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Abstract To produce the miraculin protein in suspension
cultures, rice (Oryza sativa L.) was transformed with Agro-
bacterium tumefacience EHA105 containing the miraculin
AB512278 gene. The cell suspension cultures were established
using cell lines selected from transgenic rice callus. The
integration of the miraculin gene into the rice chromosome
was confirmed using genomic PCR analysis. In addition,
RT-PCR analysis indicated that the miraculin gene is
expressed in the selected suspension cell lines. Thus, the
recombinant miraculin was expressed in the transgenic
suspension cell line, HK-2. Therefore, we have successfully
developed a HK-2 line that produces miraculin. These results
demonstrate that transformed cell suspension cultures can be
used to produce a taste-modifying protein such as miraculin.
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1988). 3k o] 5F3KS-S) A2 Sofl 254 F N7 AAH 4
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etal. 2007)9} &2 thFet A Z 5 o] §-5ho] AT A}
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N6 LA Hf 2] of callus 237 B F e S Bkl e g4
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A|Blo] A 5141 TH(Table 2).

i gl

ogt

RS T e 2A

S
2L — =

oflt
i

ARG S, FAA e FAAg ARl o = e =
9] miraculin $Az}e] WS ol Y3 RT-PCRy;
Western blot 2412 =33} ¢ t}. Total RNAX= FavorPrep ™
Plant Total RNA Mini Kit (Favorgen, Korea) & A}-8-5}0] &5}
& 11, Inclone™ One-step RT-PCR kit (Inclone Biotech, Korea)&
AF-8-3}0] cDNAE §H/d 83l th PCR 2712 95°Cof| A 587k
pre-denaturation A] 7] 3=, 94°Cof| A 157} denaturation, 57°Co]|
A] 187} annealing, 72°Cof| A 127} extension2- 30cycles= 4=
35193 a1, 72°Cof| A 557 extensionS A A &} T} PCRAME
2 2% agarose gel Aol 4% 3§t 2, ethidium bromide = & A5}
o] band= & Q15} 3t} Western blot 2412 913 T 2 =&
2 miraculin f-7 27} = ¢ = o] mRNAS] @& ¢fo] =2 Al
g}o1 7} wild type 2] callusZ F-¥| extraction buffer 2.0 M KPO,
(pH 7.8), 0.5 M EDTA, Triton X-100, 1.0 M dithiothreitol (DTT),
80% glycerol 2 dH,0200 pl = -3 200 @ A} g510] 2
Z35}9th. Bradford (1976)7} H 138F W -2 Z3) a2 9]

uei)

¥R



J Plant Biotechnol (2020) 47:227-234

229

Table 1 Comparison of the amino acid sequence of miraculin with allergenic proteins using Allermatch (http://www.allermatch.org/)

and NCBI blast

Best hit .NO. of .% .Of S L
Description identity hits ident hits ident Full identity Scientific name
>35.00 >35.00

Serine protease inhibitor 7 39.30 24 17.02 28.60/227 Solanum tuberosum

Kunitz-type trypsin inhibitor KTI1 37.54 16 11.35 33.50/212 Glycine max

Trypsin inhibitor A 37.54 13 9.22 31.60/215 Glycine max

Kunitz-type trypsin inhibitor KTI2 37.54 8 5.67 32.40/213 Glycine max

Kunitz trypsin inhibitor 37.50 13 9.22 31.60/215 Glycine max

Kunitz trypsin inhibitor 37.50 13 9.22 31.60/215 Glycine max

Aspartic protease inhibitor 11 35.80 6 4.26 29.90/194 Solanum tuberosum

Cysteine protease inhibitor 1 35.00 3 2.13 28.80/240 Solanum tuberosum
Table 2 PCR primers for transgene confirmation and RT-PCR 12,000 rppm & &2 5E7F YA B2} AAZ S 43 5)o] gt

Primer name A 54 9 g S 918 BRI T ol g3kt

Sequence (primer direction 5’-3%)

