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Table 1 Chymosin A specific primers used for PCR amplification of synthetic cyhmosin gene

PCR Product . LAy annealing
length Primers sequence (5'- 3) temperature
Forward CGGAATTCGCTGAGATTACCAGG 64.6 °C
1109bp EcoRI ’
Reverse ATGCGGCCG;O"l;ICTAGAGATG 62.5°C
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Figl Circular plasmid map of the pPIC9 vector [20]. The sequence encoding chymosin A was inserted between the
EcoRlI and Nofl sites.

LSk g pu 5 iS L —£-Y
(Escherichia coli) (5 L il s S 51 G ool 53
3 A s gbdse gog sk« DHSO g5
S S el LSS5 s el sl Sy e
53 e S 31 sl LB i e 64, 555G
2305 W e b mle glacis ROt ¢t>,g\vv°c sles
53 S ok a5 Pl STl S s aids
VY s s INVC gl LSSl s e ilesl eles
Sbdde olualel s ozl 483> 10 e 4 ]
Sy O eslizal U 0T msuyls 5 Bl coli g SU dxis

INT 23,8 ol (Vo)) Jily 5 S g pm i3
25=S53 3 )=S0 g5l ailuan —0-Y
pPICY o 455 ,5 PTG-19

2. Sambrook and Russell

gy

2559 31 isesS 05 giledlwen -Y-Y
PTG'19 )"Js" BL pBHA

5 S PCR G b 5IpBHA 585 55 i 5,50 05 aaks
0555 5 ok Gilepalls eS8 (gle Al e
05 5 Ldd esls L3 Jlasl al i s PTG-19 Ksls
i gla sl s S Jia PTG-19 ;555 & (pisesS
Ll LB e (55 posiadl s 5l e 2L SL s
VOO Glos L 5Ll s S8 Sode 40 5 Ls i8S
S i slusSs 5 cals e S LS s
238 el (White/Blue test) /v 0yl b 3

g S S8 S5 Gl ke gla SIS

1. Ligation


https://fsct.modares.ac.ir/article-7-15639-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

VYAV LT V0 6,05 AY oslads

&U\_‘o @\mﬂjr}l&

j)}j}fﬁ\ M))'//\ J«JKIJJ 6})@()}@}5“ o3ls

,.,bnsjf

C;:QJ@\:S—\'

xS 05 olwang VY

DRiseS 05 S E N0 Sl A IS SN sl o
Copr siel Loy e OIS bl dlS
o 5l (Y JS) S35 13 s pen sype Sl 5 oS
4z 5 L3 GenScript ; Expasy sbell 55 005008 05
BYYITS CICPR, a\j}_f@;a S sl olis JI5 gileang
sul (pigesS 05 I8 Sleanr 3 Gleslil JIs
LSy J5 4 ars bl Ollee ol ol
el 5 sk pbaw el xS 5 b sl s DNA
ol 0 2,8 o gl s e JIsT5s e W3S g S
68 sl GllsIS Sl s ol e L Anl
O30S Ll Slol 3 L 0saS Ll 3 gl gt Olas aisel sl ola
Gl San b3l 5o e cpl 35 8 e p S0l YU sl 3 L
Transition ) odee o 4 cpdoes s b o @ s £ )
- 5388 5, (ileang Slual akex 1 .asl (change
31 Olabl g Olijn 3330 3 0335 Glsl 3 Gllas & Ol
Sl Cgr e 5 GC Gl comlie | sla S350
sl iy ials @l slajlsle ials L mRNA ol
Loj ol b slle o @by slacg s b bosas ),
5 sy Gble 05 Eilie S Chadd Sl e
S Sl Bl 055 Blol L Gl elipd e
Bl Jle Olye 4) ekd AS axo b 3 dex
L s Slmess 03se 0lol b Gl (05Dl 3 55U
Kl 5 paiss Jlal Bl el (w3l Kl
S sl s xS f5 ks MRNA s
3505 o Ll MRNA - S5, Ol Gl b 2als 5 ol
[YY]

