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Search and Analysis of Taste-related Proteins from Soybean
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ABSTRACT

Miraculin is a taste-modifying protein that acts to convert sour stimuli to sweet
perceptions. To date, several sweet proteins (thaumatin, monellin, mabinlin,
pentadin, and brazzein) and two taste-modifying proteins (miraculin and neoculin)
have been isolated and studied. Though most of them, including miraculin, are
from tropical or semitropical plants, many miraculin-like proteins (MLPs) are
known to exist in a wide range of agricultural plants, such as soybean, tobacco,
and grape. In this study, a gene that encodes a miraculin-like protein from soybean
(SoyMLP) was cloned. Its deduced amino acid sequence was 44% identical to that of
miraculin. Subsequent construction of expression vectors resulted in the successful
expression of recombinant SoyMLP both in Escherichia coli and Pichia pastoris.
Recombinant SoyMLP secreted by P. pastoris was purified with cation-exchange
liquid chromatography, and the purified protein was observed as a single band by
Coomassie blue staining SDS-PAGE. The results of size-exclusion chromatography
analysis indicated that SoyMLP existed as a monomer, while miraculin was
reported to form a homodimer. Preliminary sensory tests showed that recombinant
SoyMLP had no detectable taste-modifying activity. A cysteine residue was
introduced to SoyMLP by site-directed mutagenesis, to construct dimeric SoyMLP
with taste-modifying activity. But the result of size-exclusion chromatography
indicated that the mutant SoyMLP (SoyMLP-Cin) still existed as monomer. Soy
Protein Research, Japan 17, 37-41, 2014.
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Fig. 1. Alignment of amino acid sequences between
miraculin and several MLPs. From the top,
amino acid sequence of miraculin (UniProt
accession number:C5NU63), SoyMLP cloned
in this study, MLP from grape (A5AXN3),
MLP from Murraya koenigii (D2YW43, PDB
accession number: 3IIR). ClustalW ver.2.1
was used for this alignment. Cystein residues
are shown in grey, and residue numbers are
indicated for the cysteine residues of micarulin
that form disulfide bonds.

0O000oododdvol 1720140

0000000000000 0000SoyMLPO O
000000000000000000000000
pET28a0 0 0 0 0 0 O O O pET28a-SoyMLPAssO [
00O0BL21 (DE3) plysSO 00O 0O0O00OO0O0O
000000000000000000000000
O000O0O0000IPTGODOOOOOODOOOO
00000000000 mMO000000ooooO
O0O0cspAD D DD O0O0OOOOODOpColdl OO
000000000SyMLPOOOOOOOOOOO
000 pColdl-SoyMLPAssT 0 0 0 OBL210 000 O
000000000000000000000000
O000000O00Fig 2A0 0000000000
000000000000000000000000
O00O0Fig 280 000000000000000
000O0SoyMLPO OO 0O

0000000D000000000SoyMLPO OO
000000000000000000000000
0000000000000 000000SDS-PAGE
0000000000000 000Fig. 2B 200 mL
000000005mgd0000000000

A B

(kDa) (kDa)

97.2 97.2 [ &=

66.4 66.4 ==

44.3 w 44.3 B

29.

9.0 — = 29.0 | =

201 — o —-—
' 20.1 = :

14.3 14.3 '™

M 1 2 3 4 M 1 2 3 4 5

Fig. 2. Expression and purification of recombinant
SoyMLP. Panel A, expression of SOMLP
with pColdl vector in E.coli BL21. Lane M:
Molecular weight marker, lane 1: soluble
fraction of E.coli BL21 (without expression
vector), lane 2: insoluble fraction of E.coli BL21,
lane 3: soluble fraction of BL21 that expresses
SoyMLP, lane 4: insoluble fraction of BL21
expressing SoyMLP. Panel B, Expression
and purification of SoyMLP with yeast Pichia
pastoris. Lane M: molecular weight marker,
lane 1: medium fraction before purification,
lane 2: flow-through of cation-exchange column,
lane 3-5: fractions containing SoyMLP eluted
from cation-exchange column.
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Fig. 3. Size-exclusion chromatography with Superdex
75 5/150 GL column. Thin line indicates the
elution of wild-type SoyMLP, and thick line
shows the elution of SoyMLP-Cin.
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