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ABSTRACT

The differential enhanced degradation of cis- and trans-1,3-D was observed in the
previous two studies performed by several researchers.'? This study was initiated to
investigate the involvement of microorganisms in the differential enhanced degrada-
tion of the chemicals. As expected, microorganisms were responsible for the enhanced
degradation. A mixed bacterial culture capable of degrading 1,3-D was isolated from
an enhanced soil sample collected from a site treated with 1.3-D. Similar to the
enhanced soil. the mixed culture degraded trans-1,3-D faster than cis-1,3-D. This
mixed culture could not utilize cis- and trans-1,3-D as a sole source of carbon for
growth. Rather, a variety of second substrates were evaluated to stimulate the
differential enhanced degradation of the two isomers. As a result, the mixed culture
degraded cis- and trans-1.3-D only in the presence of a suitable second substrate.
Therefore, it appeared that the degradation of cis- and trans-1,3-D was a cometabolic
process. Second substrates that had the capacity to stimulate the degradation
included soil leachate, tryptone, tryptophan, and alanine. Other substrates tested,
including soil extract, glucose, yeast extract and indole, failed to stimulate the
degradation of the two isomers. The mixed culture was composed of four morpholo-
gically distinctive colonies on L-agar plates.

Key Words : Cis~ and Trans-1,3-D, Cometabolism, Bacterial Consortium, Second
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Ny FZAQ cis- trans-1,3-D9] Ztzte) tid 2813 4L TR AFAEDe) 23
o) FoH gttt B dFE cis-9} trans-1,3-Del tlg] M2 & Smolr ZZe By F3
3 vl Y EFe] FHEAYE AR Ao g, njAEo] HLYE e B4 RUITEY PE Y
AAF1E  Boddtn 9ol BEHAY, 1,.3-DE ok (field) A 2l Ho] H Lo ¢ EYe
22, 1,3-D9 Bl 398 EYAEE A8 1,3-DE £ & gl £EF AT
< 25t o|gA 2aE 3 WY EL cis-1,3-DESHE trans-1,3-DE ©f #&] £
Ao, oY E S A% G490 2 cis-% trans-1,3-DWe] AFHAE e 237t o
ojubx] @ whA, AHAH 23 @AUEC) EAE el cis-¢t trans-1,3-DE EHAIA.
wa}A, cis-9 trans-1,3-D9} &8l FEHAIAA (cometabolism)?! R E BTHETH F o]
A e, B (soil leachate), tryptone, tryptophan, alaninec] £8#d A&7} 23
gagoz ATHAE dole Bt olFAFoy, nensidleA 2R EFFEY
(soil extract), glucose, yeast extract ¥ indoleo] XHH AJE7} 23 @4goz AFHRU
€ He F o4 ZEE EHAINA R AL EFFAZ ol &HE cis-% trans-
1,3-DE 9& £x2 NPFoz BEEie EF vAET S Fegz agd o3 44

o] E3€ €% colony® TAEH e Aoz AFHAY.

FHO : cis- o trans-1.3-D, TEWAAE, ERVPET, 23 g4l

1. M 8

7t 24elel #%A, methyl bromides 4¥H3
o2 ZAE A W3 A ol &He SHHY
2Zoln o&E HIAF|7] W& USEPA(United
States Environmental Protection Agency, ¥1%
AN E 20014 RH ALE A E 9 d1n
a3 gen,? 4% 48 £3A9 1.3-dichloro-
propene(1,3-D)7} methyl bromided] A EF =
nAYR It Y 1,3-DE Yvzos =L ug
9] cis-9 trans-1,3-DE F/d5°] Telone Il
4E2 Buisln U}, ole straw 479 SEFF
WAE 1R Hed e AY B4 frgEs 50
cis-¢} trans-1,3-D¢] =383 JAL& Table 1
o YehHAc}. Cis-2 trans-1,3-De] #3214 3}
7 HARAEL 929 EYM BEHsA @
FHRR(Fig. 1),” 289 72 98 cis-
¢} trans-1,3-De 3}EHOZE si¢EdE] 4l
Hel &g e T AANEEQ cis-¢ trans-
3-chloroallyl alcohol(CAA)E ¥A3H, <AL