e oS bty sl eslind b S 03 Jg LT s
05 58S Sl Larls (gilung 1 e S oS 3l 0L

Codon i1 o 55 o el 4Bl 215l p5sesS

1. folding

o5 PCR Jya=s 5 pPICY o, <DNA 3,
5eslizal b s ECORI 5 Notl sla LS 5 skl Javs 55 5 508
238 el 5T godisle S5l 5 ek 4oy sla il
s esls SIETYIC gles s cele § e 4 aa J1S]
5 okd 5oss Sl dos A 38T U5 s, STy b
Sl gl e slepals J5 Sl e sy JIs
GF-1 GEL DNA .5 51 oJ5 sy 5 DNA ooldss
51 i s 8 eslizal Vivantis os,2 RECOVERY
J= s i bl WKL L ks, DNA gl J3
© GB 3L eas wib, J5 O35 o A2 Jame Copis S
S35 et D3 eisas I3 U A5 S Sl 5 wlsl s
Lsesls 5300 °C o gles 53 4ids 10 Sde 4 plem I
- Al S s ol b 538 e 5 o S B
5o L aids /0 e 4y 5 ol bl KIS 5 ladnd 3l
Vou il ws; 55s 65 b s S Sk Sl Ve 1pm
Sk sle G5 kuld by Al as, pined Bl 2l S
G (s O S w0 65 mle el s S
6lsl o & Elution 3L 2y S ¥ 5 ai esls 13 i
G e (15880 BB (les 55 4i35 V0 e 4 5 s S
S Jsloe Al Sk Sl Vere s TP 55 L adds ¥ ke
ol 03 g3l alls DNA (g5l o 55i sl 51 Jol>
T4 ol 5l eslizal b s S eslizal Jlasl 281y Cgr
5 ooseS 03) DNA (gaxkad 55 Jlasl cg= DNA ligase
e b Al se 5 oans s Jlasl sty (PPICY 55
SNV O CRP PRSTIT TS SRR PPIPRLAPICOP
A asls 5l ISl ge 5 oaus 53 18°C sles s el V/0
by oS 55 Lo sS sl Al oY

E. coli 575\ 51 oS 5
ol LB b 65, ol 5 o 2l SL glad e
Glos b sbsSl s 5 Bas ciS len sl S0 5T 651>
hecsa,l 3 sl gsls alsl b e 4 s 5w, ¥Y'C
iseS 0 el gla ST 5l eslizal L PCR i 4ls
C\Jp;:..ﬂ\ QL") )\ Q)" c:x& C)b .L:il.? )}lé.'.,a “ LA ealad
plsl (Yoo July 5 Sy eae) MINIPEIP 555 4 doedly


https://fsct.modares.ac.ir/article-7-15639-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

w8l el S5 sl g 5 638 85 05 I il

Q‘)KM 9 o)b’ wu))\.:.é,w

22 0k s siledlawn Cr JI5 Goleang Slles 0o
Voo (CFD) 5538 Gl mis sMie ol sl Ly
S e Ol s 208 Olsee 0 SVL L ola0 508 6l
L laisdS ol sl cpuds 35 0 SO glaaiselind Ol
ol s s e RS 1y Ol sl Yl S CFD 5
b Slie 31 5ol Oly e33l b ol siS do s o