PCR primers
SWPA2-Fw CCAATTAAAGTCCCCAACCA
Miraculin-Rv ACGGTGGGACAGAAAACAAG
RT-PCR primers
Miraculin RT-Fw TCCACCGATCTCAACATCAA
Miraculin RT-Rv GGTTGCGTTTTTCGTCGTAG
Actin-Fw ATGGTTGGGATGGGTCAAAAA
Actin-Rv TCTTTAATGTCACGGACGATT
TEE 2ESAA 2T 2GRS AHEsto] A
%ﬁ}oﬂr/} Western blot 442 Z+7+ o] Mlgtel o 2 HE £ ot
11721 50 pgS 12% SDS polyacrylamide gelsof| 4] 22|51 ot

(Laemmh 1970). Anti-FLAG-8 T &+3|(Sigma-Aldrich, USA)
+ 1: 1000 (viv)E 3]Asto] ARG, T HES

Roche 3] Alol| A A| 581 ol 7+ A of| whet =3 3} ¢t
E. coliZEE| MZEEH miraculin EHYEIRT

E. coliZ ©]-8-3}9] miraculin T ZEI Hk5] S Q13| pET42 ) E]
O] EcoRV U BamH 1 A3t & A H Qo E2 23} E. coli -
= BL216] %82 5+ 51ehFig 6A). B 98 B T2 50
mg/L kanamycin©®] =17t LB LA ufj ] of] =2ts}ar, /\1 Elas]
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5tof 37°Coll A 16417 B g3t S et o &, Hjfel2 1202
scale-up 3} 37°Cof A F 3A| 7t Hjj 4F 5} ODggo 7} 0.5-1.00]]
=St = YT o] o HjgHof IPTGE 2T s 1
mMo| & =5 3 715ko] 37°Col A oF 3AI 7 o =M
WAL S Fresh ek T FEE o v S 4°Co A
12,000 rpm & 2 5271 4] £ 2|5}l PBS bufferE
7+ 0 2 603 sonication 3} Th &3E A ZE 4°Co| A

Y1z
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E. coli2 H¥] 2231 2| 23} thif 2] 0] A A= Anti-DYKDDDDK
Affinity Resin Column (Sino Biological Inc., China)2- ©]-8-3} ¢
Z13Y 5} 4 T} PBS buffer (pH 7.4)E- column©]] 33] &2 column
& ) A7) 5 045 uM filer e 7 WA 7144 0
u2 S Anti-DYKDDDDK Affinity Resino]) 2 & 234 7
t}. 71 t}2 PBS buffer (pH 7.4) & o] -&35}o] AgE A okt
il 2]-9- washing 2= pH 3.09] elution buffer (100 mM glycine, 10
mM NaCl)E 53] o] & columno]] A A 29 thal 2
% gastanh

mm

=]

olgt EXRM 7

Hi
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Al = miraculin T2 100 ng, 200 ng, 400 ng, 600 ng, 800 ng,
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71l 71 A & vt} 5 U 5HA| Western blot 4] & A A 8Fof 4
S R 4 EJ T4 9 intensity S 575}
Bradford (1976)7} E_]_i HE 2 85ho] Tl 2] Ak 9
FREIMoD »wamiu}

o

21

Miraculin EH4ZS] 4 & FxEEA

AoFL )7} YALO & Richadella dulcifica®) F-2 E1j| 91 miracle
fruitof] A 2] ¥ miraculin -f- 7 Z}+= 660 bp2] &G 7| 2 o] F 0]
A, 2974 9] ofu] . A N-H et A5 A D& L ghs= 2207) 2
ofu] = AFO 2 24.6 kDao] B A}eFS ZH=t}(Fig. 1). Miraculin
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Fig. 1 Nucleotide and deduced amino acid sequence of miraculin gene. The underlined green text represents the FLAG-tag
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A MKELTMLSLSFFFVSALLAAAANPLLSAADSAPNPVLDIDGEKLRTGTNYYIVPVLRDHG
GGLTVSATTPNGTFVCPPRVVQTRKEVDHDRPLAFFPENPKEDVVRVSTDLNINFSAFMP
CRWTSSTVWRLDKYDESTGQYFVTIGGVKGNPGPE TISSWFKIEEFCGSGFYKLVFCPTV

