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Abstract

BACKGROUND: Polychlorinated biphenyls (PCBs) are
one of the most common environmental contaminants.
Because of their recalcitrant properties and long-term
toxicity, numerous studies have been performed. The
toxicological concerns are focused on endocrinological
effects of animal. Several different metabolites have been
reported, including hydroxy PCBs, PCB quinones, and
methylsulfonyl PCBs from animal tissues. However,
details in plants have never been studied. It is well-known
that plants can produce phytoalexin in response to chemical,
physical, or pathological stress.

METHODS AND RESULTS: In this study, the several
PCBs and hydroxy derivatives were prepared by
chemical syntheses. Their effects on secondary metabolite
biosynthesis were determined in carrot roots. The levels of
6-methoxymellein were determined in several different
treatments, using gas chromatography-mass spectrometry.
In general, the concentration of 6-methoxymellein
reached a maximum at 2 days and gradually decreased to
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trace level at 5 days in control experiments. However,
the effects of PCBs or hydroxy derivatives were highly
dependent on compounds. For example, the maximum
concentrations of 6-methoxymellein were observed at 3
days for 2-hydroxy/4-hydroxybiphenyl, while 3,3',4,4',5-
pentachlorobiphenyl and 3,5-dichloro-2-hydroxybiphenyl
showed a rapid accumulation within 1 day, followed by
rapid dissipation to undetectable levels.

CONCLUSION: Biphenyl derivatives were effective
elicitor of 6-methoxymellein accumulation. In general,
hydroxybiphenyls (phenols) more efficiently induced
phytoalexin biosynthesis than those without hydroxy
groups. It can be concluded that PCBs or their possible
metabolites could change the plant secondary metabolism.

Key words: Biosynthesis, Elicitor, Phenol, Phytoalexin,
Polychlorinated biphenyl, 6-methoxymellein
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Fig. 1. Bioactive natural products from carrot (Daucus carrota), flavonoids (A), polyacetylenes (B), and isocoumarins (C).
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AT WA kst FHo R £ oF 5o #F
3 AslAlEA Zgoks - AxAls THe] g4 A
g A<l 5-alkylresorcinol®] AAgHd& Fxlsh= Zo=
uFsI5itiMagnucka et al, 2014). WHA glyphosate 2
alachlor 52 7%, 4% 2= flavonoid 433l ot
7t Adlavs YehStLydon and Duke, 1989). g
A AE2 3 AEYA QRlo| tiste] teket AsketA vt
o= Heh= dl, A S =8, ot diakee] A
Aol &= vAle Zo® 494 SitiAkula and
Ravishankar, 2011). 2= 9 SAAE A ko]
systemic acquired resistance(SAR)E A7 == Holvkg-
= Yo7l d, olg #e NS =4 Euloht
salicylates8] WA=4% #oi3h, acibenzolar 2] ¥4
T SARS o] &éte] A& Wall A S STATIE A
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A 49 FHo|tHAhuja ef al, 2012). o] ELHAI9
AIE FEshs 2912 W nAE EE & 1AE
o] WHsh= thdF 5o EFE of} A}9) A, VIAA &
4, 7he w8 8919 A Fuse EFE vk el e

T2 Al Al i LA AEEA B-carotene,
lutein -svitamin®| o] thefst A& S Ad Ao
2 BaEo] QI Zaini et al, 2012). 3HH @Zoll= 1 9
|| %= polyacetylenes, flavonoids, % isocoumarins & T+

Sk olalthabiHEo] EASITHFig. 1). 6-Methoxymellein
(EMM)> Ftelld s = t34] so]edelowa
o A9, TS W g 5, 3ker Aol oJste] ol
Q%= o7 d#A QthKurosaki and Nishi, 1983;
Kurosaki, 1994). 6MM-<> Botrytis cinerea 3 Alternaria
alternatas =847 Zate] 75k A A G35 ek
thal ®aslo] 9t} (Kurosaki and Nishi, 1983). 3HA
6MM< H]ESH I 5 isocoumarinAl 4 7st &0k
AYaL glo, I 7k the Aelishs e/l R A
stobar 44 St (Czepa and  Hofmann, 2003). 6MM
o] FAS fridhs 3 edow FES(HgCL)H
ethyleneo| Rl v} 9lov}, AA) A o] Exjsh=
ket A 18Rkl et A FAskth o)g
shle2 AeEa A AForA g 45 A4
shs @Rlow A88 Stk