S I SR WC TR, PRV TR PR3 WL I

(Rare Codon ; Adaptation Index Calculator)
(5338 Glhil Laxls Olye s g Analysis Report
Ly ol 3 sls 0L asls ol boddad 3 JLeSS e
Sl S5 Kosde 4 S8 Sl et s g ax e
G LTS 5 0l 3laangs I 055 s sllas sdims OLLS
Solwang 5l g GC i imen ol (3loag

olls oas Ol 35h 508 Olse (ol 4z 0 a8 3L ralS

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

52
EARAGGCEAAGIETETGAGG AAG GEGETG ARG GEG

‘?'0 80 SP 1 li')D

70 80 90 100
EATGGTETTTT GGAGGACTTTCTACAAAAACAAT)
62 72 82 92

AT GGCETTET GG GCARTTEOT CEAGCARASAGE

Continued Fig 2

£ef


https://fsct.modares.ac.ir/article-7-15639-en.html

VAV OLT 0 655 A o e

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochy”

Identity

1. Prochy A Opt. (1109)
2. prochy”

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity

1. Prochy A Opt. (1109)
2. prochyA

Identity
1. Prochy A Opt. (1109) =G arhaTE G AR AT G CREnrenR G G caml
2. prochyA 2 G AR SRR T A U G AN G GRS G G2 G R
ss0 a70 ss0
Identity I I I N
858 81.55 878
1. Prochy A Opt. (1109) ACACEARAATEANTAEG AT G ANTITTG ACATEG BT
850 860 870
2. prochyA ARG PEATEY GERZEE G AR G A G G ARG
BQIO 9(.JO 9}0
Identity H Il I I
BS‘B SS.)S 9(?8
1. Prochy A Opt. (1109) CEREG ZRA TG I A A GRS Z T G I C
880 890 200
2. prochyA GEG ACAACETG AGETATAT GECCACTGTGGTETT
92'0 930 94IO 9'50
Identity I I S S N
91.8 9.28 93.8 9?8
1. Prochy A Opt. (1109) EGCAAATAARNTEG GEAAANT G TATEESAETG AETEEE
91IO 9?0 930 Q240
2. prochyA TGAGATCAATG G-_G—S*
96|0 9"/0 98‘0
Identity __ Il I I T
o958 9l68 o788
1. Prochy A Opt. (1109) AGE CEATAMTARITAG BE GG AEEANGC GATIRET GIA
2950 SIGO 2970
2. prochyA I G T 2 A G G A G G G s W
SIQO 1 O'DD 1_0.10 1.020
Identity H I I D N I .
QISS 298 1,008 1,018
1. Prochy A Opt. (1109) EGEGIEG G A ers G i
980 990 1,000 1.010
2. prochyA GG G TS 2GR G AT T S 7 S PR
1 ,Q:‘IO 1 ,qu : .()'50
Identity I . .
1.028 1,038 1,048
1. Prochy A Opt. (1109) ARG CARENEE S G G 2SN IR e S 2N G A
1 .q20 b .0'30 g ! .0'40
2. prochyA NG CAEEN GG GGG G IR C 2N CREC M
1.OIGO 1.q70 1,OIBO
Identity I I I D D N e .
1.058 1.068 1,078
1. Prochy A Opt. (1109) A G G G ARG I G S A G G I G
1'0|50 1.0.60 1,0l70
2. prochyA TACAGEGTCETT TGACAGGGECCAACAACCTCG TGG
1.q90 1.100 1.“111
Identity |
'IAO.SS 1,OIQB 1.109
1. Prochy A Opt. (1109) GGG G s GRS IS G
1,OI80 ) .OISO 1‘C).95
2. prochyA CoENGC e G
. .
Continued Fig 2

Fig 2 Sequence comparison between the original (prochy A) and the optimized (prochy A -opt) genes
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Table 2 The Results of chymosin A gene sequence analysis before and after optimization with web based
Rare Codon Analysis Report and Codon Adaptation Index Calculator software