AEFHLE HNE Y& HAIEAR cis-% trans-
3-chloroacrylic acid(CCA)E 4t&t =,

54 #7838 =E2HAAYT 29=H YW
Ege o AEE g Edile 5FL D
dch ol mAEEC AP EUEY /7]
gEA HgsHo] gty] W 2o EFEl &4t
e UAEEC B8 #4718 HEQ w4 B} e
vaste Aoz Bedct b oy nyse 4
A3 UAE BHo 2 A gHE gadoz, 43
nel7l FL €27 G@3lFLE AMede V4 EL
Fag §, 1,3-DE ¢ @290 2 AE 7bF
g oAEe B A7 g4 X9 £z 2y
EgolM e £e32 Rt

F 7R @FAE A JdEE EYo2RE
1.3-D& RE = e &F Ad$ dedez
Eefcke 18 RaFD Aok R AA a7
£ 12d7 1.3-D2 A&3AM Azld EYIAM &
#729| Pseudomonas sp. & ¥E ¢ Aoz ¥4
A AU A JFE AT FUT Sdidez
A 1,3-D& A48 # Ui Eadgod, &
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Table 1. Physical and chemical properties of cis- and trans—1,3—D5'6)

1245

Property Cis-1.3-D Trans-1.3-D
Chemical formula CHCl=CHCH-:Cl
Molecular weight 110.97
Physical state Liquid
Vapour pressure{mm Hg at 257) 43 34

Color Colorless or straw-colored

Odor Sweet, penetrating

Density{at 207C) 1.205 1.219
Boiling point(C) 104.1T 112.6TC
Melting point(C) { -50C ( -50C
Water solubility (ug/mL) 2180 2320
Partition coefficient(Log Kow) 2.09 2.04
Henry's law constant (atm/gmol) 1.8 x 107 1.05 x 10°

Cis-Isomer Trans- Isomer
H H H cHQl
/ 1,3-Dichloropropenes  \ /
/C— C /C — C\
cl CH,Cl cl H
l Hydrolysis l
H H H CH,OH
\C— C/ 3-Chloroallyl alcohols \C— C/
Cl/ \CH10H CI/ u
l Oxidation l
H H H COOH
\C—- C 3-Chloroacrylic acids \C— C/
AN ~N
CI/ COOH CI/ H
\ Oxidation /

Simple Organic Acids (propionic acid, acetic acids)

CO0,, 1,0, Cr

Fig. 1. Proposed degradation pathways of
cis- and trans-1,3-D in soils.”

2lg Aol ¥2 Y& 2 F e /ISP ES
E§38hE enriched AA WiAA wFHAe 22
1.3-D7F $4% @ade ofd ez #ddd
Pseudomonas sp.¥ trans-1,3-DE& cis-1,3-DE

o o e 2, ol Akl Eart F2
229 E%A trans-1,3-D7} cis-1,3-DEE} ¢
o) 2Ece ¥F A7 Aned dx@
o A A7Vl e 19 F< cis-1.3-D2 3
ZHoz HIUF A2FR AYelM FIE EY
sampleZ22H cis-1,3-DE FU§ &4 F oA
Aoz ALY £ e 6718 € ATES £
9t olg ATdME &5 FEE AdEL
cis-1,3-D&} yeast extract”t H7t=o] wjgs A7
2ol cis-1.3-D7F #YE dadoze] HEL
32 @e Aoz #Gordrt o|FA Ed AIE
& plasmids& 7K Az 2P AFAEVe
1 plasmids”} cis-1,3-DE #&3ted #83cte
AL ALY, Fel@ HFEC] £ trans-1.3-D
£ 2N & e Yol AeAY 945 §AH
2] @ttt Bk 3-chloroallyl alcohol (3-CAA)
& =g & FEte Res gy P
Al ¥ol Eggoz¥E eld Pseudomonas
sp.9] ¥ FFHE 3-CAAE A%l B8 Y &
afo2A A8E F e gy 2E
d7ste'¥e yads EFM A 7R FRY
Pseudomonas sp. & #eAA o 1 € 9