Polychlorinated biphenyls(PCBs)= thst $H4ol| i
Foh= gAY e9EdEA 54 9 3 5 s
of thate] el A7k o] FoA It &lld EATY &
3 & dAFY 22= dehalogenation, hydroxylation, %
methylsulfonyls} o] Hiso] QItHGrimm et al,
2015). dUHHA o= 7840 & PCBs? A& tAR= H]
A ehigt Zlow kA Qlou, 109159 AES o83 A
Tofl w=H, tefst PCB congeners°] FE hydroxy
PCB % wdAz A2kt Wilken et al, 1995). PCBs
o} AR Eejsketd e Ad, BEds d@dlea
(polycyclic aromatic hydrocarbons, PAHs)+= H]5:38h o
ARE ARE Ro® A QtHGao et al, 2013). 7
71€] 9179} wwalo], PCBs¢l hydroxy PCB 52 thilE:
o] A&e] tiatatge] mAlE Gl thet A= 3 vt
SItk

= ArelMe He T, A 7hedol AHeH
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Fig. 2. Syntheses of PCB-126 (A) and 20H-PCB-14 (B).
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hydroxybiphenyl (4OH-BP) %% Alfa Aesar Korea
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20 cm)ell &30 F, 12413 9] sxdste] e A7 sko]
shekE A discE AL GC-MSE o] 83 &4 4

[‘—>4J—'4
m{m
oy
N
o
?
]
()
)

—~

m{n I
X o ox o

CH,CI, HO O
cl cl

20H-PCB-14

o, /P8 discol e SgE thef 93-107 ug o=yt
ST} Petridisholl (40 mL)S 718 ths, A7] @
discE 7l petridish & 107 2] 718k, incubator®
ol gste, 4z, 27 CelA s 43k

Biphenyl SEX| 2444
AE(FE, 10 g)= 338t0], acetone(100 mL)2+ IN

22 mL)& 7}ste] Waring blenderg ©]-8-35t] 3—5
7+ ukl8k T2 sonicatorE ©]g3to 6087F &L} =

%‘U;_F_% Eay °L°4er = Eoéﬁ} x4 oﬂ’ﬂ FE3to] o
o
(100 mL)E 7Fste] il A
WoR FEste] 7] 8%
de ths, Na2504i Azl ZskatellA &l
|4k ZHAR= dichloromethane(10 mL)el #8335k
0% biphenyl % PCB-1262] 7Z-f, ol#fl9} 22 column
chromatography & 3sISith 4718 &5 25 24t
silica gel column(column &FelAF-E silica gel, 0.1 g,
5% iksilica gel, 0.9 g, % 7+ NaySOs, 0.1 g)oﬂ 75t
o] £%3 U3, dichloromethane(5 mL)S F7}5k¢]
biphenyl ¥ PCB-1262 &Z3l3ith §&23S 79t A1
3}al  dichloromethane(250 uL)el £3dt ©h%, gas
chromatography-mass spectrometry(GC-MS)ell )&t
o] A% ¥4& Ttk
$FH hydroxybiphenyl#(20H-BP, 4OH-BP 4 20H-

PCB-14)8 7%, 4719 FE9& silica gel column
chromatography & ofefj} 7Fo] AstSirh. 512 silica
gel(10 g)oll 7}skil, hexane(100 mL), ethyl acetate-
hexane %E}O—H( % 9 20% ethyl acetate-hexane, Z} 200
mL)Z &Z33Ith 20% ethyl acetate-hexane §&H4& 7+
o, A3l 2= ethyl acetatedl]l &-3late] ofje} 2
°] trimethylsily(TMS) 2485 AAISHITE 2719 7t
£ ethyl acetate(EA, 700 uL)°ll £3% th%, BSTFA-