CAI GC content CFD (The percentage of low frequency (<30%)
before after before after before after
0/59 0/72 57/37 0/43 7% 3%
I RS ).s}:.}(u&;\_,j u_é.sLaJ S e J=) E )\J&EJJ?_BA ‘_-ﬂ)'y..:SQj QJ\}; L;‘.Libf"-“)'\ JJB @l:.}
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IVE] s 5 aislos 50 352 50 a5 L Sl e 35l Slaea adsl 05 g LTAY s 0al
Table 3 The results of alignment of the optimized and non-optimized sequences of the chymosin A gene.
Accession Max score Total score Query coverage E value Max identity
30221 1148 1148 100% 0.0 83%
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Figure 4. A) The schematic presentation of chymosin A synthetic gene in the pPBHA vector (Bioneer). B) Isolation
of the synthetic chymosin gene by EcoRlI restriction enzyme and its fragments with the expected size on agarose gel;
lane M: 1 kb DNA Ladder, lane 1: pBHA-chymosin vector digested with EcoRI enzyme
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Fig 5 Colony PCR amplification of chymosin A gene in E. coli transformed with PTG-chymosin recombinant vector.
Lane M: 1 kb DNA Ladder, lanel: negative control, lane 2: positive control. Lanes 3-6: colony PCR of different
recombinant colonies with chymosin A specific primers
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Fig 7 Colony PCR amplification of chymosin A gene in E. coli transformed with pPIC9-chymosin recombinant
vector. Lane M: 1 kb DNA Ladder, lanes 1-10: colony PCR of different transformed E. coli colonies with chymosin
A specific primers
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Fig 8 Confirmation of recombinant (pPIC9-chymosin) vector by restriction enzyme digestion. The plasmids were
extracted and digested with EcoRI and Nofl enzymes. Lane M: 1 kb DNA ladder, lanes 1-6: recombinant vector
digested with BamHI

iS55 asin 53 (YY) S5S 5 sl [YV] s,
$loar EcOli pTOLT iy 5035 5l 15 558
33 3l eslial U (65LS s asS 0050 DNA aakd 03 503
53 (YW 0L 5 v o [YAT s 585 a5 oS 6 S
o S (8B eSS, 05 a5 s Slidss
33 505, ilwang |y 55 (AOXT) N sluest SN 5505
oS p 55 A e 5 A3 03 e PPICOK 5 S
Lol b dssls JUsl GSTIS ) stablmy S5 5 ke
Sl omlin Gl ot S sty S 51 0L
WL W ke o fed-batch s awl 3 bl o 55T,
AOXT Ll 55y d 28 o 658 S 55 eisasS
pismaS 05 eiasn 53 (YY) 0L 5 I VY] el
Ol 5 JLanl X33y oy sinl Lmy o 0 1y a6
L i 5 e sn ndsmSsnn 05 Ol s sas
Sl s Gieasl€ IS RNA I ol sl sl 51 eslial
Real -PCR jleslinl L1 0T 0y 5581 5035 7| sl
A2 lan pPICZOA 555 55 05 ool L5 S o stime
LYAT 2031 QLS ) S 558 (oS Jed IS5 03 4 25
o= b s 05 Js= (T 0L 5 W o 15 5l
Loy osee 53 5 6lecan pPICZOA 555 55 s5lwag
YAQ Lol aadllas 55 03 505 Ol KM71H wgr oy 52l
Cl e (Solmagy Sl oy JS A5 5US S YTY Sl A5 530S 55

AR

£q

bsi el Aol (65lisS 55T ol 28
S edid GRis oS 5 ) sesS 4wy 044 JLo s FDA
DNA (655,555 slaUls 4 a5 Loojspl oy s
S5 Jole 05 eSS 5
SIS el ) 6 03 S 04IS st lan Sy S
Sl Sen (s Al s S S5 eSS

