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Abstract
Objective

The aim of present study was transient expression and purification of recombinant caprine
chymosin and prochymosin in N. benthamiana leaves using plant binary vectors and tobacco
mosaic virus (TMV) vector.

Material and Methods

The caprine prochymosin gene sequence was obtained from NCBI gene bank and optimized at
codons for preferential expression in tobacco leaves. The chymosin and prochymosin genes were
introduced into the plant binary and viral vectors. Immunoblotting analyses were conducted to
demonstrate expression of chymosin and prochymosin, and the expression level was quantified

by milk clotting activity test.
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Results

Results indicated that N. benthamiana leave cells cannot process prochymosin correctly and only
a weak band observed in extracted total proteins (TPs) which showed no milk clotting activity
while leaves infiltrated by p20achymosin showed a band with chymosin molecular weight and
slightly showed milk clotting activity. TMV-based recombinant prochymosin and chymosin
expression showed necrosis after 3 days post infiltration (dpi) in agro-infiltrated leaves and after
5 days, leaves completely dried and necrotized. Blotting analysis showed only a band with right
molecular weight in TSPs extracted N. benthamiana leaves infiltrated by TMVachymosin.
Moreover, we subcloned chymosin which expanded with a N-terminal barley alpha amylase
signal peptide and a C-terminal hybrid Fc tag which labelled as TMVochymosinhyFc. The
expression level increased gradually from 2 to 5 days after infiltration from 3.3 U/g FW to 16.8
U/g FW but after 5-day leaves necrosis started and expression level reduced gradually.
Conclusion

Viral vectors and transient expression can be a cheap, fast and effective method to produce a huge
amount of recombinant proteins but it seems chymosin production still needs more research and
find the N. benthamiana cells problem with chymosin which leads to necrosis and reduce the
expression level for large scale production.
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Figure 2. Fluorescence imaging of chymosin and prochymosin. Subcellular localization of

the recombinant enzymes was determined by live-cell imaging of N. benthamiana leaf

epidermal cells expressing p20achymosin®™ and p20prochymosin®®,
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Figure 3. Secreted proteins (AF), total soluble protein (TSP) and total protein (TP) extracts

from N. benthamiana leaves expressing prochymosin®™® and prochymosin™" were

analysed by immunoblotting at 2 and 3 days post-infiltration (dpi)
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Figure 1. Total soluble protein (TSP) and total protein (TP) extracts from N. benthamiana

leaves expressing achymosin®™ were analysed by immunoblotting at 2 day post-infiltration
(dpi)
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Figure 5. Necrosis in the Nicotiana benthamiana leaves infiltrated by (a) TMVachymosin

and (b) TMVprochymosinkPE- from 3 dpi to 7dpi. Nicotiana benthamiana leaves infiltrated
by (¢) TMVachymosin™"© and (d) TMVprochymosin“PEL after 5 dpi

OigesS gy & St Colld 3 o2 bnonnd gy Ol gaad (o )52 9 (12 j90s (o) Cudlad (6550 5101

S (ol s Btogr g 5T 5T 6y jl dlio | b odd (32,5 (55 olS oSy jload (alld (0Bigp (59  Laid
win 59y b 3205 5l (9o oy Sl o3 3y LS Sl jelate (s 035 (Sejlsl TMVachymosin®™™e .y,
S Sygo 4 <8l Gl 55 3 e ok 59y U pod o) 3 (s g &5 S s Clleb 005 (g S Aigal
by pils s 4 pjgesS (o Cllab WS 0 059,85 oy 0590 b 5l 5 e 9 ey VA UG 4 YT UL )
e slales 3 0ad palls (g (9595 olS 53 08 Mg oS 95 (g n lewon Chuogad (gw)p jslaie 4 0)S

Ol Led Liul38l b o 5aeaS aisd Sl i Callad 1030)8 (6108 iles )5 4By Ve e 4y wgedw d Ve Y-

1)
Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

929 JBU (s9l> uiilodogs

8, SN,



BN,

(YE+Y bl oF o,lowd (V€ 290) (655908 (5590953 gy dlxo

aisd LSiis Culld g da 0 Ve glod 40 5 ol Cowds ok a0 ¥o glod p3 cullad 1y i 4 gldssS b il
8o o p) Ew2 09 (B8 o p) B 8.5 o Slugs

