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

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

uuu
uuc
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cuc
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CcuG

AL
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.

) UGU
) UGC
69) UGA
) UGG &
CGU
CGC

CGA
CGa

AGU
AGC
AGA
AGG

uau
uGac
UGA
UGG

cau
cac
CGA
CGa

AGU
AGC
AGA
AGG

aau
aaC
GGA
GGa

#¥O M

D 3w === =] =
[

[ = ]
om @

MM
Ll )

=== R =}
[ I I v

== R ]

[ Iy B =y R ]

[l ]

[ v

73

. 26

.21
.87
.24
.88

.18
.87
.28
.11

=33
.11
.38
.17

oo @

[ I o v

.58
.42

39

.15
.88
.11
.88

.17

13

.33

25

.33
.17
.34

16

23.

27.
12.

[ RTINS FT ]
e

[=a N I T ]

e

[ I T )

22.
11.
23.
18.

[ ]
T

e

[ Y]
SRR I 1]

W~

=L

M E @

Lo L I SR )

i,
o
=
ra

N et i

—
P
L
wn
=}
i

s
]
~
~
S
et e e

s mosotieree T



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

[ Downloaded from gebg.ir on 2025-11-03 ]

[ DOR: 20.1001.1.25885073.1400.10.2.6.8 ]

0L 5 el s g5

oS 5 05 GOl Wluan 5 0508 Gl g

OLL ;3 5 VY °C 5808 300°C 5805 40°C 580
VYT slos s gl aids Vo d e K

oS b eslizal b 3,1 J5 s 51 DNA Sladad (g5l alls
ool 55 (g W-Vivantis s ,%) DNA Ambiclean
Sy S el slijle CS 50 b g edd wo s IS5
V0 gl oY slge (0 emlSI 2S15) DNA (ganlas 53 Jlas]
S JBb GDNA ¢S50 Tt Ll sl Al S
ARY B Cod 4 Sl DNA lis 5 glags 5T L asily
w5l A=l Y 5 10XT,-DNA ligase 3L ,uls,Ses V/0 ¢ J3U
4 Y0°C (glos 53 5ol a5 ,Se 5 T4-DNA ligase
Jyams ozl O 5l LA ls 3 Cole ¥ Sk
3 Dy Sl (sl s Jaze E. col AL 4 O gl
Birnboim Jaw. 5 ol slgniey i, 3l el oy sla SIS
cble .(Birnboim and Doly 1979) & eslasl Doly
2 Ol s S Seslul Gk 5l Sy sladd
3 S s 55815 605 5085 S 5 sl Y1 ib
(2 S es 5 M Gl 05 e (A o e
ol 8l s esland Rosetta 4, 40 E. cOli (g SL s Ol 3
sSacl by glacale Sheslanad bosdd jme O ke
(Rosenberg et al. 1987) pET-28a L, 3L ,> BamHI
PET-282 U ssb S 55 slag,SL dd (ilutiloan
Oy Wl g s S bl (sl lms (555
=N L SL Jdoe 4 PTG Ngay S Yoo (055
st il lags SU el £ 31w 3 43l ODgoo=+/1
°C ez 53 b o A = PBS 3L 55 LT gy
235 el ST 5l A 5 LS 5 adBs 0 e 4 40
Sl gl A bl VY DM s bS5 50
Voode & 20) 5B (uiseS s 0L Jé 5 5 el
PH s o cpl 51 ey 8 S 18 sl led cow csla
bt el LS5 Slesliad bojlss (St ol
Al s p Gl g e A GBS Y e s
A58 55 o3l et s Sen 00 sasS Bl Seishse
SASL oslas 5l s S Ve 5 Vs e Ve S IS

SHECAD 0508 )50 Latls gl 5 giludne &l 2

s (https://www.genscript.com) GenSmart™ Jols d‘j\ﬂ slalsl

Puigho et ) (http://genomes.urv.cat/CAlcal/E-CAI/) E-CAI
oy O o s sileange JIy s el (al. 2008
(RIS S n el ded JI L 0T G 5 sl Al JIs5
GenScript® = =S5 1 egeee e gl o ab
G 31 e S el i slaw (https://www.genscript.com)