E2 3-CAAS #AF BEHER] 2-chloroallyl
alcohol® Aol WaE AU dhgoz ALY
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4 %t WA chloroallyl alcoholE& FE2
EUAEE FoX B3] Pseudemonas sp.o o
3 FYE gaYe AMEE £ 3le Ao B
|,

B d7e EWAYEA 9% cis-% trans-
1,3-Do| &8 7bsAE B7stn cis-9F trans-
1.3-D9] £3j4 23 g2 9 HE H cis-9
trans-1,3-D& £3lAE # e PIAEES £
s A& BEFHoz st

2. @Mz 3 YUY
2.1. A8 M2

2.1.1. Al

Telone 11(94% 438)8t 2d 48§ cis-¢
trans-1,3-D(98~99% purity)& 7IF ddeinvt
Zo] adedjutZelxe] e DowElanco3]AHAE
£ Agstgden O ZE B4 AUISYEES
ol & 7Hed 4YE FUEEEH & HnFEY
BN E5FE AR

2.1.2. 8{x|

T A9 718 wiAzRE 7E2 R PA
(basal mineral-trace mineral media, BMTMM) %
EGF2d-g AHE3GT. & AT AR T E
HAEL F 79 712 wjRZRE o &AL,
EgFade nengtsid diE ESFEY (soil
extract)'®3 odF}ol] ofs BFE EF] T (soil
leachate)®] ¥ 7}A ¥ej & AgEAT}. 7|2 F7]
o kulz|e]l BMTMME 4.8g2] KoHPO4, 1.2g9]
KHoPOs, 1g9) NHsNOs, 0.25g9] MgSQOs - THz0,
0.04g2l CaCls, 0.001g2] Fez(SO4)z - 7TH:0 2
1L deionized H,0Z A Ho] Slcth. olof #jA)
o] pHE 7.2 3 HAD. Stock trace mineral
2 2mg® MnSO;s + 6H20. 1mg® CuSO4 - 5H20,
2mge} ZnSOs - 6H20, 0.3mg9 H3BOs, 0.4mg®
NasMoOy4 - 2H20, 0.4mg9 CoCls - 2H20, 181
1L8 deionized H.02 ZA&YD'™ Stock

trace mineral o= ¥ B&AA, 50mLe BZ
mineral media A(MMA)] 500uLE A7}8+sd o,

2.1.3. E&FEEH(Soil Extract)

EdRgde 3 A7 AAF APEA
ol8) zAATt. 1ked 1,3-D2 oA € EF
3} 1L¢) deionized HoO& 218 Erlenmyer flask
o Frlele 1AZHES 121 CAN FFAAY E
FYAEE 83 PN F AFY L 2429
Al 500mLe] EekAE Well Hol 10,000rpmel A 4
B2A1AH 1 ASHEL 0.22um ©]8+2] microfilterE
o3pel dF-E Tl Pt iz & FFE &
ZYEL 4T WAnol B@sle] AR}

2.1.4. EL0{Y(Soil Leachate)

500g9) 1.3-D2 ckejMeld EST 250mLe
deionized H20(2: 1] ¥&)& 1L9 Erlenmyer
flaskel A71std, 108 F2 WRrwuH(shake) A H
ERIAES A F 2 24FHE 500mLe] ¥
Al £-2] Wol Fo} 5,000rpmellA 2083 ¥4 & Al
At A5AL ESFIGEEC] 22ty Ed o
A= e AL ¥X 8] Y3t 0.22um ©l3te] micro-
filter2 2p3lich A E AR 2= (25C)4A
B o] &3lgith.