(
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Table 1. Concentrations of biphenyls in carrot

Concentration in carrot (mg/kg)

Days of incubation

BP 20H-BP 40OH-BP 20H-PCB-14 PCB-126
0 ND* ND ND ND ND
1 0.0120.00 0.0120.01 0.02+0.03 0.0120.01 ND
2 0.02+0.01 0.02+0.01 0.04+0.02 0.03+0.01 0.01+0.01
3 0.06+0.02 0.04+0.01 0.05+0.01 0.06+0.01 0.02+0.01
5 0.08+0.02 0.07+0.03 0.06+0.03 0.04+0.02 0.02+0.01
Carrot* 2.31+0.59 2.11+0.89 1.81+0.90 1.20+0.61 1.21+0.62
Disc® 92.31+2.35 104.52+3.74 102.90+2.11 93.24+2.69 101.71+1.65
Ratio® 2.60 2.01 1.74 1.28 0.59

Total amount of biphenyls in carrots in petridish after 5 days (ug/all carrots in each petridish)
® Total amount of treated chemicals in filter paper, after 5 days (ug /disc)
¢ Percent ratio of the amounts between carrot and filter paper disc after 5 days (percent ratio = 100 amount in carrot

/ amount in disc)

d ND, not detected; average values of 3 replicates + standard deviation

TMCS(200 uL)%} pyridine(100 pL)E 71514, 40C ol 2
AZFEQE WHE F, GC-MSell F4J38te] w418 Faysiqich
AR S5ES 3719 Wl whet gtell w4 didE
A9 F=7401 2 0.5 ppm©] HES ﬂﬂo}O% TRk

Fs AL ST 9 SEE AY] o= acetone
(300 mL)& 7K ¥, wiHskar 3¢k oHelon,
SUsHA 23] Aet kS, o g sk uskGith e
ethyl acetate(10 mL)°ll &3l Th, A%H200 pL)E w5
ato] 71 TMS FEA1skE AA8te] GC-MS w415
koAt

6—Methoxymellein(6—MM) EAitH

N petridish 5] F<-> Waring blender® v} <,
AT g)= EF 3, 70% methanol(50 mL)$H IN Ak
8995 mL)< 7Feto] Waring blenderg ©]-8-510] 3—r7¥
U]'Jﬂﬂ ths, sonicatorg ©|83to] 607t FEFTh
B8 7otola) 3, S B 271e)A FE8to] OM‘%

Fafalnt. s 78, 3l ¥, FWALE ethyl acetate(EA,

_l_/

100 mL)oll A-&3lskar E3}4A45100 mL)E 7o) ol
= ANt S99 S 23] HEEsle] dojzl EA FE9
—% —r—r NaSO,= Axst "4”%, %‘UHE ]71 O]'—]—’— 2]'/‘]’_‘

EA(700 uL)ol Agsfstol, A7) TMS FEA15HE AA8laL
GC-MSZ w45 st
BM7(7] Y 2MxA
Biphenyl ¥ %4 #4]2 Shimadzu GC-2010/SE
GC-MSZ 3513 01, Restek 2] Rix-5MS(30 m, 0.25
mm id., 0.25 um film thickness) column= ARE-5FS3tt
Column &%=x7e %7]2% 170CE 1023t #4 F,
2C/EE 5&38ko] 290 CollA] 20-21F F4138+312.H, injector
L= 250C, 2L 275CE AAEL