(Y i) ) o 5l IS Oy 40

a
b
1 M 2 3 4 5 6 7 8 9 M10 11 12 13

80 kDa - 80 kDa e

58 kDa - A 58kDa |ume

46 kDa — ey NN — — 46 kDa

/'- R ——— Y -
32 kDa « B amc’ — B 32kDa | = >
B aC

Lol 32,5 05ig ol SBS 1 13 (njeeaSa 9 (2 jsesS g Sl o 9 gl () T U
9 TMVachymosin ;TMVprochymosin e—wgmg J8U sols eiemilico 37 057 55U 5257 6 5S4
oL balis (31,3 SS g 3l 0 gl Sl JS Jglowe (piig e 1) Sala TMVprochymosin®PEt
Lol (82,55 S 2 3l 00 5l U (g 9 JS Joloe (g i Y 9 ¥ Sale (o988
Oigy Jobw m SLad e cud b 4 90 & Sals « TMVprochymosin sl ggls (5,55
« TMVachymosin o;lw ol 5585L b samd 42,35 Sy 3l 00 glSw! JS owiig p 9 JS' Jolore
3o glySd 1S (g 9 JS Joloo (9 (ol (e SLa 8 (ligp cd F 48 9 A Y Sals
¢32.39045 952 (B) coSaungy oy (A) TMVprochymosinkPE a5l gols (6 5SL b ouwd 3,35 Sy
0 9 ¥ g ;3 03 ol (sdiged 1 (259005 9 (39S 932 (90 S5 Lw A (D) (259045 (C)
Lo (81,5 Sy jloas glscuw | IS cpmidgym 1)) Sl ouud (alld (1 590uS g diged 1) e Sals
GoF Sy 3l oad gl IS Jalowe (piig 1V Y Sals (TMVprochymosin sl ggls (5 255U
b (31,3 Sy 3l oad (alB s jaeS diges 1) Y Sals « TMVachymosin ajlw ggls 5,585L b saus
TMVachymosin ajle gl 555U L

Figure 6. (a) Immunoblot analysis of prochymosin and chymosin in Secreted proteins (AF),
total soluble protein (TSP) and total protein (TP) extracts from N. benthamiana leaves at 3
days post-infiltration (dpi) using antibodies against the strep IT tag. Lane 1: TSP extracted
from non-infiltrated N. benthamiana leaves served as negative control; M: protein marker;
Lane 2 and 3 TSP and TP extracted from infiltrated N. benthamiana leaves by
TMVprochymosin respectively; Lane 4, 5 and 6 shows IF, TSP and TP extracted from
infiltrated N. benthamiana leaves by TMVachymosin respectively; Lane 7, 8 and 9 shows
IF, TSP and TP extracted from infiltrated N. benthamiana leaves by TMVprochymosin<PE-
respectively. (A) Rubisco (B) prochymosin (C) chymosin. (b) Purification of prochymosin
and chymosin from lane 3 and 5. Lane 10: purified prochymosin; lane 11: TP extracted
from infiltrated N. benthamiana leaves by TMVprochymosin; lane 12: TSP extracted from
infiltrated N. benthamiana leaves by TMVachymosin; lane 13: purified chymosin from
infiltrated N. benthamiana leaves by TMVachymosin

1y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

Y€+ c&‘)&.o?og ui‘*‘

a b
180 kDa
180 kDa
70 kDa Chymosin-Fc 100 kDa
55 kDa 70 kDa
55 kDa Chymosin-Fc
40 kDa
40 kDa
30 kba 35 kDa Chymosin
25 kDa 25 kDa
10 kDa 10 kDa

9 () Saly) IS Jgloxo (g 13 FC sy 4 00 Juaio (3 9005 (g bt (o 52 (3) Y JSW
w929 JBU (5ol (8L b oamd (52,55 g7 olS S g il 0l gl il (¥ Sala) JS (059

03! b (359005 (S5l pB (D) .G 9998 gigeul dale (g3L T ;1 oalkins! L TMVachymosin™F©

Sy 31 00w gl Sl JS' Jolomo i 3 FC ay pud iSu &y JLail Jaled (61,15 &S A (39 o3, 3

NYFC cwgyg JBU ols (68L Load 41,5 (159 olS

G2y 3 om e 39,y 4 TMVachymosi
Figure 7. (a) Monitoring expression of chymosint© in total soluble protein (TSP) and total
protein (TP) extracts from N. benthamiana leaves at 5 days post-infiltration (dpi) using
antibodies against 1gG.M: Protein marker; Lane 1: TSP extracted from infiltrated N.
benthamiana leaves by TMVachymosin™"C; Lane 2: TP extracted from infiltrated N.
benthamiana leaves by TMVachymosin™™, (b) Coomassie staining of chymosin™*¢ purified

by protein A immunoaffinity out of total soluble proteins at 5-days post infiltration
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Table 2. Effect of different temperatures on milk clotting activity of expressed chymosin in

tobacco
Temperature (°C) (Lo g 4> )3) Lod
70 60 50 40 30 20 10
Bl Collad
nd 16.0+4.08 52.0+4.0°° 88.0+3.08 96.0+2.0" 57.7+2.5° 44.0+4.5° oo
Residual
activity
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