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Production of 2-Methoxy-1,4-benzoquinone (2-MBQ) and 2,6-Dimethoxy-1,4-
benzoquinone (2,6-DMBQ) from Wheat Germ Using
Lactic Acid Bacteria and Yeast

Jong-Gil Yoo and Myoung-Dong Kim*
School of Biotechnology and Bioengineering, Kangwon National University

Abstract

Wheat germ contains the glycosylated forms of 2-methoxy-p-benzoquinone (2-MBQ) and 2,6-dimethoxy-p-benzo-
quinone (2,6-DMBQ), both of which have antimicrobial and immunostimulatory effects. Conversion of glycosylated
2-MBQ and 2,6-DMBQ to their more functional unglycosylated forms requires enzymatic action of B-glucosidase.
We investigated the applications of lactic acid bacteria and yeast that produce B-glucosidase as starters for produc-
tion of unglycosylated 2-MBQ and 2,6-DMBQ from wheat germ. Lactobacillus zeae and Pichia pijperi were
selected through B-glucosidase enzyme assays for 37 yeast strains and five strains of lactic acid bacteria. Lb. zeae
was more efficient than P. pijperi at producing 2-MBQ and 2,6-DMBQ from wheat germ. After 48 hr of fermen-
tation with a mixed culture of Lb. zeae and P. pijperi, the concentration of 2-MBQ was 0.46+0.07 mg/g, indicating
an approximately 1.6-fold higher concentration than that obtained by pure culture of Lb. zeae. However, the con-
centration of 2,6-DMBQ was not significantly enhanced by fermentation with a mixed culture of Lb. zeae and P,
pijperi.
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F=3gE FreAse] A2 vgSidel i &

He o) ARY Edo| HuE dom(Szent-Gyorgyi,
1972; Szent-Gyorgyi, 1982; Huang et al., 1985; Hidvégi et
al., 1999), Fig. 19| EA]%¥ 2-methoxy-1,4-benzoquinone(2-
MBQ) ¥ 2,6-dimethoxy-1,4-benzoquinone(2,6-DMBQ) Al
7, =Folol gk A AsaAE Jepln, o T
Axe] diste] Alx 5A4& JeERdTh B35 th(Lana
et al,, 2006). ©] F 3}HE- ZuljoloA wigA] FE|=
EAelE Ao 2 B I E O (Szent-Gyorgyi, 1972), 3]
2,6-DMBQ< TFFSE 2=¢] A EAjstal o] 5 54
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o2 HFHE Aoz Il Lale
33} 5ol Jom Fe] diF, ehFet Al
5, EFH2] 5] JtH(Handa et al., 1983).

F2 T2 dHH 2,6-DMBQL] #H-S Aurm
o= 0.1 mg/g, HEE Hrjolol= 0.2 mg/g, Lol
£ 0.001 mg/g, X.2] viololl= 0.07 mg/g F= SHrElo] S
= AoZ dHA  JtHTémoskozi-Farkas & Daood,
2004). AA &5 Saccharomyces cerevisiaeS ©]-&3+ Y
Hjo} Wg Eo] /e o] o utE (Avemar)Zhs AlFSE
AAAH o2 ey Jon 04mg/gd] TEE 2,6-
DMBQE #3dte AR d#A Urh(Tomoskozi-Farkas
& Hidvégi, 1996; Hidvégi et al., 1998; Tomoskozi-Farkas
et al., 1998).
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Fig. 1. Chemical structure of 2-MBQ (A) and 2,6-DMBQ (B).

ZZA] 7)™ (Telekes et al., 2005), FAIEL] E=T A}l
3dS = A So] Ei¥ vF JrH(Comin-Anduix et al.,
2002; Telekes et al., 2009). Eulol= L (Triticum vulgare)
S =8 v dAsE FAERA W oF 24%(wiw)E
kA 8k, BIERY] ES BIE3F vlERR] B 7F Fgk A
o7 4#A ArH(Heimbach et al., 2007). o] 3 Hujo}o|
= 2,6-DMBQ7I HlGA JE| = EAlste Aoz gelA
At FH Fodst= aR7F AAEHE B-glucosidases]
gl ofste] M PA 2 ] E okl B A% TH(Szent-
Gyorgyi, 1982).

