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Abstract

Abstracts From the previous metabolic study of Pentachlorophenol(PCP), PCP was found to be
exclusively transformed into B-glucose conjugates of PCP in soybean and rice cell suspension
cultures. In order to gather structural information of of the glucose conjugate, their aglycons and
glycon have been analyzed by GC and GC/MS respectively, after thorough purification by
chromatographic techniques.

The glucose conjugates were effectively purified through a 1-butanol extraction followed by
Silica gel TLC, Sephadex column chromatography and HPLC. Aglycons of the metabolites were
identified as PCP, isomeric mixture of tetrachlorophenol, and tetrachlorocatechol and glycon were
identified as glucose, suggesting that there are at least three kinds of glucose conjugates with
different phenclic moieties. Under controlled conditions, the glucose conjugates were separated
into three HPLC peaks which released respective aglycon upon a hydrolytic treatment. These
results give valuable information on the structure of the glucose conjugates such that some PCP-
driven chlorophenols, in addition to PCP, are also conjugated with glucose.
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1. H¥E A W

g 9 BAE FIAEZE Amberlite XAD-2
(Rohm and Haas)Ql- Sephadex LH-20 (Pharmacia
Chemicals), Florisil(Floridin}&, TLC¥ Merkiit$]
Silicagel HF254 TLC plate(precoated, 250u thick)
9} Silicagel HF254 PTLC plate(precoated, 2mm
thick)E, #HEF2 methyl{tE p-toluenesulfonyl-
methyl nitrosoamide(Aldrich)E A}g8lgo0, o9
o FZ, HA Svist HPWGN AR Ak
Auel 2 r)g} FHEEHEZ ALEF 2,356 tet-
rachloroanisole (TeCA, 98%), 2,3,4,5-TeCA(98%),
Tetrachlorocatechol(98%), 2,3 ,4-trichlorophenol
(TCP, 99%), 2,4,6-TCP(99%), 2,3,6 -TCP(99%), 24,
5-TCP(99%), 2,3,5-TCP(99%)5 - Aldrichitoll A, 2,
3,4,6-tetrachlorophenol(TeCP)= 4 57 slAdmtol
A Az T4

9994 A= Berthold Model BF-220-23
TLC scanner$}t Beckman Model LS100C LSC<Z,
glucose conjugates® 284 HPLCE Pye Unicam
Model 4000, aglycon¥42 Hewlett Packard
Model 5890-%, glycon®4 2 HP5971A MSAHZ7)7}
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Etherol £3]A171 p-toluenesulfonylmethylnitro-
soamideE ethanolic KOH& 94 #HTFAI71L olm)
LA = diazomethaneS ol &3l PCPsE me-
thylgtA Aok dg{kd PCPsel GC/MS spectra®
e PCPs7} methyl3=31((M-CH,;]*, #=adE
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intensityg £ AT & Ak
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pyridine®} sodium acetate® 2z}z} Zmjz 3o
glucose$} acetic anhydride® Whg-AlH o=
dlem, mannose, arabinose, fructose™ galac-
tosew FElvialel A acetic anhydride/pyridine(9: 1,
v/vygk WZA)7]n TLCZ AHA3te 1 anomeric

mixture® FFEFCE s
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ok ¥4 % PCPY s=7} 1.0ppm, AL 2.0
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1. Glucose conjugates

C-14 PCPE 48717 AT thf cell& 834
400ml9] chloroform/methanol/water (9.6 : 19.2 :73.
8, v/v)&4& 718} #EAF| L, waring blendor®
5%, 2 REH72 108 F 23 9% FEs9n.
BI718 Xzl S 200ml2 531 e %9 dich-
loromethane 2 2 23] Ru3lc}. &89 Z9| pH
& 3022 A% t}-& ethyl acetate 300ml¥ 23],
1-butanol 200ml¥ 23 AL F &3k ZF 329

o] WAtz E ¥ ¥ chromatography &+ Fig. 1%
dg=
Wiater saluble Friaction
1513, 3061
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Fig. 1. Extraction and isolation of the major
water soluble metabolites of PCP.
Numbers in brackets indicate percent
radioactivity recovered from soybean
(the first number) and rice(the second
number) cell suspension cultures.