2.1.5. L-agar Plate® L-broth

L-agar platet &£ W IHTL2RE &4 A
79 ®al 2 purity® €137 98] A1&sAc
L-agar plate®] /42 200mLe] deionized H:0,
29 tryptone, 1g9] yeast extract, 1g2] NaCl %
4g9 agar o2 TA=HCl Utk AAFEH
L-brotht 47| L-agar plate %A agarg& A
IR EdR- = = 8

2.1.6. Yeast Extract, Tryptone, Tryptophan,
Indole, Alanine Solution

1%2] yeast extract, tryptone, tryptophan,
indole, alanine solution® deionized® Hz0¢l

s, n2agstelA TN,
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2.2, Y &Y

2.2.1. Cis—= Trans-1,3-D& &slisle o|4
282 % Y 2o

712 #7199 %A (BMTMM) & & o] 3
7t 7€ EY(0.01g/mL)E& HFA cis-9F trans-
1.3-D& ¥&A- F U}, ol ol HE
2 L-agar platelolA streak=on, z4zte]
colonyEe EF 2 (0.04mL/mL)°] H7tE
BMTMMoel A WiF= A& ®ol cis-$t trans-
1,3-D& EAZ & o ¥ £38 wjAq
A vj ¥ colonyBele] T3 WA TLZRE o
Aol HEE EF WFHNTEL F )4 AANE
£ BHA1R & AU Table 2€ 1,3-DE £33l
£ 23 &AaYE 2AE] A U F59 wiA
& vehlidd.

50mL Z+2+e] AlgulA) (Table 2)& 324 £33
9] Wz} 9 2§ gy A8 YEFH R gl 250
mL2| glass flask&ell wl¥3 T}k Cis-9} trans-
1.3-D(ztz} 25ug/mL) 7t A7 ol F e flaske &
Al Ao, $RAE A H8 ZE &
23EL aluminum foil2 ¥ AT ey,
28T rotary shakerolA] wiFstaich 43 A1t
7oz 0.5mLe] AEMFAE A8 AHE3He
glass culture tubeolA] hexane®m 3235t

2.2.2. Culture &

10mLe “¥Z¥ hexane®dl& 0.5mLe} Al
oo wix] FHe] Hristed 108 F¢ 500rpme]
2% 2 shakingst®ctt. Shaking¥ 1mLe] hex-
ane®M 329 & gas chromatography(GC)& ©}
289 cis-9} trans-1.3-D& 43t

2.2.3. GC &4

Cis-9} trans-1,3-D ¥ cis-%} trans-3-CAAY]
BEL A ENENE PR AF7IEV o) B
a8 43dxst A8t Cis-9 trans-1,3-D$
7heEs AEQ cis-9} trans-3-CAAE Perkin
ElmerolA ©& AF3 Al2dle] 7|AAz2etED

Table 2. Various test media containing vari-
ous second carbon substrates were
used to screen for a second car-
bon substrate that had the capa-
city to stimulate the degradation of
cis- and trans-1,3-D by the mixed
culture

Medium

Basal mineral-trace mineral media(BMTMM) +
enhanced s0il(0.01g/mL)

BMTMM + autoclaved enhanced soil(0.01g/mL)

Soil extract

BMTMM + soil leachate(0.04mL/mL)

BMTMM + glucose(200ug/mL)

BMTMM + yeast extract(200ug/mL)

L-broth

BMTMM + L-broth(10uL/mL)
BMTMM + tryptone(200ug/mL)
BMTMM + tryptophan(200ug/mL)
BMTMM + indole(200ug/mL)
BMTMM + alanine(200ug/mL)

a2 HF E4EHc. EMvle AEA 837,
%Ni electron capture detector(ECD), split-
splitless injector, turbochrome 4 &~ZE g0} Y
586 AFEH 2 A=At

GC +9APA ZPEL 27 Zoio F,
30m X 0.25mm i.d9) E{, me & FAHAE =2
Blg RTX-624, A& 71A (He)ol ¥ #5342+
£% 5mL, B&71A Fae) oie 712(99.5%2
A4 0.5%9 )9 F5E=E £% 30mLe)
At} Injector®) =& 150T, detectors] 2%
375T, oven?] &%& 1¥ B¢ 50C, %= £%
40T, z@x 16% F<F 120TeA FAHUG.
Split valvex 1.3-Dg] ¥4 93] A 1¥ 5
AHew, 3-CAAY] £4& ffMe A 158 %
ot A3t Cis-& trans-1,3-D 2 cis-% trans-
3-CAAS] ¥4g 48 1uL9 injection volume©]
ALEEIATE o2 gt =AM cis-¢} trans-1,3-D
2 cis-9 trans-3-CAA®] ¥t A FAIHS 342
4.7, 5.0, 5.4 2 5.6%°l1en, cis-%} trans-
1,3-D, cis-9 trans-3-CAA°l & gx@A"* e
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z+z} 0.26, 0.28, and 0.66. and 0.54ug/mLelitt.