B-Glucosidase(p-D-glucoside glucohydrolase, EC 3.2.1.21)
= o|FFY e e A=Y B4 TS FE
Adtshs 8424 AR WA Fa3 988 st
) tH(Baldrian & Valaskova, 2008). X =7kA] HIEH B-
glucosidase= THFsH SAS WEM L = EAFEo
35-640 kDaol| ©]|2H, A& FFo], a7, Ald & F=9
27 5o AlEF, MEY 283 A EyFe] 8=
Aog d#lx Jri(Baldrian & Valaskova, 2008). HH G|
P2 SRt dEARQ] AREO2A T EAls= o]
2ZTHELS YHE genistin, daidzinz} 7+ w3 Hel=
A A o= =2 AFEE gA Ho A A
ANM e FF&o]l WA tF YREAFNA = nA=E]
B-glucosidase®ll ]38l @37t 7HiEsl| = o] HlulEA] FE)
2 o] EAlH o] AL AW F57F Bt golste] 4
A o2 A FejEth 2 AYPLHS Yefll= 22
2 d4HA AthMiura et al., 2002). Bifidobacterium sp.
9 Lactobacillus sp. &< vIAEC] B{F3AL U= B-
glucosidases AYAtsle] wigA] o] AZel-g HlujdA] o]
LZHEO R HIANA 23 FHE&S SN A7+ S
7F B3 8} g)th(Champagne et al., 2010; Donkor &
Shah, 2007).

Decroos et

Jpv

o

al.(2005)< Enterococcus
faecium, Finegoldia magna, Veillonella sp. 52 &3l
%ol 28] daidzein®] equoleE A EA o] wH= whH,
FEH] ol A= daizein®] equol®| Y} dihydrodaidzein & 2
AEAZE R etk AS B

28tol B-glucosdiase E/go] F2 ZAbtolu aRE &

Lb. mucosae,

B & ARgete] & st A &Aool 2 o4
ZehE o] e Fxle A7 FAEASH (Pyo et al.,
2005; Yu et al, 1987; Yu et al, 1988), B-glucosidase &4
S UeM = Bifidobacteria®t Lactobacilluss  ©]-&3}4]
anthocyanin®] A4S FalFgo =M A &4 v
W malvidingt 43¢ #H54hs 42 A% B bt
ATHAvila et al, 2009). =3+ 14 A EYOZRE B-
glucosidase A4+ 58S A PlAES #]3te] ginseno
side Rb & F&]&/dS A ginsenoside RAZ HEAIZ1 A
TA 37t B ATHKim et al., 2005).

B AFeAE HEEARl 2,6-DMBQ ¥ 2-MBQE A
AFt7] $18ted 2 3t B-glucosidase &0 =2 29}
Brkstg Addkstod, Wuljo} g ol o] §-3taat ekt

=R
ZHHof

Hujole (F)5oFd(Seoul, Korea)oll A T+ 3te] -80°C
of HASHAA ARSI A HE 71AR ARESH] el 7t
A4 H3)71(FM-909T, Hanil, Seoul, Korea)S ©]-&3}o

AFoRRE EEdE zR ¥
Lactobacillus B4 Ht-2 =478 3-8t v =2 AlE
(The Korean Collection for Type Cultures, KCTC)} 3=t
w] Ay & 2 E A B (Korean Culture Center of Microorganisms,
KCCM)AIX 43ttt 2 v s ujdslr] $15ke] YEPDHY
A)(1% yeast extract, 2% peptone, 2% glucose)E AH&-3} %
o FHakt& MRSHIA|(BD Diagnostic Systems, SPARKS,
MD, USA)E AME-3F T} B-Glucosidase T4 Fr =&
WA= YEPDSF MRSHiA] o il &9 2293
2% 552 cellobiose(Sigma-Aldrich, St. Louis, MO, USA)
2 thAsle] ARS8 th MRS & YEDP 3Hd 2Auf#)
Ao A 1ME Hstd 5mLe] Ao YHIA(MRS E=
YEPD)ol %3l F &) 7] (Hanbaek Scientific Co.,
Bucheon, Korea)E ©]-8-3k¢] 30°CellA 10A17F v ¥ I,
600 nmol| A F3=(0Dy)E St daEelste] 44
o] AEXE IFeiii. 35 AlEe Hd S/HTE 2
3] A2 3E 3 cellobiose”} 2%(wv)e F=Z H7HE MRS
H= YEPD #iA] o] 27] §8%E(0Dy,)7t 0.10] H=E 3
3 5, A7 E o]-83t] FEE(0Dyy)7t 1°] 2
i 7kA] 30°Coll A Bl FsEAAL, Mgl Al st Az
T 1gol alFste AEE 356t B SHTE 23]
AA e $ 2-MBQ ¥ 2,6-DMBQS] A2HS 918 wa o
AHE-sEA T

