applications in cancer therapy. Structure. 1997 5; 3:
337-347

8- Sadeghian I, Khalvati B, Ghasemi Y, Hemati S. TAT-mediated intracellular delivery of
carboxypeptidase G2 protects against methotrexate-induced cell death in HepG2 cells. TAAP. 2018;
346: 9-18

9- Rattu M.A, Shah N, Lee J.M,Pham A.Q, Marzella N. Glucarpidase (Voraxaze), a
Carboxypeptidase Enzyme for Methotrexate Toxicity. P T. 2013; 38(12): 732, 741-744

10- Okai M, Yamamura A, Hayakawa K, Tsutsui S, Miyazono K, and et al. Insight into the transition
between the open and closed conformations of Thermus thermophilus carboxypeptidase. Biochem
Biophys Res. 2017; 484: 787-793.

11- Khaleghinejad S.H, Karkhane A.A, Motalleb G.R, Aminzadeh S, and Yakhchali B. Cloning,
expression and characterization of chimeric Bacillus Thermocatenulatus Lipase in E. coli. Molecular
and Cellular Research. 2015; 28 (2): 202-210

12- Hajhadi M, Cloning, Expression, Purification and Characterization of Carboxypeptidase G,
Enzyme from thermophile bacteria cohnella sp.A01 in Ecoli. Iran, Institute higher education of
nourdanesh, 2016.

13- McCullough L, Chabner B.A and Berton R. Purification and Properties of Carboxypeptidase G;.
Biological Chem. 1971; 246 (23): 7207-7213

14- Jeyaharan D, Aston P, Garcia-Perez A, Schouten J, Davis P, Dixon AM. Soluble expression,
purification and functional characterization of carboxypeptidase G2 and its individual domains.
Protein Expression and Purification. 2016; 127: 44-52

15- Carl C. Goldman L. Goldman P. The Enzymatic Hydrolysis of Methotrexate and Folic Acid.
Biological Chem. 1966; 242 (12): 2933-2938

16- Rezaei S, Farhad Talebi A. Progress in Escherichia coli production of recombinant proteins.
NCBMIJ. 2020; 10 (38): 9-27



https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ Downloaded from ncmbjpiau.ir on 2026-06-27 |

285458.1400.11.42.6.6 ]

f

[ DOR: 20.1001,

17- Guruprasad K, Reddy B, Pandit M. W. Correlation between stability of a protein and its dipeptide
composition: a novel approach for predicting in vivo stability of a protein from its primary sequence.
Protein Engineering. 1990, 4 (2): 155-161

18- Ikia A. Thermostability and aliphatic index of globular proteins. Biochem. 1980, 88: 1895-1898

19- Sherwood R.F, Melton R. G, Shakir M, Hughes A, Hughes P. Purification and properties of
carboxypeptidase G, from Pseudomonas sp. strain RS- 16. Eur. J. Biochem. 1985, 148: 447-453

20- Yasuda N, Kaneko M, Kimura Y. Isolation, Purification and Characterization of a New Enzyme
from Pseudomonas sp. M-27, Carboxypeptidase Gs. Biosci. Biotech. Biochem. 1992, 56 (10): 1536-
1540

21- Rashidi F. B, Alqahtani A. D, Bashraheel S. S, Shaabani Sh, Groves M. R, Domling A, Goda S.
K. Isolation and molecular characterization of novel glucarpidase: Enzymes to improve the antibody
directed enzyme pro-drug therapy for cancer treatment. Plos one. 2018, 13 (4): 1-21

22- Chabner B.A, Chello PL, Berlino J.R. Antitumor Activity of a Folate-cleaving Enzyme,
Carboxypeptidase G1. Cancer Research. 1972; 32: 2114-2119

23- Treon SP, Chabner B.A. Concepts in use of high-dose methotrexate therapy. Clinical Chemistry.
1996, 42 (8): 1322-1329

24- Ramsey L.B, Balis F.M, OBrien M.M, Schmiegelow K, Pauley J.L and et al. Consensus
Guideline for Use of Glucarpidase in Patients with High- Dose Methotrexate Induced Acute Kidney
Injury and Delayed Methotrexate Clearance. The Oncologist. 2018, 23 (1): 52-61


https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html

[ £2-90-920¢ uo Jrneidlguou wouy papeojumod ] (992K TT'001T 8558222 T'T00T 02 :40A |


https://dor.isc.ac/dor/20.1001.1.22285458.1400.11.42.6.6
https://ncmbjpiau.ir/article-1-1384-en.html
http://www.tcpdf.org