3.2

24 cis-¢ trans-1,3-DE #8 ¥ F e vA
B¢ 28317] A cis-9 trans-1,3-D2 M ¥ E
f&o] 2 vl E] EAL YeAE A
getste Aol FART Fadivtm AAIG,
1,3-D¥ 1994982 199749744 49 Q4&02 1
el ¥ 156kg/ha ¥ 1.95kg/hagl &=2
chisel& AHg3ted okl (field) EFl iATH?
Fig. 2 cis-% trans-1,3-DZ o} Aejd EY
(treated soil), ok A HA ¥ EF(untrea-
ted soil) 2 k8l A& 9 d#¥ E¥(autoclaved
soi) & ABAA 2+t 99%9 T2 = (purity)
g 7k A& cis-% trans-1,3-DE spike® ¢
Lo A7 Aol W cis-&} trans-1,3-D] £l
%529 2ol YEhith. 1,3-DE A eld EF
M ote] HEHA @ EgE Had ElA
Ho} whg Eajrl #RHUY 219 o) Fdd auto-
clave® EFo|A ETH untreate® EXNA cis-9
trans-1,3-D9} 287} FAE AL untreate® E
oo 1,3-DE ¥zt Aol AL FolAT
Z2AY7) gEoz AlgEch E¢ 1,3-D2 AHeld
BN cis-9} trans-1,3-De] ##l€ trans-1,3-D
7} cis-1.3-D9] BB EH&mrl wEo] #F
¥ ¥ 1 3-DE HMAHA ¢ A- L IHdE E
Fol e 2 ze)7}t wjuEct, ojgt Ze] 1,3-D
2 A2E EdSe AHAE e EFS EA
&t Al o] HFFy] GEA Aoz A,
He oo dnEHA &L EUY FHFT WA

—&— Treated cis-1,3-D
—a— Treated trans -1,3-D
—a— Untreated cis -1,3-0
—w— Untreated trans-1,3-D
—4&— Autoclaved cis-1,3-D
—&— Autoclaved trans-1,3-D

20

-
w
1

=
o
1

Concentration (ug g'1 )

Time (Days)

Fig. 2. Degradation of cis- and trans-1,3-D in
treated, untreated(control), and auto-

claved surface soils.

BMTMM(basal mineral-trace mineral media)
dlA cis-9 trans-1,3-D ¥37F #&AHAoY, »
eagstils dFH &7l A8 EFIME ¥
g2l ¥3ttH(Table 3). ¥l & 1,3-De] #&i7t o
ot dHEHA ¢e EYOE HFE BMTMMeIA
v B AR 0P8 JFo] §terE
TR A gt BF n2nygsiolM dod EY
3 Bajrt 8949 B4 st 3719 BMTMM
oM 1,3-D7F Bl =AY, Ea7t SAE EGS
1.3-D& #3lsles AdE ® okhiz 1,3-DE &3
AN F de G5 23 g4dE IEEHT U7 9
79 Aoz #adnt, 23 gado] ivhd 1.3-D
£ Edste AFe 1.3-DE #88 + 9 A2
2 Alggo, =% d@Ase) PHAAM AT R0
=3 wigA Fol EalEUn 2 FelE EF WA

Table 3. Degradation of cis- and trans-1,3-D in basal mineral-trace mineral medium supple-
mented with nonsterile enhanced soil(10mg/mL) or autoclaved enhanced soil(10

mg/mL)
Medium Degradation
Basal mineral-trace mineral medium(BMTMM) + nonsterile enhanced soil +
BMTMM + autoclaved enhanced soil -
BMTMM + autoclaved enhanced soil + nonsterile enhanced soil® +

