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Abstract

Di(2-ethylhexyl)phthalate (DEHP) was isolated from a culture broth of Streptomyces
bangladeshensis strain NBRC 102113 and cultured cells of Amphidinium sp. to investigate if the isolated
DEHP was a natural product. These microorganisms have been reported to provide DEHP, which may be
produced by these microorganisms. The *C contents (pMC) of DEHP and a positive control (a mixture of
two fatty acids) purified from the ethanol extract of the dinoflagellate cells were 16.3 £ 0.1 and 85.7 £+ 0.3,
respectively, and DEHP and a mixture of two unsaturated fatty acids from the broth filtrate of S§.
bangladeshensis were 14.3 + 0.1 and 101.9 + 0.4, respectively. Consequently, the origin of DEHP isolated
from these microorganisms was an industrial product.

There were several reports that claimed DEHP was a microbial origin by the fermentation with
radio active and stable isotope-labeled biosynthetic precursors. However, a labeled DEHP was not isolated
but detected by HPLC or MS in these reports. Our study suggests that a labeled DEHP has to be purified and
examined incorporated pattern to prove its origin.
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TENBUZ AT NEIX T T ATy 7 WAL LTRRAERBIEN, B, 5, fok&
BAVLERGLTEORBICEREN TS, & Tl Di(2-ethylhexyl) phthalate (DEHP) 235 %
ZLERHEN, 7INLVBT AT AVEOGRULEED S, ZhoD 7 F VBT T AT VEITER
PR ZiC L > THREFICAL &, 18, K, e, RAREFREFTOHHLDHEZANDL
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—F., BiEYOHMNYCHED OEBBENO 7 ENVBYATARELNE LORE, S HITIX
EFNoOEM L > THELN-FEEZER T2 BELH S [6-24] ,

2004 £E1Z Chen |3, LBV 2% / V (Bangia atropurpurea) OB OEERIKH> > DBP & DEHP
FRHL, £z, "C TF UL L NaHCO; % AV Ci%3# L7737, DBP T 171 #, DEHP T 5.7
BTN EERER T EMELTWDS [6] . —OMELTRARYLERICRIEL. X bty
ERVEARRERNERBREIETWS I ZEHEE LT, AHEE 2005 4 4 BB LE, 2
HE T 3 REOWER (25,26] | BUGHEER L8 (27] /2855 DEHP, DBP 2 HfL, £ 'C
BEANEZToTCEL, TETHASA TS 7 AP RFVERERMLRESh TV D
T, 2O NCEREIIBHBAUT THD, —F . EVC L > TEARSNWERKRDTHEETH L,
RARRFLASO YCRESRHENDIETHD [28-31],

SEik, MEHOKEEEH S DEHP ZHEE L, #hBBEDIZ X > TEESRTWED TRy
NEREZINTVWHIERRLEBEL, TOWMED D D\ iLEER S AT LT DEHP ZBEER L
UCBERERITH R IHE L,

MEBEEANRERIL924]1 D9 b EHREATT A Z LB T & 2 H#RHE Streptomyces bangladeshensis
NRRL B-24326 # [21] 35 X U LB % Ze 5\ 2T iRME £ 38 Amphidinium sp. [24]
A5 DEHP OERE, FEl L “CREMEETo -,

2. BB IURE

H B XU ®C NMR ZAAE+F JEOL INM-AL-400 ('H, 400 MHz, "*C, 100 MHz) & %\ ik
JNM-LA-600 ('H, 600 MHz; *C, 150 MHz) NMR #IE#% H\, BEZ na i/ LK THE L,
HAZa< 757 4 —BEERH (GC-MS) X BAETF IMS-K9 UltraQuad GC/MS B B3t % A
WTHIELE (W75 :TC-70 (N2 032mm, K3 30m, KE025um) , ¥¥ UV 7—HF X :He

(1 mL/min) ] , ®#EE 7 v~ F 75 74— (HPLC) IZiX, WY — D RF b (K7 CCMP-II,
ol b —3—PX-8020, 7+ M ¥ A A— F7 LA KIS PD-8020, &> F A 7 A v #—SD-802,
B G AA—T 2 CO-8010) AL, SRR a~ b7 T 7 4 —IiZi%, BH Gas Chromatograph
GC-8A # i\,