helium carrier gas 1 mL/ 2% 433t} Biphenyl

e

interface

9 FEAY Y4 42 total ion chromatogram(m,/z
50-500)0ll4 AAlsldon, HF EAHL selected ion
monitoring(SIM) mode® F33I3lth. SIM 4+ 918
A%/(84) ion®EE, BP, m/z 154 4 PCB-126,
326/(254/324)5 73131 o, TMS f5=AskE 20H-BP
2 4OH-BP, 227(242), 20H-PCB-14, 295(310)2 o|-&3a}
Atk TIC % SIM 24 A Algs 2 uLs FYskalth
6-MM 3! ¥ oAbl A2 U FellA AAfstd,
SIM #4¢] A, TMS FEAZEA] & 6-MM #4 A
A/ (797) ionC E= 208(164), FiEASE A5 - 265
(219/237)& A7sksich
Zo o
22 & Biphenyls?| sk

o151 %245 biphenyl W F5A419] A2hol mhe
o7 Fr-olde AR 2 ATt
hydroxybiphenyl %2412 24 ] 282 75-85%,
FHAH £10%300k #8 27] AT A3, o354 T
AShe AR o] 9 Ewle] BejHow Pay
= Aol AE], B AFoMi= vl A AlEE acetone
Llo]] 2027t FA|sle] T B2 0 AES A AT &, A
=
3

rHJ kel ofN i

24 U2 ol B9 biphenylA] 2] A #4844
ik A% 24 F oo9ze wrE A 5 vad
st S7rei o, 59U 733t $, w2k 0.02-0.08 mg/kg
07 FHAESKTable 1). L9EAY 445 71 5
gl o] ThFRk alell 9fsto] Wk H|, AW oR &
2ol FEalE B logP w20 Wl AlTel st v
el Zlo] 2ef#] SltiSabjic and Nakagawa 2014).
2 Arelde LAEdE ool F3% v, oTr—)Fg
7hetaL BitE ALslglor®, ok e MY F
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Fig. 3. GC-MS TIC chromatograms of semi-purified 6-methoxymellein (6-MM, A) and trimethylsilyl derivative of 6-MM
(B) and mass spectra of 6-MM (C), and 6-MM TMS derivative (D).

7F oS AR ARREHT EAAT v
suite(ver. 4.1, US EPA)Z #AAFet A3}, BP, 20H-BP,
40H-BP, 20H-PCB-14 4 PCB-126°] logPi= 77} 3.76,
3.28, 3.20, 457 ¥ 6.98% <I5Ht dd B2 &3
%+ BP, 20H-BP, 40H-BP, 20H-PCB-14 4 PCB-126
Soll tiste] 72} 27, 535, 430, 13 2 0.01 mg/LE AAHE
ek
A2l F 54 Ay Az w4 Ay, 20H-PCB-14 ¥
PCB-126 59 #84 =29 @209 o3 ufs A
stAo|glom, o 2A] Az 0.59-1.28%7F FEOZ o]
ek 3 g4 nud w& gE EHo A¢
1.74-2.6%2] ol&=S Uepsltt 4719 AxE S
187 e A9 TEA O Qleto] AERS] o]
Pt @ Aoz ARAE 4 ek
6—Methoxymellein
70% methanol®]
=% 43, vl
a8 2 FEEE
At 24
1983). ©]2} o] HAE 6-MMS] mass spectrum-> =&

ox By vkel YAEk3ITHFig. 3) (De Girolamo ef al,
2004). 71 Al wEH G2 T, 6MME] R dnk