 Nonsterile enhanced soil(10mg/mL) was added 7 days after autoclaved soil was added
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o], quz 7Y 42F9 EYojnido] Hrid
BMTMMHl Aol A v FA|E wfole EF WFA T
o] 1,3-D& E&¥ & At ¥IE EF wjFAD
of m2mtslN HHF F2d EUFEY(soil
extract)ollA & Agcty Ex8x 1,3-DE F39
A7)1Ae £¥c. w2tM 1.3-DE #3471 d
ga g 2x @i do o g4 =€ £ 8l
£ F7IBEEQ Aoz AEEY, AT o) 2
¥ EYH Y (soil leachate)& 283 dethe
R kol vz o2& FAo|ct, EF 12 EF uj
AL dAztel o8] WY EFiTeo] HrtE
BMTMMHiA| oA & =t2kx] R3] 1,3-D9] €3l
7b vimd =goh. 43 AL ¥ L-broth
(10uL/mL)7} H7te BMTMMHI ol A &3 vl
Aol cis-9} trans-1,3-DE @8] A7l A
o] WAL R(Table 4), £ wWdHTEL BMT
MMujR oA & Rele oz {EEHAJG. 29
WY, 2% 529 100%2] L-broth(full strength)olA
&3 MM Fel & AYE, 1,.3-De Eiie ol &
olx)z] stedl, ole 2¥EY L-brothollAMe
1.3-DE& 233l nPEFo], 9FE] TS -
559 L-brothelA %ol ®wg th& uYE£TY
competitiono] Y& Fojrte Ao AlRET O
#eg 1,3-DE #isle nAETTE FA T
71 A48iM e v %9 L-broth(10 pul/mL)7t 8%
€ ¢ 4 3Uth. L-brothe F 7 /7148
yeast extract®} tryptone2 2 FA =] 3oz,
Ty A Fol 1,3-DE #ANEF deAE
Z87] 918} BMTMMullol yeast extract®}
tryptone® 2zt A AN APsAHTable 4).
AYAH tryptoneTol 1,3-DE F&3te A2
eyttt BMTMMElA o tryptones} F8 v
29 tryptophan®el E@E EF WMIM TN
1.3-D& &34 = sle 58& /I3 Jes ¥
#HAEY tryptoneBTHE ¢2 ¢ $& ANE B
o Ft}. Ads} tryptophane indole® alan-
aine©.2 FAE o} 7] W &o* 2& BMTMM#|
Aol indole® alanine® Ztz} A7lsiA EF wiF
Agel 2% 1,3-De] Bl & £332H alanine™

Table 4. Screening for second carbon sub-
strates that stimulated degradation
of cis- and trans- 1,3-D by the mix-
ed culture grown in basal mineral-
trace mineral medium (BMTMM)?

Second carbon substrate Degradation

Soil leachate(40yL/mL) +
Soil extract -
Glucose (200ug/mL)
L-broth(Full strength)
L-broth(10ug/mL)

Yeast extract(200ug/mL)
Tryptone (200ug/mL)
Tryptophan (200ug/mL)
Indole(200ug/mL)
Alanine(200ug/mL)

+ o+ o+ +

*With the exception of soil extract and full strength
L-broth, the mixed culture was directly inoculated
into the two media without using BMTMM

o] 1,3-D& ®sjA#HTable 4). 281t 2 £F
H A Eel & RisHe e T2 HY e
F5H glucoseZt A7 BMTMMu)A) ol A wjj %]
Ae de 1,3-D9 Esi7t dojvbA] F3dot.