Silwaip el i a5 L [A] ey bl S 5s

05,5 Gs—S (pi—eS U

sl SLacbb L (soate (sloyl 8l o5 0550005 I8
53 Alass S S esli il sy 5 b ke ol gl
Silwaig 5l G Se e L ool Slais i8S gbadle
Ot Ol ¢ 53S (S5ltingy b L ol 48 ool a0y 58
0 e 4S5 rieS 05 Lkl 53 b e Sl ey
B IRV IS ST SN N o RN U UL T SN W
Gl ST Y o) ol San 5 s, i a5
ot (3lmiing 3LS seS 05 S kS 5S4 S
D3 S b g pelsl bS] e 5 G058
5 Sl sl slag B oml QLIS s sk 4
S5yl e Al D 5 (555 p5peS s
b i (g3lag 31 g 3L (pisesS s oS als LG
53 T4 Q) OLLSan 5 5 [TV =i 5 sl ol
V081l ol ol oy seSs  458 S 55 anlllas
e 05 Ol 535 Ol 5 (5 3lekiloan (U L0 3
Slie S as S 65lmag ciliie gla bl o b

L;}.L«J ﬁ}ﬂ§)1/2\/11 Jdﬁ)d'i‘ .k..w).? o Ql:.: U’fs}ﬂ


https://fsct.modares.ac.ir/article-7-15639-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

Sl el S5 el a5 638 s 05 Iy soleang

Q\)KAA 9 AJU w%

[6] Esteves, C. L., Lucey, J. A. and Pires, E. M.
2002. Rheological properties of milk gels made
with coagulants of plant origin and Chymosin.
International Dairy Journal, 12(5): 427-434.

[7] Vishwanta, K.S., Rao, A.G.A. and Singh,
S.A. 2010. Production and characterization of
milk-clotting enzyme from Asperigillus oryzae
MTCC 5341. Applied of Microbiology and
Biotechnology, 85(6): 1849-1859.

[8] Ahmed, S., & Helmy, W. 2012. Comparative
evaluation of Bacillus licheniformis 5AS5 and
Aloe  variegata  milk-clotting  enzymes.
Brazilian Journal of Chemical Engineering,
29(1): 69-76.

[9] Demain, A. L., & Vaishnav, P. 2009.
Production of recombinant proteins by
microbes and higher organisms. Biotechnology
advances, 27(3): 297-306.

[10] Hellmuth, K. 2006. Industrial scale
production of Chymosin with Aspergillus
niger. Microbial Cell Factories, 5(1): s31.

[11] Starovoitova, V., Velichko, T., Baratova, L.,
Filippova, 1. Y., & Lavrenova, G. 2006. A
comparative study of functional properties of
calf Chymosin and its recombinant forms.
Biochemistry (Moscow), 71(3): 320-423.

[12] Noseda, D.G., Rectipero, M.N., Blasco, M.,
Ortiz, G.E., and Galvagno, M.A. 2013.
Cloning, expression and optimized production
in a bioreactor of bovine Chymosin B in Pichia
(Komagataella)  pastoris under AOX1
promoter. Protein expression and purification,
92(2): 235-244.

[13] Repelius, K. 1998. Coagulants produced by
fermentation technology.Aust. Journal of
Dairy Technology, (53):124.

[14] Wei, Z.Y., Zhang, Y.Y., Wang, Y.P., Fan,
M.X., Zhong, X.F., Xu, N., Lin, F. and Xing,
S.C. 2016. Production of Bioactive
Recombinant Bovine Chymosin in Tobacco
Plants. [International journal of molecular
sciences, 17(5): 624.

[15] Kumar, A., Grover, S., Sharma, J., Batish,

V.K. 2010. Chymosin and other milk
coagulants: sources and biotechnological
interventions. Critical Reviews in

Biotechnology, 30(4): 243-258.

[16] El-Sohaimy, S.A. and El-Saadani, M.A.
2010. Cloning and In Vitro-Transcription of
Chymosin Gene in E. coli. The Open
Nutraceuticals Journal, 3(1): 63-68.