33 aR 9 RS 600 mLe] BHEEF5 &

=

L
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715 B2s ol 602 FYsIL IS
o]-g-3ted 30°CellA LESATE BE7F SR 4R
(16,110 xg, 10 min)3te] 5 NS FH 3t 0.45um 24
(Advantec, Tokyo, Japan)Z <] 3}s}3L 574 7 Z(llshin En-
% _80°Col st

T

gineering Co., Seoul, Korea)3t

A

MIZ2| B-glucosidase &4 =X
B-Glucosidase & 4~8J-2 Hong et al(2009)2] WHS
Tl ste] Pt METE AAE s a4
OE 0]-8-3}%3 3, p-nitrophenol & (Sigma-Aldrich)S 17
== 43 F 410nmelM 9] FFE=E S48 AP
—g— 23k} 7122 sodium acetate $+5-24(500 mM, pH
4.5)°l  p-nitrophenyl-B-D-glucopyranoside (pNPG, ~ Sigma-
Aldrich)®] 5%7} 33mMo| HE5 &afA1Z] ¥, 16 uLe]
Za a9 7|FEA S 48l H7Fsl] 30°ColA] 308 &
QF WkSATHTE AN 136 uLe] 1M Na,CO,(Duksan,
Ansan, Korea)s FU3td FZAAIHTE A4 % p-nitrophenol
TEE 410molX FEEE SA 6 vE] 77 AR
o]g-3t] ZAASIATE 1unite] TAEAFL 30°C, pH 4.5 =
A4 15 52 1 umole2] p-nitrophenolS A4 s= 4
o] o= Aottt

Bradford Dye Reagent(Bio-Rad, Hercules, CA, USA)E
o] &3t A=A AA G ZANA dE FEE S}
aow, AYF== 52X E bovine serum albumin(BSA,
Bio-Rad)& °]-&3dt S 2813

2-MBQ % 2,6-DMBQ Mzt 24
Dujo} g E 9] 2-MBQ ¥ 2,6-DMBQY] oz
Tomoskozi-Farkas & Daood(2004)2] WS W sle] =
stk FAAXRE 1g2 S/ S0mLol &3iAIZl &
100 mLe] EZ2 ¥ E(SK Chemical, Ulsan, Korea)S ©]-&
3]_0% 3:5:] Hjajg—]_oﬂq_ H;?j%,g 71—01— izﬂ(EYELA
Tokyo Japan)E ©]&-3te] 40°ColM F=3le] TPRS A
£ % 20mLe] HPLC(high-pressure liquid chromatography)
o] 5425 mM KH,PO,:acetonitrile = 9:1, pH 4.8)0.% &3}
AlZ13 045 um FAH71E o] 3-A](Minisart RC4, Sartorius
Stedim Biotec GmbH, Goettingen, Germany)Z ]33t &
HPLC(LC-20A, Shimadzu, Kyoto, Japan)S ©]-&3&}o] ¥4
SRt 498 A2 RP-Amide C16(250x4.6 mm, Supelco
Inc., Bellefonte, PA, USA)H oW o]F AL 25mM
KH,PO,(pH 4.8)¢} acetonitrileS 9:1(v/v)e] M &2 E3sh
A& AR o539 f42 0.7 mL/mino & A4 s}
R AYe] 2L 70°CE FASReH, 28 A&7
(SPD-20A, Shimadzu, Japan)E ©]-&3lith FPd o=z &
== 2-MBQSF  2,6-DMBQ(TCI

o, FlO

Chemicals, Tokyo,

Japan)& AT EZE AE-3ATH

2-MBQ ¥ 2,6-DMBQ &4 &4

LC/MS(liquid chromatography-mass spectrometry) 292
Thermo Finnigan TSQ Quantum Ultra(Thermo Fisher
Scientific, Waltham, MA, USA)S ©|&3}o] A A5t}
ZAHL hydrosphere C18(150x2.0 mm, YMC Co., Kyoto,
Japan)S A3 AL o] 54O 2 1 mMY] formic acidE $F
3= 24%(v/v) methanol2 0.2 mL/ming] §&o02 44
313 20 uLe] A B S F9slch A& S 9% MS B4 %
712 2 ESl(electrospray ionization) ©]-=3} &2 A}8-3}
%