PUCS7-CYM 3L -l 45 =3 S 13 pUCST wb 5L s 05
Sl U cpl el e Jig Sl Oliebl gl ad 13S0
oS sls Ol amd ad Jlayl addl g W o&ils 4 b JIs
Sl (OS50 05 JI5 n e S e JI 5
el Sl b BU ag glp odd aub 3L Al e o
Chiu et ) p35S-TP-GFP (sls |50 5| .o eslizl OlalS (sl
(M St go 51 S g il s olal (@l 1996
b Sl sl 3L a5 sl » (Chen et al. 2003) pBI121
SRl 5l esliad OS5 03 Ol s Jlsl gl

u!» (http://www.genomecompiler.com) GenomeCompiler

53 o LS eslizal ST ~1 L 5 in silico cloning
eslizal oa NCBI cylo Primer-Blast sy 51 S5l ~1 b
Ta 5 5 o slampl 5l abse slanbsl s s 8
A eslial i ge 5 oS 5 el

s a5t 55 6l - TOP1OF' ga »w E. coli S
Gla 50 i3S gl s eslizad (iludiliar lailes]
- 51 3l 5 5 4 pBI121-CYM ; p35S-TP-CYM .S 5 5
00) Lt bellS 5 (G 53 0 S o V0 0) ko ol SO SS
A eslizal (il s o5 e

ST i ) psseS 05 4 bse GDNA S ol
CYM-F(Smal/Ndel):5-AAA CCC GGG CAT .ol

CYM- , ATG GGA GAA GTA GCT TCT GTA C-3

R(Sacl/Xbal): 5-AAA GAG CTC TCT AGA TTA AAT
SikT s & S AGC TTT AGC TAA TCC TAC-3

S Jola PCR 4ol s oslanal s gy Cdeanss 5 slrass,

S Jold plaS s cat o Yo A0 °C (glos 55 (gl aids £ al>

VFoo liwnoy 9 3y [V o 5loul /00 0590 [ Sww § (oos| 9 Sl § (oo -


https://www.genscript.com/
http://genomes.urv.cat/CAIcal/E-CAI/
https://www.genscript.com/
http://www.genomecompiler.com/
https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.6.8
https://gebsj.ir/article-1-402-en.html

[ Downloaded from gebg.ir on 2025-11-03 ]

[ DOR: 20.1001.1.25885073.1400.10.2.6.8 ]

OLen 5 S8 s g5

oS 5 05 GOl dlaan 5 0508 (Gl g

Oy iy Sl IS Ll L Kl s e
Zoschke and Bock ) L33 o aaz 5 5 s 559, Olajen
5 s Sl b s ates slaD5 &S S5 5 (2018
2> Sles 5 LS sy ol Lk dex 5 el g 3
22l gl slawl Col Wlg 0 aer 5 5 pm 5555
(s e S anlge ISEs LI, 0 0L 5 s MRNA
Jlasl e 45) pisaS 050 b 3 o5 san La Jis
Sheslaal L 4 56 sl sl lo sbm) s 51 (UaL o0 U‘p)’rﬂ)
- J5 5 s GenomeCompiler jisle 5 sasly b 15
osli ol w5l bbb |85 Jlaz o 2eS b conlio gla
sarlae 5l olg et (gilaang JIy 0L L3 lus
ool Jgdr 53 01 2 S s L) CAD 058 (5,850
CAl Jluis 355 o 0o 4S5 sbiben () Jsds) Sl ool )
3 et SGhUL 55 8 55 0l (Gladng 3 seS s 2 05 Gl
SIS iiseS s 05 4 Cumd s JB b S
055 (Gildgr 21 sdasilis oS wod anl il ab

A2l o

Native ATGGCTGAGATCACCAGGATCCCTCTGTACAAAGGCAAGTCTCTGAGGAAGGCGCTGAAG

Codon-optimized ATGGCTGAAATTACTAGAATTCCTTTATATAAAGGAAAATCTTTAAGAAAAGCTTTAAAA
FRAREERE RE RE KK R REE R RR KRR KR KEE X KK KR R® R %K