AN

SIS S -t

Sl gl 5 e mlo 55 ) OF Coeal 4 a5 L
Ol S5 s b AS 5 s Som (il il Sl oolin
ol 52 S ads ealasl 3T ol Mg oISt ) Ol
oS bl 8 A eSS 05 JF sy
05 A3 S ma y Soltgy esiel Loy pde e f
S oS o oS PPICY s s cudbge Losld e
AOX 1 5l i 5 55isms S oo PpaSIOFis juss
oo S S s s b S Gl
e b S5 ateen S Olge w0 Popastoris
0358 e mple SU e s Ly S5 gt WS
Slp oS GUSs 2 Sose 5 0l e s WS sl
53 ek esbel G5 esle ol 0L s JUsl Gl spe oy W5
Oeo 035 @l s Mg Gl L b Dl il e
A 3saS 05 Sl 53 0 3 S a al 5 5SSl 5, 5
o-factor i ;S L elesl &y 50 « PPICY 55
e S ame 11 0T Ol ol 4 oS 5pd e 0L

3505 (S5lw Rl

@bﬁ -0

[1] Attallah, A.G. 2007. Characters of Chymosin
gene isolated from different animal sources at
molecular level. Journal of applied sciences
research, (3): 904-907.

[2] Foltman, B. 1993. General and molecular
aspects of rennets. In: Fox PF, Editor. Cheese:
Chemistry, Physics and Microbiology, (1): 37-
68.

[3] Chitpinityol, S., and Crabbe, M. J. C. 1998.
Chymosin and aspartic proteinases. Food
Chemistry, 61(4): 395-418.

[4] Celik, E., & Calik, P. 2012. Production of
recombinant  proteins by yeast cells.
Biotechnology advances, 30(5): 1108-8111.

[5] Egito, A., Girardet, J.M., Laguna, L.,
Poirson, C., Molle, D., Miclo, L., Humbert, G.,
& Gaillard, J. L. 2007. Milk-clotting activity of
enzyme extracts from sunflower and albizia
seeds and specific hydrolysis of bovine K-
casein. [International Dairy Journal, 17(7):
816-825.


https://fsct.modares.ac.ir/article-7-15639-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

VYAV LT V0 6,05 AY oslads

&U\_‘o @\Mﬂjr}l&

2012. Expression and characterization of
bacterial organophosphorus hydrolase in Pichia
pastoris with the intent to degrade
organophosphate neurotoxins. Modares journal
of medical sciences (pathobiology), 15: 61-72.

[26] Cardoza, R.E., Gutiérrez, S., Ortega, N.,
Colina, A., Casqueiro, J. and Martin, J.F. 2003.
Expression of a synthetic copy of the bovine
Chymosin gene in Aspergillus awamori from
constitutive and pHregulated promoters and
secretion wusing two different prelIpro
sequences. Biotechnology and bioengineering,
83(3): 249-259.

[27] Badiefar, L. Ahmadian, G. Asgarani, E.
Ghandill, S. Salek Esfahani, M. Khodabandeh,
M. 2009. Optimization of conditions for
expression and activation of a splice variant of
proChymosin lacking exon 6 in Escherichia
coli.  International  Journal of  Dairy
Technology, (62): 265-271.

[28] Ulusu, Y. Gokce, I. 2012. Codon
Optimization and Cloning of Bovine Chymosin
Gene into Ptolt Expression Plasmid of
Escherichia coli. Journal of New Results in
Science, 1(1).

[29] Luo, F., Jiang, W.H., Yang, Y.X., Li, J. and
Jiang, M.F. 2016. Cloning and Expression of
Yak Active Chymosin in Pichia pastoris.
Asian-Australasian journal of animal sciences,
29(9): 1363.

[30] Espinoza-Molina, J.A., Acosta-Muiliz,
C.H., Sepulveda, D.R., Zamudio-Flores, P.B.
and Rios-Velasco, C. 2016. Codon
Optimization of the “Bos Taurus Chymosin”
Gene for the Production of Recombinant
Chymosin in Pichia pastoris. Molecular
biotechnology, 58(10): 657-664.