S

EE 542 39 o4 vtEsIg o Ao A 4
< Sigma Plot(SPSS Inc., Chlcago, IL, USA)S o] &3}
Pz} T2 oxE kgt

nE

T
M|Z2| B-glucosidase &4
2% 37N 59} Lactobacillus B4k 57 &5l W3k
o] A9 B-gluc0s1dase BAEAEES ST & ATl
AMEE 85 HJ5 F-&-0] 0.01 unit/mg protein ©]3+<]
8 B-glucosidase Ei%’f*é S YePl e Pichia anomala
o} P pijperi #+57% ZH2F 0.01940.002, 0.02 +0.002 unit/mg
protein® 2 T}2 § & 59 H|wdle] oz =2 a4
44 JERASITHFig. 2A). Lactobacillus 57V T4 FollX+<=
Lb. zeae®] M 3E2] B-glucosidase & AE4J ] 0.018+0.001 unit/
mg protein® & THE o] Hlal FF o= EA vrelyt
THFig. 2B). 2434 S 55t XAAHH P pijperi 2
Lb. zeae 45 E HEulo} LEE T 2-MBQ ¥ 26-
DMBQ A4HS f8te] ARl & AFelA] ARE-gE
F o]9le] Bt} B #FE YASE B-glucosidase TS
EL/\H 0}1 o]E_ o]%a—].oq 2-MBQ ol 2 -DMBQE xg}\].b—]_
= A7t E8E o2 Atsd

2-MBQ2} 2,6-DMBQ2| Mz, KA 24
FFEH 2-MBQ9} 2,6-DMBQE HPLCE ©] &3t

WA A FRE AT A2t 681 B TotelRon
2073} ERE 247 BEoE Wijols wANS v}
Qavash £RE BA9] AHgstel Wlors 670 5
WEHS 9 AR S 2MBQ ¥ 26DMBQE] FFS
4G A%, BFEAD AT 0 A7eIA 927}
AgsAgonriy 3, ol BEEE LOMSS oI35
%@ FUG W TE AN B

ot r°1'

168.9(2,6-DMBQ) ¥ = }
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o wEE
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391519 thFig. 4).

z2et Hikds O|Esh dior 2=
23la] WuolE 36A)7F 2 484 7F

o)o
1—6}}]\-

3% 2-MBQ= 79| A/do] A
2,6-DMBQE= &g A & 36417+ 484 7k0]
Z+2F 0.0240.01 2 0.0240.001 mg/ge] F=2 A=l &
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E3lo] 2-MBQ % 2,6-DMBQ7}

Aufol25E] 2-Methoxy-1,4-benzoquinone (2-MBQ) 2 2,6-Dimethoxy-1,4-benzoquinone (2,6-DMBQ)2] AJ4F

L L L
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Extracellular p-glucosidase activity (unit/mg protein)

Fig. 2. Extracellular B-glucosidase activity of yeast (A) and lactic acid bacteria (B) used in this study. Averages and standard errors
from five independent experiments were determined and shown.

2,6-DMBQ A 2] zjo]= =2 2 TH(Table 1).

e, AAA9l b, zeae 455 GEOE ARESE A9
= g A 7ro] 36X 7k 484 7ke] A I T 2-MBQ %
7F 0.2140.02 mg/goll Al 0.28+40.06 mg/g S 2 7153 o
g A 7ke] Aol wE 2,6-DMBQ A FHS & xo]=
Holz] AUA T R E THO 2 ARSI 7 -2} v
2,6-DMBQ2]| A/d#o] 12v) A= S7H #s Yepf A
T3 gRE WdE0 7 ALE3le] wgdlt A= 2- MBQ7}

Aol AAEFA FUAIRE LA Lb. zeaeE AHE-F 7

AE
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E
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—
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S
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=
-
1.0010° |- J L
0.0 L JK 1 1
0 2 4 [ 8 10
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Fig. 3. HPLC chromatograms for mixture of commercially
available 2-MBQ and 2,6-DMBQ (A), sample from wheat germ
fermentation by P pijperi (B), sample from wheat germ
fermentation by Lb. zeae (C), and sample from wheat germ
fermentation by mixed culture of P. pijperi and Lb. zeae (D).

£ 28 48747 Fol 2-MBQ7} 0.2840.06 mg/g F== A
AE AL Fakgo] B {31 e B-glucosidase T AT
o] Wujol2 K¢ HluFA|l 2,6-DMBQ ¥ 2-MBQE A
retedl 8% 93-S a7] Wil AR FA A
L S w 252 P pijperict
B2 Lb. zeaew W5 F52] B-glucosidase &3S
UERIGA S s A Fele] 2-MBQ 2 2,6-DMBQe]
3 g4 FHYEE 2ol HY o7 FHEo| FI1HF
Al A7 Hash Ao g AlgHr),