2. Glucose conjugate®| chromatography

XAD-2 column(2.2 X 45 cm)ol 1-butanol F#&&
€ 5o stz B9 50mle] £E2 FHSF
400m!¢} methanol 600mlE |<% £&35t9th XAD-
29 methanol &&A3 P Foo AL ethyla-
cetate FZNE 339 %3 t}2 Sephadex LH-
20 column(1.2 X 95cm)oll A, 2R o7lM A&
crude glucose conjugates& Sephadex LH-20 co-
lumn (1.2 X 195cm)ollX] A& AA Ak oldf
TLC® LSCE ol &3ld £&RHE HJ&3h

23] Sephadex LH-20 chromatography3} glucose
conjugate(s) £8-& PTLCE Ao} ConjugatesZ &
A" 2L =ol HPLC{(®"A : methanol/0.5M
acetic acid, 6:4; column: Lichrosorb/gpis, 10um
(25cm ~ 4.6mm id)} Fch FLF B WA
sol #&=He Aoz #¥AdE HPLC ¥¥RT; 14
16 min)ell 2~3¥] Fo FFHSFE F7IsI9 o Me-
thanol2 ZA¢EH3t3, YA RFEL FEAR

sla] AAE F A TLCEF A& glucose conju-

F
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gate(s) ¥4 &0z Yot W FeARHR F=)
Nx F&3 glucose conjugatest FYEXTLCYH O
2 REAAEY B ALgagch

3 Glucose conjugates M

{1) Aglycons

#HZF AT glucose conjugates 1~2%+ dpm&
Ha Axrt2=E olgdtd fujE AAAIL so-
dium acetate buffersl ZA% B-glucosidase(lmg/
ml) 500W& ~}eti, 28ColA 12A2F Mz sty h
¥hgol B¢ g 25009 &S HrIER 500u/<
diethylether2 33] %&3l9r}. Ether &9 %
diE TLC(E ™A : n-hexane/diethylether/formic
acid, 70:30 : H)E aglyconS FAlslL, YHAl= E
Z PCPs¢} 28 Wi ez methyllt AFAh 423
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Fig. 2. Gas chromatograms of methylated
PCPs(A) and mehylated PCPs plus
TCC(B). Peak identification: (1) 2,4,6-
TCP, (2) 2,3,6-TCP, (3) 245-TCP, 4) 2,3,
4-TCP, (5) 2,34-TCP, (6) 2,34,6-TeCP+2,
3,56-TeCP, (7) 2,34,5-TeCP, (8) TCC, and
(9) PCP. Chromatographic conditions: co-
lumn, 25mX0.2mm id HP-1, 0.33um film
thickness; temperature programming(C),
hold at 140~ for 2min, rate, 2C.” min(140
~ to 170°), hold at 170~ for 5 min; inje-
ctor, split mode(50 : 1).

A& column(1.0 X 15cm)oll 4 3HA1Z] Florisil
1.2g& A3 2% petroleum etherdl] #8421
methyl{t aglycons& 7}t &2l Y(diethyl ether/
petroleum ether, 6:94) 10mlZ £Z&A#A ECD7}
& GLCz #43igth GC/MS= 7zt 8
g methylit PCPs EFE49 RTFig 2)9 v

3t glucose conjugates®} aglyconsS H43}th

(2) Carbohydrate moiety 447

Glucose conjugate(s)E 2N HCIZ 7}¢Ea|A17]
F FEAALYS wiERRs S 43 b
Ho 2 acetyllk AlATh ¥4 ulE ALIIAE o]
£33l AAsID F2 LEHS chloroforme] A
£33 ¥ FFHFTE 23 Ao FUY FFE &
E-& HPLC{&"}A : n-hexane/isopropanol, 95:5;
column: Lichrosorb/s, 10um(25cm X 4.6mm id);

4% 19ml/min}2 AA A}t Carbohydrate
moiety ¥EQRT; 7—13 min)g FID7} %=
GLCZ EA &AL GC/MSE 72F sk