Native GAGCATGGGCTTCTGGAGGACTTCCTGCAGAAACAGCAGTATGGCATCAGCAGCAAGTAC
Codon-optimized GAACATGGATTATTAGAAGATTTTTTACAAAAACAACAATATGGAATTTCTTCTAAATAT

#k mEEEE K K K AR KRk Rd RREEE R KEEEE 4 LR
Native TCCGGCTTCGGGGAGGTGGCCAGCGTGCCCCTGACCAACTACCTGGATAGTCAGTACTTT
Codon-optimized TCTGGATTTGGAGAAGTAGCTTCTGTACCTTTAACTAATTATTTAGATTCTCAATATTTT

% RE KE KK KR KK AR HE KR R KR KR KR K KRR KRR K REE
Native GGGAAGATCTACCTCGGGACCCCGCCCCAGGAGTTCACCGTGCTGTTTGACACTGGCTCC

GGAAAAATTTATTTAGGAACTCCTCCTCAAGAATTTACTGTATTATTTGATACTGGATCT
% k% Kk A% £ Kk KF k¥ RF E% Kk £ KE K& K REERE EEEEE Kk

Codon-optimized

Native TCTGACTTCTGGGTACCCTCTATCTACTGCAAGAGCAATGCCTGCAAAAACCACCAGCGC
Codon-optimized TCTGATTTTTGGGTACCTTCTATTTATTGTAAATCTAATGCTTGTAAAAATCATCAAAGA
FRAEE FE FRREERRE RERRE KE KK Kk FEEEE KE KEEEE EE KE ¥

Native TTCGACCCGAGAAAGTCGTCCACCTTCCAGAACCTGGGCAAGCCCCTGTCTATCCACTAC
Codon-optimized TTTGATCCTAGAAAATCTTCTACTTTTCAAAAT TTAGGAAAACCTTTATCTATTCATTAT
k% kR k¥ kkkkEk Rk Rk ¥k EE Kk k% * kk X% k% * EEEEE ¥k k%

Native GGGACAGGCAGCATGCAGGGCATCCTAGGCTATGACACCGTCACTGTCTCCAACATTGTG
Codon-optimized GGAACTGGATCTATGCAAGGAATTTTAGGATATGATACTGTAACTGTATCTAATATTGTA

kR AE HkEEE KR KK RRRE KKEEE KR KE KERKE EE KR RERERK
Native GACATCCAGCAGACAGTAGGCCTGAGCACCCAGGAGCCCGGGGACGTCTTCACCTATGCC

Codon-optimized GATATTCAACAAACTGTAGGATTATCTACTCAAGAACCTGGAGATGTATTTACTTATGCT

FE KR KE AR KE RKEKEE K £ Kk KR KR KK KR Kk BE K RERER

Native GAATTCGACGGGATCCTGGGGATGGCCTACCCCTCGCTCGCCTCAGAGTACTCGATACCC
Codon-optimized GAATTTGATGGAATTTTAGGAATGGCTTATCCTTCTTTAGCTTCTGAATATTCTATTCCT

FRAKE K KR KR K KR RRERE KR KK RE K KE KX KK EE KE K% RE

Native GTGTTTGACAACATGATGAACAGGCACCTGGTGGCCCAAGACCTGTTCTCGGTTTACATG

Codon-optimized GTATTTGATAATATGATGAATAGACATTTAGTAGCTCAAGATTTATTTTCTGTATATATG
% KREEE KR KEERKRRE KK EE K Kk EF KEREE K KK EE KR Kk KRR

°C LngJ)b udj)@)ew Lol LSJZ:JL;L:‘ \/0 g_)j:;‘jj,i:asb

L S Ve pm Ce e 5 YO

s‘;.;r.g‘g@b'