DEHP OFMERK (bZ LEER) RER LB -7 ARASHB LB —V—2 25—
ASHPORIEINLLOREH L, fIHE SBITITISTHRBROFHRBEEZFR L. FOMmoR
EHEIITHRO b - L bBEREOL DRV,

3. BB Streptomyces bangladeshensis D353 » DEHP O B

Xk [21] iR EN TV 2ERE. MZfTBEE ARG FHE BN M (NITE) £9E8EEH
#3F9 (Biological Resource Center) {Z NBRC 102113 & LTHREINTWADT, TH2BEALE,
FDOH ¥ v S iZiX, bis-(2-ethylhexyl)phthalate % 4535 & ORLER H 5,

TUyINFREFEEN T BRI Fa FJICE#B I FEICHEY, (peptone (0.5 g), Yeast
extract (3.0 g), MgSO,»7H,0 (1.0 g), ZHE/K 100 mL, pH7.0) DT 24 FFffl, 28°C TIEEL, A
Z v b [Starch (1.2 g), NA Amine (0.36 g), Yeast extract (24 mg), Meat extract (0.12 g), CaCO; (0.36 g,
Agar (1.44 g), 78B{/K 100 mL, pH7.0)) I L, BIXR T M CHREREE L TRELE,

FEHUAE AR | B SR S DB 24T o o i . Difco®® Czapek-Dox Broth % pH 7.3 IZ35% L . 500 mL
D=7 T A2IZ200 mL OFHAEZ AN T37 'CT7 AMHESBET ARESFLHRENRBRNET
EWGhots,
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Difco®® Czapek-Dox Broth DR (1000 mL) {XLATOEY ThH 5B,
Saccharose 300g

NaNO, 30g
K;HPO, 10g
MgSO0, 05g
KCl1 05g
FeS0, 001g

DEHP {T#AHSHH i & . Bt Ay FIcEZET 2 28 ahoate, 2
T DEHP O HBEEIC I, EEBRICAB L THERZRW - AREZEMR-FLERITY I o 2 2 2 Thl
HLUHmH®E Ay, HERICE2ZIXIFZEAFEL- T,

ERAEROMES % HPLC (ODS. 70% A & / —/ T 30 438 H% 100% A ¥ / —/LCHRH) T4
B L. =50 DEHP T B0 (57.1 4)) OREETL, 'HNMR A7 FMCHUOES
WERER L2 D HPLC R E# VIR Uiz, HEID#E# & rBfic X Y \DEHP % 2.18 mg HRE L /-,

BCBBEAERRAORYTF 4+ 7oy be—n e LT, BRAEOHHHY & HPLC (ODS, 30%# #
J—NVEEH) T QBN TAE— 2 2B L, THNMR A7 b XY, 2757 ay
TR 2 BEORBAIEBASENTWAZ EBahafed, WThd - OEEIZ X 0 4k
ENHLEMTHAEDT, BT 4T bu—nL e LTHYTHS LHETLE,

4. W¥EE B Amphidinium sp. B3R B TH HH 5> 2> © © DEHP © B

TR LA E B CHE SN ALE~ 7 U Digenea simplex \Zf1& 3 2 iR¥EE W Amphidinium sp. DIF
B D, DEHP 1 X U E D bis(3-methylhexyl)phthalate & bis(5-methylhexyl)phthalate % BiBff L
e L OBMER, F 51 ARBRFRLewiREs @TR) TORRF—FRK 20094107 88) T
REht [24] ., ZOMERTE, C SV LERBT N UAZRFERE LMY ALER LT
b, EI-MS %12 X Y DEHP O453F 4 F B —2 (miz390) fHEREbZHBH L, DEHP 32 ®
MHERC Lo TEESRTVB EHERLTVS, £2 T, BElish/ DEHP ® “C BEHE #1T
W, ZORROMIEFHFDZ EEFHE L,

HFRAERE ORETERE (KRXZ2EILER) 2L, YHNEEROER LILADOEEETT-
I R RFAEMBFRAMAIE ¥ — O RBEEDHE N L, BEEEMYEES 28U L T
ELZbtipol, EBRAOREHL, 20108£6 H., 7TH. 9A. 2ABLU20114E6H, 12D
Bt 6 BT BEY Wi,