AR

[17] Menzella, H. G. 2011. Comparison of two
codon optimization strategies to enhance
recombinant protein production in Escherichia
coli. Microbial Cell Factories, 10(1): 15.

[18] Baev, D. Lil, X.W. Edgerton, M. 2001.
Genetically engineered human salivary histatin
genesare functional in Candida albicans:
development of a new system for studying
histatincandidacidal activity. Microbiology
Society Journals-Microbiology, (147): 3323-
3334.

[19] Chin J. X. Chung, B.K.S. Lee, D.Y. 2014.
Codon Optimization OnLine (COOL): a web-
based multi-objective optimization platform for
synthetic gene design. Bioinformatics, 30(15):
2210-2212.

[20] www.snapgene.com/.

[21] Sambrook, J. and Russell, D.W. 2001.
Molecular cloning: a laboratory manual. third.
Cold pring Harbor Laboratory Press, New
York.

[22] Gupta, S. and Joshi, L. 2003. Codon
optimization.  Computational  Bioscience.
Arizona State University.

[23] Ahmadpour, F., Yakhchali, B., Fatemi,
S.S.A., Karkhane, A.A. and Talebi, S. 2016.
Cloning and Expression of an Indigenous
Mesophile lipase and Evaluation of Bacillus
Codon Translation in Pichia Pastoris under
Control of Two Different Promoters. Journal
of Applied Biotechnology Reports, 3(2): 413-
418.

[24] Zhang, Z., Schwartz, S., Wagner, L. and
Miller, W. 2000. A greedy algorithm for
aligning DNA  sequences. Journal of
Computational biology, 7(1-2): 203-214.

[25] Najavand, S., Sahebghadam, L.A.,
Mohsenifar, A., Arjmand, S. and Mota, A.


https://fsct.modares.ac.ir/article-7-15639-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

JEST No. 81, Vol. 15, Nov 2018 ABSTRACT

Optimization of calf rennin gene and construction of gene construct
for the recombinant chymosin production in Pichia pastoris

Mohebzadeh, S. 1, Zare, N. 2*, Asghari Zakaria, R. 2, Fathi Achachlouei, B. 3

1. M.Sc Graduated, Agricultural Engineering Biotechnology, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran
2. Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran.
3. Department of Food Science and Technology, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran.

(Received: 2018/01/01 Accepted: 2018/08/26)

Animal chymosin due to the high quality of cheese texture and flavor is the most effective enzyme for
cheese production. Due to the increasing demand for this enzyme, in addition to the plant and microbial
sources, recombinant sources should be considered for chymosin production. In this study, in order to
produce recombinant chymosin, as well as improving the expression of bovine chymosin gene in yeast,
the sequence of the chymosin A gene was optimized and synthesized based on the codon usage of the
Pichia pastoris and was cloned in an appropriate expression vector. The codon adaptation index (CAI)
increased from 0.59 to 0.72 after codon optimization. There were 41 yeast rare codons (with frequency of
less than 10%) in the bovine chymosin A gene, whereas no rare codons in the codon optimized sequence.
In order to transfer the resynthesized chymosin A gene to the yeast expression vector pPIC9, this gene was
proliferated using the specific primers and was cloned in the PTG-19 vector. Recombinant (PTG19-
chymA) colonies were selected by the screening of white-blue colonies method. The resynthesized
chymosin A gene was then cut from PTG19-chymA vector using the restriction enzymes No#l and EcoR],
cloned into the pPIC9 vector and was transformed into DHS5a strain of E. coli. Colonies containing
recombinant vector (pPIC9-chymA) were identified and selected using colony-PCR technique. The
recombinant nature and correct insertion of resynthesized chymosin A gene in the yeast expression vector
pPIC9 were confirmed by plasmid extraction and its digestion with BamHI enzyme.

Key words: Recombinant chymosin, Gene cloning, Milk- clotting enzymes
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