aRe} HAitE FAl ARE-ste] Wajol 2 RE 2-MBQ
4 2,6-DMBQE A2tsle A& Mt TasiA
% 36A17k0] A3 F 2,6-DMBQY A HS aw o
Lokt 747 50 2 ARE-SE Z9-9F vl wste] o3l
2}o] 2 YERA] AT 2-MBQ2| FE=E Z4kTel Lb.
zeaes AHESt A9-9F vt oF 85% Hx= S Uhgh
0.39+0.06 mg/gS YERAATE S FF JJA] F 48A]710]
7Z33HH 2-MBQ2] AT B F7tsked 0.46+0.07 mg/
gl °|2F Y, ol FUI LA ity kTS
ARESH Aol Hlaste] 2-MBQ2| A el 64% S
Azfoltt, o|H st ARE AR AR ZAHS TAll
AHE SR Aol 7t dFE D502 ARESE A3 vlws)
o] 2-MBQE AAitsl=t Fsaxrt des & & U
a3y 2,6-DMBQ2] A2 Rl A
T ZAFS dEoF ARES Ao} v
zpol & VRN A] ettt
BERE WA o7 Akt folg Y RS viEst

o2 UeA O™ (Gobbetti et al., 1994), 543 &

2 FEAge olal] Rikte] P8-S Al

4 7 Uute A7 A3 g vk AokArfi et al,
2004; Liu & Tsao, 2009). =3+ SR E FArka3 FA
WS wl, Akl W A Aol 9d v AEY
o] f714kS thAtsle axl 98 e & dne o
T A3% B I EAKRekha & Vijayalakshmi, 2010).
ATANNE FHGH Lb. zeae2] A0l P pijperist
Fa g oJs|A FAEHA A B 2-MBQS}
2,6-DMBQ®| 71 A& 72 Ao F5dt

o oF
i) =

B A7 A= A2 B-glucosidaseE A= &5 37
N FF} Lactobacillus B3t 57 45 FollA] A9
B-glucosidase & Agdo]l 73 Lactobacillus zeaeSt
Pichia pijperi< A&3t93L, 2-MBQ9} 2,6-DMBQ A4He
913k "o} g o] AEFE|E AMREIATE P pijperi TF
The o] &3] duljolE La s ¢ 2-MBQE AL A4
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(A) 16 2,6-DMBQ "
=|’1UU 5 2-MBQ501 6.52E6
£ 80 253 326 333 436 e
2.1 ; 33 4, 6.62
§ |04 _ 6 530 597 662 684 846 8.76 8.93 0 40.00)
5 60 Ms S_07
<
g 40
3 20
o
0 3.30 INL:
(B) 100 MBQ 164E5
. miz=
g 80— 435 138.39-138.39
- y F:+cQIMS |
é 60— 116 356 459 130.00-180.00]
< 40 016 176 224 254 S50 607 667 679 788 873 9.14 9045
= | :
= 20
o
0 .
5.01 NL:
(C)S 100 2,6-DMBQ 9.15E5
miz=
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k] F:+cQiMS|
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= MS S 07
@ 40
- 20 2.80
¢ | 043 116 190 256 357 379

o

0 1 2 3 4
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Fig. 4. Total ion chromatograms of mixture of pure 2-MBQ and 2,6-DMBQ (A), 2-MBQ (B), and 2,6-DMBQ (C) in fermented with

mixed culture of Lb. zeae and P. pijperi for 36 hr.

Table 1. Contents of 2-MBQ and 2,6-DMBQ in fermented
wheat germ by pure or mixed culture fermentations of Lb. zeae
and P, pijperi

Culture Fermentation 2-MBQ 2,6-DMBQ
time (hr) (mg/g) (mg/g)
] 36 ND* ND*
48 ND#* ND*
P oiiveri 36 ND* 0.02+0.01
- PP 48 ND* 0.02+0.001
36 02140.02  0.26+0.01
Lb. zeae
48 028+0.06  0.25+0.01
0 ND* ND'
b ip 12 ND* 0.04320.01
- zeae T L 24 0.3340.01 0.25 +0.01
pijperi
36 0.3940.06 026 +0.01
48 0.46+0.07 029 +0.02
“Not detected

A ko, 26-DMBQE W& /A T 3677+ 484
7ro]l 733 5 z+zt 0.0240.01 mg/g 2 0.0240.001 mg/g
9 B2 AA LN Lb. zeae dFIE o]-835Fo] Hrfjo}
= 9rgsl A4S0 BENA T 3647 4847k A}
gk & 2-MBQ+ 0.2140.02 mg/gell A 0.28+0.06 mg/g &2
S7Feklal 2,6-DMBQ A/ 72| #2149l ztol= A3t
ARG BAES A ALgste] WiolE WANL o]
= @3 JIA] F 36A|7ke] A & 2,6-DMBQE] A
S R 9 g G502 ARG Ao vt f

N
-
o

-
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