EhEFhORE % AT DEHP OB, BRGFERLIEL & ofteiTy., “C BEAEHO
DEHP iX 2011 £4E 12 BTV =Rk H Bk, B L7,

RHEEBE Amphidinium sp. # |LO=ZA 7722 (800AK) T2 » A& LK (240 L) ZBE
HilE L CHEEEEEY 5% /— VTl L, KEBB-FACHRE L CEBFARBHNE 2 B0
VIR TG AT b (~FY o EEBRTFL) CHOEELEES (1073 mg) #TEWW:, ZOHE
4y% HPLC (W5 .5 :0DS U A4, BH : 70%A X /7 —1-30 38IZ 100% A ¥ /—/V) Th
BEL . 450 DEHP REHTAMBO YT v a ¥4 A EBFILERES OB L, £75 73
@ 'H NMR A7 bA%RBIEL T DEHP OFEZRIM LI L Z A, 561 AREO 7T a v

(11.53 mg) BLUVEFOTH (575 281%) 0777 a (218 mg) IZ DEHP B Xz,
LL, WFhoT7 57 v a il b ARAamiEEBOBARR LN, EEEORMAMIEIEL DEHP
FEEICOMT A0, HPLC R GC THHEERELVWOT, BHBEAFAZATALRBELT
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AT LG EEIT oI,

200757 vay (11.53+218mg) 28— LT02mL DA Z ) — VL, n-~FH 2 (0.7
mL), ROWCHI AFADTFYAZ Y Q0M PFLo—FAEIK) % 40 uL NZ. TR T 60 %
R Llr, RELBEZZERF[MCTHARIE, BIZ HPLC (&M EEFRIT) THEL, 2.03mg
@ DEHP # BB L7,

BCBRENEDEORSTF 4 Fay bue—ie LTHEATHEEWIE. 2011 4 6 HICEW R
PHIMEL, THNMR A7 b XY, AFT Y VEBRLBBOT VA VEORESHTHS LRE
L WThOENBRL ZORMBEERIC Lo TEARENTWABEEMTHEOT, ZOT7F3 7Y
s MCBEANEORYDT 4 Tarbe—A e LTHERTE S LHETLE,

5. FEELAEDEHP BLUESF 4o bu—1o "CRENERSR

HEE L7 DEHP BLURTT 4 FTar b — A OJEHERO “C BEIT, 2011 EEE 3 HICHE L
THEW,

# 1. BMRE Streptomyces bangladeshensis NBRC 102113 R OS5 HEE L 7=
DEHP 1 X URfafufgime o “C BlEks R
Natural abundance "C contents of di(2-ethylhexyl) phthalate (DEHP) and
unsaturated fatty acid isolated from Streptomyces bangladeshensis NBRC 102113

compound “C content
(®MC)

DEHP 143+0.1

A eaFnfg i 101.9+ 0.4

7% 2. iBMEEHE Amphidinium sp. B EER N BH 5 BHEE L /= DEHP
B I UHENRO “C HIERE R
Natural abundance '“C contents of di(2-ethylhexyl) phthalate (DEHP) and
fatty acid isolated from Amphidinium sp.

compound “C content
®MC)
DEHP 16.3+0.1
Hig i 85.7 £0.3

IORER, RYVF s 7avbue—nAb UTHB LAERBIITAFhEL 2 "CREOERL
7e 45, DEHP X LERIORA LY CE B, X o T, HHRHE Streptomyces bangladeshensis NBRC
102113 #33 & CiRHEE ¥ Amphidinium sp. X DEHP #4£ER L T RWEERTE 5,

6. HE

Streptomyces bangladeshensis NBRC 102113 #RORERICB WV TG, BEE AR L8 [27] L FERIC,
DEHP O P OEFEERIIELSEBR LN, 2 FACEHTRRICHEEBLZBRDO T 7 X 2T
LEDODEBMBEIN:, BHORTITokT I 77 R MCiE, #i L SHRECRAT 1K
E®ODEHP L &hRinok, 20T 77 A MOKRRIREL TV, 2O X5 RELD

