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Abstract

Bovine chymosin enzyme is one of the most commonly used enzymes in the dairy industry. The
production of this enzyme from its natural source does not meet the needs of this huge industry. The
production of recombinant bovine chymosin in plants can be a good alternative to native enzyme.
Insertion and expression of foreign genes in plants can occur in the nucleus and chloroplast organelles.
The expression of foreign genes in eukaryotic heterologous hosts can be increased by optimizing its
codons as well as translocation of the heterologous protein after expression to encapsulated organs such
as chloroplasts. In this study, codons of the bovine prochymosin gene were optimized to be suitable for
expression in the nucleus and chloroplasts of tobacco plants. After optimization, the CAIl index of this
gene for nucleus and chloroplasts was 0.929 and 0.947, respectively. The optimized sequence was cloned
in the pUCS57 basic vector after artificial synthesis, and was confirmed by sequencing. The function of the
synthesized gene was confirmed by expression in E. coli and milk coagulation test. To provide a suitable
expression vector for gene transfer to the plant genome, the GFP gene was replaced by the prochymosin
gene in the p35S-TP-GFP expression vector. This vector is suitable for gene transfer by gene gun method,
and with the presence of chloroplast signal peptide, it causes protein accumulation in chloroplasts. The
gene was also replaced with the GUS gene in the pBI121 vector, which is suitable for gene transfer by the
Agrobacterium method. The recombinant vectors constructed in this study can be used to effectively
transfer and express this industrial enzyme in plants.

Keywords: Milk coagulation enzyme, Codon preference, Recombinant chymosin, Expression vector

03,5 35dome i A5 o |y Ll Sl eslinad ol plo 5 ol
Sla Sy Ol a5 Gl (el ;8 1l S8y pwdkige .o
A0Sl Bua Dla s ge 03 1) (S5 mie a5l S S5
(LS 53 1y i S 5 OISl st ol el 03 5
OLalS sllse 5l eslinal 5 alS asiend Coles Gl it o
ot W5 oS 55 il ol Jb s il 03 S sl b
02550 Sl Lol Fpe S| S el Sl e
Kumar etal.) des oy 455 55 n3seS w3l slasls 038
Sl 035 s s 4 (958 5 5eS Sl @ a5 1 (2010
B e iy A Gl Gl S riy (SauSws)
g b 51 OT e sS 5 xa 1) 5 «(Mohanty et al. 1999)
‘up—wégﬂbﬁ:‘ Jed 5 s ey by 58T s S35
Wei ) ol as S 51,5 ag 3,50 SUL ple s 0LS
SN P g Ve S b aslie 5o .(Zheng-Yi et al. 2016
Ll lls ALS slapins 5 S 55 slacas —
TNt oo 53 Mg (Sl 5 ol ause Jed 5l godaza
Ol s G s S L anslas s (Fischer et al. 2004) LiL

doddo
534S Sl b oS 3lanil s 3 S pdseS e
3148 sl ml s e oslinad S W5 gl olid o
S do) o S 4 g e eslial (g5l o s s Jle Ol e
Shah et al. ) Al Lagy 55T st astlod 3 LS oy 5 a3
D5 et S ool sdas 5l o D) soa ()5S (2014
o S90S Jed 5l ptlse Jolge I pl L pd gl A
Linze o S0l mlie sl i (3l nl VL a3
Ay sl Jls s icmul 03,8 piubobasl 1) b euS
oy e 53 (ALS 5L Gl TSl eslizal 53 esle
Gladul 3 o e o md 55 ) w5 o g b e stalin
s = .(Shahetal. 2014) & )l> slesle 4z 5 ol Al
Jed 3 Y a1 Sl sl sl oS lay 528 55 055w
S f el (A8 o5 oslital ade filee 5 plde (,_,))
dinia Ao ) Gy S5 Sele il LS e

wbu@jévﬁgﬁjﬁos)bwyoﬁlﬁgdLhou

VPoo bimo) 9 3l /¥ oylokd /nd 0590 [ Sumn ) (o] 9 ) omwikigeo -


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.6.8
http://gebsj.ir/article-1-402-fa.html