{3) Glucose conjugates® HPLC

718 glucose conjugateE L7 Y3 Lichrosorb/
re1s,  10pm(25cm X 4.6mm id), uBondapak/cis, 10
pum(30cm X 4.6mm id), BakerBond/cis, 5um(25cm
X 46mm id), ¥ Zorbax/ops, 5um(25cm X 4.6mm
id) & ¥t column® o8} §ulAE ALgstA glu-
cose conjugates?] HPLC E# & A=3gch &3
dol WAbs 2ALZ #9®E 8% glucose conju-

gate?] aglycone (1)3} 22 #o=m B9}

III. & ¥ X
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g O 2 W cell Mty 58458
% l-butanol(water sat'd)5% %<& XAD-2 chroma-
tographyst= AL F&4g0] A BEES AA
sted P4de Aoz AL} Aolol conju-
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gate(s) ¥8& Sephadex LH-20 chromatography
(Fig. 3), preparative TLC % HPLC S22 Ril3}
Aot olz@ &, Ruyae #4A9 glucoside,
glucuronide 2 ¥ conjugatesP Aol ALg-5 &
W F A7ER)o]71= &A1t PCP glucose conjuga-
tes?] A= ol E&HA A FEYL & 5
A )

Lelative radionctivity

Fraction Number

Fig. 3. Partial purification of glucose conju-
gate(s) from soybean(——) and rice
(G ) cells on a Sephadex LH-20 co-
lumn. Arrow indicates glucose comju-
gate(s), as proved by TLC and HPLC.

Ll Aglycons? SX

A glucose conjugate(s)o} S oA 4 BES
glucose conjugate(s)E B-glucosidaseZ 71483 5}
o BujEulg AL aglyconse TLCE FWEsIAoH
(Fig. 4). PCPE ¥ &£ & t¥£9] aglyconse Rigkol
0591 JTHeslo] 7BE  aglycon EQle ojHx|uh
TCCE HIEF 2 /MY aglycono] &AFe & &
ARTE A aglycons #1817 980 methylitd
aglycons& AAM3t GLC3IATHFig 5). XZ me-
thylft® PCPs(Fig. 2 #1)9} RTE ¥28 Zu}
cell(Fig. 59 A)dlM+ PCP, Tetrachlorocatechol
(TCC), TeCP isomer, ¥ 4 TCP o], =3
(Fig. 591 B)9) A%+ 24,5 TCP, PCP, 24,6-TCP
% TCC 5ol el £38 glucose conjugates
9 aglycond & € & itk 2Pn g AS
TCCt B7l= A1 aglycond] £HE= w9} =}

A
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Fig. 4. TLC radiograms showing aglycons re-
leased from glucose conjugates by -
glucosidase treatment. Glucose conju-
gates weere isolated from soybean(A),
rice(B) cells and rice plants(C).

rosponze
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Fig. 5. Gas chromatograms showing aglycons
obtained through enzymic hydrolysis
and methylation of glucose conjugates
from rice cells(A) and rice plants(B).
See figure 2 for peak identification
and chromatographic conditions.

o7} Ak AA71AM Aol & AMHe TCC=E
g aglycono] TCC =M 278¢) hydroxyl# &
37 olnl methyllbEUE 7t5AS WG &
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side Holth ¥% PCPE B7)7t A o g
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421}, Schafer S ZAx, =
jugate®} ©]Z9 aglycondl TCC2) TLC A12L
1 W # AN 2% glucose conjugatest
methylft ¥ 2] 942 TCC% conjugation® #Hoz
FH A

o]2t Zo| glucose conjugates’} aglycono] ThE
dAREEZ RBESE & £ 9o o8 289
HPLC columng o]&3td 8 conjugated] H&l&
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Fig. 6. HPLC analysis of glucose conjugates
formed at early stage of metabolism
of PCP in rice cells. Chromatographic
conditions: BakerBond/Cs, Sum(25cm
X4.6mm id); solvent system, 0.5M
acetic acid, methanol(1/1); flow rate,
0.6ml/min. The conjugates were dete-
cted either by a LSC(A) or a UV de-
tector(B).