058 pled (938 i n 05 Sl slleane ¢l
san o535 mly S0 Lal el 5 Y0 4 b e s
s ) S Sl i 1 0y 8 elS ety IS
s S s Sl g e Sl (ks pl ps L
Sl Al cnlis 93 o 03 Ol sl eddig IS B A
55 45 (SDAGGAGG) 5,815 :xld alin sla JIs5 Jbe
a5 gt 5 e, Jlal Gl 55085 Sl
R I PEPRN R IR P =l GLUsAS L k)ls 5 )8
oL slaaiad A 5w e WIS e 05 S5 s b JIg g s
Leith et ) 552 ~15 cul & bap s am, Jlail G b 5l 55 5
e 5l K il ol Gla I cioman @l 2019
DNA 03,55 s Sely Al 5 o 65 OIS0 Slass 5205 58
L Ol cosdS L s ol g g sl 5 30 L
lalsas L Sae sl- U (Castillo-Lizardo et al. 2014)

Native GACAGGAATGGCCAGGAGAGCATGCTCACGCTGGGGGCCATCAACCCGTCCTACTACACA
Codon-optimized GATAGAAATGGACAAGAATCTATGTTAACTCTTGGAGCTATTAATCCTTCTTATTATACT

R Kk RRREE KK RE HkE R kR RE EE kR Rk EE Kk EE KK KR EE

Native GGGTCCCTGCACTGGGTGCCCGTGACAGTGCAGCAGTACTGGCAGTTCACTGTGGACAGT
Codon-optimized GGATCTTTACATTGGGTACCTGTAACTGTACAACAATATTGGCAATTTACTGTAGATTCT
EE kR % EE RREEE KR KK KR KRR RE kR RRREE Rk RREEE ¥ *
Native GTCACCATCAGCGGTGTGGTTGTGGCCTGTGAGGGTGGCTGTCAGGCCATCTTGGACACG
Codon-optimized GTAACTATTTCTGGAGTAGTAGTAGCTTGTGAAGGTGGATGTCAAGCTATTTTAGATACT
EE kR R Wk EE kR KK RE ORREE RERRE REKEE BR EE Kk R RE
Native GGCACCTCCAAGCTGGTCGGGCCCAGCAGCGACATCCTCAACATCCAGCAGGCCATTGGA
Codon-optimized GGAACTTCTAAATTAGTAGGACCTTCTTCTGATATTTTAAATATTCAACAAGCTATTGGA
EE Rk R KR K ¥ k% RE R OEE K Rk KR KRR KR HERREE
Native GCCACACAGAACCAGTACGGTGAGTTTGACATCGACTGCGACAACCTGAGCTACATGLCC
Codon-optimized GCTACTCAAAATCAATATGGAGAATTTGATATTGATTGTGATAATTTATCTTATATGCCT
EE kR R KR ok RE KR Rk REKKE B KR bk Rk kR & wk kR
Native ACTGTGGTCTTTGAGATCAATGGCAAAATGTACCCACTGACCCCCTCCGCCTATACCAGC

ACTGTAGTATTTGAAATTAATGGAAAAATGTATCCTTTAACTCCTTCTGCTTATACTTCT
HEEEE BE SRERE BE RREEE KREEEREE BE F KR E¥ KE KE SRR

Codon-optimized

Native CAAGACCAGGGCTTCTGTACCAGTGGCTTCCAGAGTGAAAATCATTCCCAGAAATGGATC

Codon-optimized CAAGATCAAGGATTTTGTACTTCTGGATTTCAATCTGAAAATCATTCTCAAAAATGGATT
HEEEE KK KK EE KEREE  KEK EE K HEEFERRARERE RE KRR

Native CTGGGGGATGTTTTCATCCGAGAGTATTACAGCGTCTTTGACAGGGCCAACAACCTCGTG

Codon-optimized CTTGGTGATGTATTTATTAGAGAATATTATTCTGTATTTGATAGAGCTAATAATTTAGTA
ok RE KREEE KK KK REKE R AR REEEE KK Ok KK KK K kR

Native GGGCTGGCCAAAGCCATCTGA

Codon-optimized GGATTAGCTAAAGCTATTTGA

wE R Rk EREEE KK REE

ol !~ (Codon-optimized) ediang O3S Lol jmw 05 5 (NALIVE) ab (38 05508 0 OF i ($a2d; A5 5288 5 M g5 @bl spn =Y I

s A{LLA('.AL{L;‘}J_’J)J ool Lol 130Las sl 55 05 55 olS CedMys IS 5 azen SGlll 55 caslia

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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buffer (PBS) were used as control.
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