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.6.8 ]

e lpsnS 3y 05 SOl wleen 5 0508 (Sl g

0L 5 a8 s o35

05 o) Ol aslis (055 55 olS D5 JS 5 aen Sl il 53
il e g Ol 50 olS ol Sall g s

23 S0 5 e Sl Jelse 5l S (G i8S (sileane
L 5598 3,008 Ol ol sl o S s ma la0s Ol il
S LalsdS o Sl el gz ge 8 O 434S SUS e 5
L ool 0585 K Vgans (S o IS |y gplie ainel (glaond
il gl L e TS e soss sle
Grantham et ) 555 o o> 003 Sls s 30 slad S slad 53
OT 03,5 Gdaie 5 05 SO O3S i b oopl ol .(al. 1980
O Ol Dle Ol 5 e Ol 35 50l Gla0 S
Sy aall ks sy Sy aa

b s S 5 s il Ol s lieas (G pl 3
o535 ol SLat S L 538 igeS Bl Sl niseSsn
23 e 0023 8 (S3lmaing 055 olS S JS 5 ans
o35 o L OlalS @ 03 Jasl gl e Sl sle 3L
ol s gleailaan @;&,&:“Mspjﬂ ol J gans
‘ﬁPTJJts&,_gj\J_;asw\ 05500 S (638 pseS
So G Coemd Al o A 5= swend Gl
anils i S godan 4 o 3T i 555 48 ol L Ay
Il e 15 0F 5 ods ot o 3T Jlad ollr a5 o 5
b S 55 el Ll 55 5T aS s 3 ls e oS
Jlsd 55T 5 0 I o 53T 51 (53 055 St it 52
Sl o K5l 4 a5 L L(Kumar et al. 2010) 555
- 4S5 AL slacdly s 53 5T 03 b Sl (6 Sl
mlien 5 i P pl 5 0sd G sl Cel Wl S

A esls @?ﬁ w)}ﬁ-;sjﬁ f‘fg LSJL’"

L fss gl
NCBI sl 51 (Bos taurus) ssl8 i seSs,s 05 s Il
535 5 S s g EC34.234 s o)l |
Cole Sl cldls IS 5 ans LIl Gl 058 oS

() JS2) Ll I sl http://www.kazusa.or. jp/codon/

“ds 3 el d WS S S5 Gl S e Sl e
Sl b o gdloas bl o GLET s sy Vsama (LS (sle
b 53 sl ST ol 5l s lapSsn Se s
0lalS .(Sindarovska et al. 2010) ol Lol alS sla
J=3 31 Sl glads 5L 5 ol St sla S 5 ool
S5 SlaS s ool i g 5 b s
s 1 VL s 53 el 1 OLS Sl sdel ey
L OlalS s eds ad s ol oty p oslpe (o 03

S35 Gyan Shy Sson s skl 0ad Ol e
S Sacia JalS Eoel gilualls gdd e Gl
slaolyse s (Larrick and Thomas 2001) 555 .« L] &
S s IS L s p 35 4 Ll e sl 05 Uil alS
el S S 4 03 JUES LIS Sl 3 3,8 o
o=l L el ol aing OALS 51 (g3 5me Sln 53 LS 5 03
T S 4 OLalS s IS s sl 0 o
- — «(Fathi Roudsari et al. 2009) lul -l 55 YU (g S 5k
deoys Vol e Ulsee 0 o b S5 s W5 ALY
(Omomen deas il 8l gl 55 4 IS (Oey et al. 2009)
#alas SLalS Cudly IS 4 0 Jasl s p 55 B
O Ol s paie GlallSe o ol W05 o0 5 e
SIren S 555 255 O s 65 0,5 o ploil ok (s
Day and Goldschmidt-Clermont ) «ol SGlast -l 55 Jlad
«J= -l L .(2011; Kaushal et al. 2020; Siddiqui et al. 2020
Jgmams 0155 e cainn p 535 53 Bla 05 755 D0 o
- Sl s ¢ olant] 6L diny SO Sl eslinad L1y 05
23 S s ra G e 38 Jime s IS S ) als
S G S b s Kl e on Sl oyl
A5 eSS e S o 5 LS CBlie 55 5
o=l (Tran et al. 2013) uas ialS 1, Ol pe oLS 5 ol
S s i n e M54 e K5 o ol o Jolse
m =B ea iy b 5l ol 035 Ll L 055 oS 0
Sl e olS G Olgies Vb Johoms (55 0 (Slpins 5 4 5
(Tremblay et al. 2010) 555 s © smiee J 5 50 (55,558