214



BHEAFNERNE A RRRER, XXV, 2013.03

BEHBER L [27] OEBREE L Thot,

Amphidinium sp, DIEFHEAED L EEE L7 DEHP @ “C BEREM 2. 2 obe SRRz
FoTASRENETREZEEL TS, ZOZ bbb, BV IAHRKEER%TT- 7 DEHP b B
FIE L72BIZC NMR B8 L UMS 22 X1 LV BUALALBECIR VAL RE BN T 5 LERDBHZ LR
LTW3, &> T, Chen IZK YV HEESNBEHRFROBALERORHEFFTOGEELZ LW
225,

UCRERMNEDEREMN L. S bangladeshensis NBRC 102113 ¥R DIERUEES L U Amphidinium sp. @
HEBAKNOHEMB I DEHP X TEMROBAYR THLZ LITHLNTHLMB, YO X 5 ek
B THBRICEALEOLERLLRY, BARELDERH IO LFRAHTILH S,

BB D Chen |2 L A IEREZROBE (6] ORIEICHREZHE L AN RIEHOEHK TH -7, HK
WHERE [25] RLICHILERKE [26, 27] T ZhETCORBERENMLELD L, A
RLEMREPLHEBE SN DEHP 3T b TE/RMLOEAY Th 2 e TV, DEHP 5B
SNt OINETOHRESL, REYTHLIHEERENEEXLRS,

AR FRO—BNDICHEBBERETITo T AV, VA, w2760 DEHP & DBP O4)
BEOERIZEWT, ZhbOE8W. ¥ DBP 2HLEFICH W CBESBHE SRS 251 . #
DBROBERFZLY, BC OFFELE 0B “C BELORICHER 2 - b ot, £2
bhadZ lik, EREIToHHET (ERE) KBTI “C 2 HWE L ——EB Tbh
el DIz "CBEFTIBREL RO TIRARVIRENWS Z L ThB, P —F—EBRBITbhiT
LSV, £, RUBHCHRELLRUEREZ HIEER KRBV TERICAWVWE L &I YC
BREHERE»o [26] 2L E2EBET S L, RRBEXRZETOERERIZ. DEHP (33 XU DBP)
BIBBIZ L > TIELNEWEERSH D L OEREZE IR ETHD EE 25,

/L DEHP IXR|HOH L@ H L ZAREETHRD, BAZBESOIFEFICELY, XoT,
A ORHBCIRAEY ORI D DEHP Z B L 286, T04EBI L > TELRENE S 1%
BT DI, ERRIEZITOLNERD S, —HMOBRE CHIHEHMRED VTR ERSFRFE
EZRAVERVIAAZEBRBITONTWEE, Zh b OBALEZBROEROHEIAFTESH VT~
RARY "D T MIESWTEY, FVvEN7- DEHP O BEERIEIX{Thh TWwWiny, BfX
N7- DEHP BEAKMTHEOME 3 DEHLPET A, 20O "CBEZHEL, 7L AIBEE
ZEBUA¥ Y7 DEHP # HEEFE L TEUGAARMELZ R T A LBARNRTHS L B3,

B

YCBEAEY LTEWELATRRNFEERUERAHEE L F—0h B R 2 5T HBR
FEAHEALR U LETFE Y, %72, DEHP OE#H#RAR 2R L THWARBR—T A%ASHE >
— P —T R —HRSHIBHE L ET,
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HARER

FARE Streptomyces bangladeshensis NBRC 102113 ¥ D B5&EE X UNREEEBE Amphidinium sp. 5%
FEAERHY 5> 5 B U 7= di(2-ethylhexyl) phthalate (DEHP) 23, b OMEMIZ L > TESHK X
NTHWERBDTHLILEBA Lz, TREH, BBER . SRENAMHE 25 DEHP 8L o

Fe— b LCHENIBE % HPLC 38 X U GC iz & v BigE R L=, Zh 5 DEHP & BB “C
BEAEHER (0MC) ENEFN 14301 & 1019+ 04 (HBRE) BLTR163+£0.1 & 85703

(L) Thole, ZORRNL, ZhbOBREEREE X OMEEREEREN HHEEEX
N7 DEHP X LEBH ThHoe:EZ BN S,
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