CGSCKVKCGDVGIYIDQKGRRRLAL SDKPFAFEFNKTVYFDYKDDDDKGDYKDDDDK

RB — LB
2 Miraculin Nos =
I— SWPA2 “FLAG T CaMV 35s Bar —I
Hind Il Xbal BamH 1 EcoR1 Xhol Xhol
Sacl
B
3 days
Pre-culture
proliferation of
callus cell line
4 days b
Co-culture L5
Callus cell line

)

PCR, RT-PCT,

Western blot analysis suspension cattnre of

callus cell line

Fig. 2 Selection strategy of suspension cell lines with the recombinant taste-modifying protein, miraculin. (A) Ti-plasmid vector
construction for overexpression of miraculin genes in rice. T-DNA region of pCAMBIA2300::miraculin. RB, right border; LB, left
border; SWPA2, oxidative stress-inducible peroxidase anionic 2 promoter; miraculin::FLAG, miraculin gene with FLAG-tag; Nos-T,
nopaline synthase terminator; CaMV 35S, cauliflower mosaic virus 35S promoter; bar, bar gene. (B) Agrobacterium-mediated
transformation procedures in rice callus. a, seed sowing; b, callus formation after 3 weeks; c, callus selection for infection; d, callus
infection; e-g, callus formation after infection; h-i, selection of callus cell line; j, suspension culture of callus cell line (HK-2)

A >y o> 5

Y I RD

B Mowr & & F
Miraculin - — — o <218 bp

Actin

Fig. 3 RT-PCR analysis of recombinant suspension cell lines.
(A) Confirmation of T-DNA integration in recombinant suspension
cell lines using forward primer (SWPA2 promoter region) and
reverse primer (miraculin gene region). (B) RT-PCR analysis
of recombinant suspension cell lines and wild type. M, molecular
marker; WT, wild type callus as negative control; HK-1-HK-5,
transgenic suspension cell lines
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Packed cell volume (g)

Day (D+)
—+—HK-1 —0—HK-2 —{3HK-3

—&—HK-4 ——HK-5

Fig. 4 Cell growth curves for recombinant suspension cell lines. (A) Suspension cell lines sub-cultured 4 times and measured 4 times
every 4 days. a-e, suspension cell line HK-1 to HK-5. (B) The relationship between packaged cell volume and suspension culture time

A

kDaMWT&&Q*
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B N T S
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25 1 e ——— )5 4] kDa

15 |

Fig. 5 Protein production in recombinant suspension cell lines
using SDS-PAGE and Western blot analysis. (A) SDS-PAGE
analysis (B) Western blot analysis with the FLAG-tag (DYKDDDDK).
Protein was isolated from 5 suspension cell lines (HK-1 to HK-5)
and wild type callus. M, molecular marker; WT, wild type callus
as negative control
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Fig. 6 Standard curve for quantification of recombinant miraculin protein. (A) pET42 vector construction with EcoRV and BamHI
for miraculin protein expression in FE.coli. pET42-miraculin vector consisted of a T7 promoter gene, lac operator gene, RBS
(ribosomal binding site), the miraculin gene with FLAG-tag, and a T7 terminator gene. (B) Western blot analysis of purified
recombinant miraculin protein from E. coli strain BL21 containing pET42-miraculin vector. M, molecular marker; MC, E. coli strain
BL21-MOCK control (no IPTG treatment); Recombinant proteins by concentration (IPTG treatment). (C) Standard curve for recombinant

protein quantification

Table 3 Quantification of miraculin protein from suspension
cultured cell lines using a modified Bradford assay (Bradford 1976)

Total soluble

Purified miraculin Purity

Cell line protein (TSP) .
t L % TSP
(ug/uL) protein (ug/mL) (% )
HK-1 3.55 0.033 0.93
HK-2 435 0.087 2.00
HK-3 4.15 0.080 1.93
HK-4 3.80 0.072 1.89
HK-5 3.58 0.050 1.40
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