3 05 0y s JEsl wyls (e 337 A a5 L (Oromen

VFeo limo) g 3l /Y o louls /o 0590 [ S ) (Sos] § Sl § (qmwkien


http://www.kazusa.or.jp/codon/
https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.6.8
http://gebsj.ir/article-1-402-fa.html

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.6.8 ]

0L 5 el s g5

(RIS IR

0J ol alaen 5 0588 (Sl age

Nicotiana tabacum [gbpln]: 1534 CDS's (609684 codons)

fields: [triplet] [amino acid] [fraction] [frequency: per thousand] ([number])

uuu
uuc
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cuc
CUA
CcuG
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ALC
AUA
AUG

GUU
GUC
GUA
GUG

Coding GC 43 38% 1st letter GC 50.91% 2nd letter GC 39.69% 3rd letter GC 39 .53%
Genetic code 1: Standard
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Fig. 1. Codon usage pattern of nuclear (upper) and chloroplast (lower) organelles used to optimize bovine prochymosin gene codons for
proper expression in these organelles. Substitution of natural prochymosin gene codons was carried out according to the frequency of codons
related to each amino acid and taking the considerations of both organelles into account so that finally the codon adaptation index (CAl) for

both organelles would be close to one (Table 1). For example, the highest frequency of the phenylalanine (F) amino acid codon in both
chloroplast and nucleus organelles is UUU, and therefore, in the entire synthetic prochymosin gene sequence, this codon replaced the natural

codons.
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Fig. 2. Nucleotide sequence alignment of the sense strand of the native bovine prochymosin gene and the synthesized gene with codon-
optimized codons for proper expression in the nucleus and chloroplast organelles of the tobacco plant. The sequences marked with an

asterisk are similar in both sequences.
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Table 1. CAl index for natural and optimized prochymosin gene relative to the nucleus and chloroplast genome of tobacco plant. The CAI
index for the synthetic PlyGBS gene (Oey et al. 2009), which has been successfully expressed in tobacco chloroplasts, is given for
comparison.
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Fig. 3. Electrophoresis image of different stages of prochymosin gene cloning in p35S-TP-GFP and pBI121 expression vectors. (A)
Enzymatic digestion of pUC57-CYM (right marker) and p35S-TP-GFP (left marker) with Sacl and Smal restriction enzymes. The 1116 bp
synthetic prochymosin gene band (identified by the letter i) was isolated from the pUC57-CYM construct and used for insertion into the
expression vector. A 4035 bp fragment derived from enzymatic digestion of the p35S-TP-GFP (v1) was used as one of the expression vectors
for cloning of purified prochymosin. (B) Electrophoresis of the digestive product of pBI121 vector with Sacl and Smal enzymes. The 12871
bp fragment resulting from enzymatic digestion of pBI121 (v2), as a suitable expression vector for gene transfer by Agrobacterium method,
was used for cloning of purified prochymosin. (C) Electrophoresis image of the purified components from (a) and (b) to evaluate their
quantity and quality for use in the ligation reaction. (D) Electrophoresis of the PCR product resulting from the amplification of the
prochymosin gene in a number of colonies resulting from the transfer of the ligation product to E. coli. The presence of a specific
prochymosin gene band in all colonies confirms their recombination. (E-f) Image of electrophoresis of enzymatic digestion of recombinant
vectors p35S-TP-CYM (e) and pBI121-CYM (f) with restriction enzymes Sacl and Smal. The recovery of components used in the ligation
reaction for both recombinant vectors confirms the accuracy of the recombinant vectors.
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Fig. 4. Physical map of the expression vectors p35S-TP-CYM (a) and pBI121-CYM (b). The selectable marker gene is not embedded in the
p35S-TP-CYM vector structure. This vector is suitable for gene transfer by biolistic gun method, so that by using the second vector
containing the selectable marker gene and the simultaneous transfer of two vectors, the marker can be eliminated after regeneration of
transgenic plants using the segregation of the selectable marker and chymosin genes in the next generation. In the pB1121-CYM vector, the

expression cassettes of the selectable marker gene and the chymosin gene are located inside the T-DNA, which is characterized by two
sequences of right (RB) and left (LB) boarders.
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