o= wlg vy defA] SItHGirolamo ef al, 2004). $HH
6-MM &3} o] hydroxy groupo] %3 =49 4,
GC-MS &4 A W B Ad Ao] ehajfich &5 5
dFe 6-MM2| TMS 52413} -2 GC-MS 43+ Fig.
3] Yehigich ol wW2Zw TMS fF=Adkd 6-MM
6-MM 3} Hlwate] ok 8ulf 9]9] o BAEE HolF
om, TMSHEAS Al HAE%E 20 ngol3ith
3 7)E Qo] mEr 6-MMS B ES thefdt A8
g EGHAS f§71/77] H4EA 9 BT A=l
HEg-ste] nlwA ©r)gke) ko] FUHE Mol 53] W
el Ao A, aR-slel AuAel w5 vEeRd
Ui sF3tHJeandet et al, 2014). ©]¢} 2 e £ A
T2 6-MMOME FdeHAl #Eo], &40 Sl uket
A § 2-39 Aol HriA9] 6-MMe| 55
& 4= QUSITHFig. 4, 5). YRHHOE mo|ELEA AT
chekst Wyt T Wdd FUEL oJste] FXHE A
o7 dHA & dl, HLF AEHY glucan THA 59
of|7} 31t Schmidt and Ebel, 1986). 3H trifluralin 52
dinitroanilineZ] AZAIE ©]&st AFolA Grinstein &
& EnpEs) 79 AS- AlZzAlel] oJsle] fEH gjo|E
Aol oJsto] Verticiliume VI5E 4% Ao 199
A&E B8l tHGrinstein et al, 1984). ©]¢} o] I}
olEdHN FEaIE YEhle E4(elicitor) 2 st
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Fig. 4. Overlayed MIC chromatograms of extracts of carrots, treated with 2-hydroxybiphenyl and incubated for different
period (from bottom to top, 1, 3, and 5 days). (*) for 6-methoxymellein.

6-Methoxymellein (mg/kg)

Days of incubation

Fig. 5. Concentration of 6-methoxymellein (6-MM) in
carrot, treated with distilled water control (filled circle),
BP (blank circle), 20H-BP (filled triangle), 4OH-BP
(blank triangle), 20OH-PCB-14 (filled square), and
PCB-126 (blank square).

glucan, 5°F 4 S5 7719 5] vk 19y 84 o4
EAZA vy PHYSA BaEa = dioxin Y
PAHs 59 3t 4= 219 8Py} givk g2 48S o]
£33+ 2 o 43}, 20H-PCB-14= 7V 78 6-MM 1=
295 YeRo] AY ¥ 3Y AR 6MM §%s 2.27
mg/kgO 2 FU A719 tizTol nlste] 4u) o]de] F3
H-E-S YeERYIcE 39 20H-BP 9 40H-BP2] 7ol %=
&7 E= hydroxy group®| 1= BP % PCB-1263} H]
wate] o] 6-MMo| A E A& & 5 AU thFig. 5).
ool A¥E T8, hydroxy groupe HArsh Wik
4 (phenols)> YWH]<] biphenyl ¥ PCB59] W= <
A=A vlaste] A=2] Aprolo] ddE o)x}b A
S F8F0RE fusle= Aow AlgHr)

2 o

Polychlorinated biphenyl:> %773 373 QA=A ZA,
ol Al] 54 ulel Aol et ARA A7 S
gtk @ EAE5ES dom WyE el
hydroxy PCBs, PCB quinones, % methylsulfonyl PCBs

e o
o &

e veRdti BuEgieh ey ojg) e F
AT-el mlwsted, w9 B vzl tiE 9F, 54 S
of thet Ay wl-¢ Aotk AntHow Ao A,
FF 5 22 oY =4 e A, e 59 9
EYAge] 8-S WAEE, So] AEdAS Ad IF
A 5 o) gk AR sk Aol delA Sl

1 AFellAE = <] PCB 9 hydroxy PCB, phenol
T o= P oR Mkl o5 A wE B T,
o] BRI 6-mlEAEH R A MRl FEFE A
E3lty TR A tixqe] A, delEdEill
st 2] 5 290 AhrbA 2710, ol 444
o7 ZhAisdct e 2-hydroxy/ 4—hydr0xybipheny19]
B, Ael 5 37 Sisk Wb, wlwA 28] #2
PCB-126 ¥ 3,5-dichloro-2-hydroxybiphenyl *|2]7-oi|4]
= A 1d 7, HoAE veo] skl 7 x e Al
A Tl weh v FEadE Yehigith o] Aate] ut
e}, 33 edEde] Al wel, B T, A saEe] A
2 DA 27 rkEde] Aol veketAl Wakds &
31t

=
i
=
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