RT7} & 3709] peaksE& UV 2 & lo] il
ZAE A 4 %1213}(Fig 6) H e g ey &
2]% conjugatests A2 w23 Ba Hegs g g
T 3ol ZF BY(Fig. 69 a, b L ool st agly-
ong AP Ao} oy A& B 3 RT; 65~
678)9) aglycone TCCE, 28 ¢ RT; 76~77%)
B5E PCPUS 7zt #lstythFig. 7). 24
I 28 b (RT; 73~748)9] aglycon(s)= GLCo|A
2346-9 235,6-TeCPE Haislx Talo] 74y 3
V2 ZA3ARE TeCP isomers® Bkaby o),
ol’¢e] A glucose conjugates’t Betmo =
=FHHTY TeCPE PCPY 484 tiAlEE g
T EEERS U0 RS 4v)g u PCPA)
TEANAIER ’“‘*%51‘* ¥4 ustn pCP

(=]

Lo

response

Datector

o [ 2 18 0 & 2 18
wr{min)

Fig. 7. GLC peaks corresponding to TCC(ar-
row in A) and PCP(arrow in B) enxy-
matically relased from the fraction a
and the fraction ¢ shown in figure 6.
See figure 2 for chromatographic con-

ditions.

Ll Carbohydrate moiety RIE
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Glucose conjugatesE 7}



& F 33 o BESES PCP KBHEARHDY FE 43

MSE A48 #A& stAY, AFsd conjuga-
tes TZE NRPFL R FHse 7BARE A3
I JopP? B A A5 glucose conjugates?] gi-
yeon(carbohydrate moiety)e] 2<91& aglycons ¥4
o AHE-3F A3} EA3 glucose conjugatesES HCIZ
7t isfsta olul HEl® glycond acetyl{bd th
+ GLC% GC/MSZ zAMsYth o A% GLC #
Ao A= W9l glucose conjugates®] carbohydrate
moiety® E5 glucoseZ £ 1o (Fig. 8), o
7o A FYstAch ey B Qo) AR 3
g2 217} -9 B-forme 2 Ho] ¢l GLC &
Aol A arabinose® [RSI3lE RT7F fAMSHY
glucose ©]9)9] o] conjugation¥t-8-o o &h=x]
g 283 #odr) 9 E GLC ol9l9l gelol
Zastdrh
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Fig. 8. Acetylated glucose(A) and carbohyd-
rate moiety(B) obtained via acidic hy-
drolysis and acetylation of glucose
conjugates, as analyzed by using
GLC. Peak identification: (1) a-D-glu-
copyranose pentaacetate, (2) B-D-glucopy-
ranose pentaacetate.

GLCEA el A3t A} FdF peracetyl{b®
glycons GC/MSE #4139 tHFig. 9). GC/MSEH
ANA BEFEESQ acetyllt® glucose?l -8 B-forme
FE3hA] £ o) carbohydrate moiety® glucose
EEZ7) MS spectrume] X3ttt 2 mass fra-
gment pyranose ring®l 7§A I(m/e 242), acetyl
H(m/e 43)7} d&H o8 oA AR assign®
4 Atk Glucose conjugates® carbohydrate
moiety= mannose, fructose ¥ galactose 53 MS
spectra FollME A9 RAMSAAT 47 GLC 2
et 84 AZE] glucose2 BHHUOH glu-
cose® BRI OhE 93FE GLCY GC/MSHIA
TAEA ZE ZAeg Hol PCP2 conjugation %F
| #A3A ge Aoz AaHAC

Glucose= E%29] conjugatesol A 713 %3
A= gt Celloll A HEfLEEES UDPG2 A

H(availability)7} ¥, ¥ glycosyltransferase Thi-

Fig. 9. GC/MS spectra showing the practica-
lly identical fragment of acetylated
glucose(A) and acetylated carbohyd-
rate moiety(B) described in figure 8.
Chromatographic conditions: column,
10mX2.656mm id HP-1, 0.53um film thic-
kness; temperature programming(T), hold
at 100° for 5min, rate, 10C/min(100° to
200~), hold at 200° for 10min.



4 F=FAEEHA A15B A1E (1996)

Bo UDPGOl H& #HEMS Z17] g A4 W
oA <A 2] glucose conjugation ¥Hg-olA 1ik su-
gar source glucoseq! Re = HuFo] ck 1
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