1,3-De 93 2 2 aqueous mediaclrl 383
o2 343 g eEs &5 25
o we} zeist slovt 43 =M pHolle &
g Aoz Ensn vt vt dPAZT(con-
tro) & 28CE fASHE £ a7y 49
wj el x| o} A wjgAlZTH 1,3-DE N &
de 22 Figo] EANEG e &Y Mol
1.3-D& 2~-4% B¢ &43] EaAzc wad
ARYEZ U 1,3-De 4¥€ Fo= 60%71 ¥
=R ekskch HAF 24 gdaddo] e 2AAA
£ &% Aol trans-1,3-DE cis-1.3-DEY
2] A, wd dEiRF de F ol
AAe 2 £52 i do] AL 4¥ds
EF AT YA TEEo] 28 40
9] & £ colony® TAHC Ue AoE B
At
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4. 1 %

2 s AgATte} Zo] E Aol
T cis-$} trans-1,3-D& #4& @2Uo2A A}
2351 ujPEE 1,3-D2 of9] Halg EYA 2
g 4 dAot. AT & dFME 1,3-DE A
2E EYSZRE cis-9 trans-1,3-D& A2
F gle R MgATE EEsdn, E2E Y
i A FS tryptone (€ tryptophan #& 23}
gaqo] Y AL cis-9} trans-1,3-DE #3)
g & AU wM oz d Eaiee FFUA
Al Ao HrEth Tryptophans tryptone
9] F8 olu)iato)7] W&o o] F /1A AYEF
o] oj® AHolFE cis-% trans-1,3-DE E3lste
=5 wFATY 22 exo 2N AHE S
¢ 4 Uitk SR £ dFEAERE tryptophan
o] T 7}A] o)A 2 o] WA HALE YN
37) A% T3 uGATY EHEA AR e P&
A=A gt ol& 1.3-D9} tryptophan®] T
zHog Ao g7l &R, tryptophans
indole® side chaingl alanine2.& T4 =] d&
HhEe] 1 3-DE 3719 ©4vt 924 2 421

£ 711 dastd d3s4aR FAEHAUY. 28
1} tryptophand T AE4| 23 indole® alanine
o2 ¥&¥ & 7] 9 2d,?® indoles} alanine®]
1.3-DE B2 & AR AR A3 HFE
gart Jdokn #eEdc}, Indoled alanined 7t
zt 23} Ao g Ag3ley 1,3-Dof #EHE &3
& A3} indoled) A MAlE 1,3-D7} E3lisA] &
¢k alanine®l F7MAlele 1,3-D7t EIHUAT
(Table 4). °l& ring-compound® #+%& 7HA
lE indolecl 3749 ©imE AR e
1.3-Dsle Fz2Hoz #Fde| A7] 9& indole
o] 1,3-D& EaAAS e Al8EA gen 2
Bohe 1.3-D FRASE FAE 379 gaae
£ 7' alanine®l 913 1,3-D7F Ea=Aci A
2 gd Edald g 23 d4Ye R o &
g A% 1,3-D7F #EEHU7 A& EFARAS
o FH=o] sle #8¥EF alanineo} TEE 3l
£ Aeg gordrh a3y zentstels Hdd
E¥32d (soil extract)©] S1& A% 1,3-De] 3

7} $&5A ggten, ole 1,3-De] EHE Y3l
23t g4 A4EE Y Egdnde] APEE
o] Qo 4A e YREZ FAHA U7 9
29 Ao g AT, Tryptophand Eeol €A o
ALY Ao A MRl s o] indole®t alanine
oz 2iHy 53 aAHAA ¢S
wadn 2agn ™ oe ¢ A7 AE
Ay sn Ut oFo o3 FTE EFAF}AL
dutRo g S£He F7AFPER PAHA Jem
2 g8 HYEEE rAVAZR 1,3-DE A
F 9l T uiFA T 23 2o AHEE #
A& ARLZ AlsdH

Trans-1,3-De #3871 338 B4 &3 ¥
Ao oA BT cis-1,3-DEY ®2A 5
Ak, weby EF WP R EGFM F 7R o]
AN Rajo] TAHUD Aoz wddr}. ol
% JkA 9 ol d &AL e cis-1,3-Dell thE
3 3E trans-1.3-Doll §E-g3le] JhRE7E 218
gL A% Ee el #A7) cis-1,3-DET
trans-1,3-Dell o] £& &4 HEE 72 715
B3 W3l B3 Ao AlgHT

E dpoME trans-1,3-D7F Bl oafiA
cis-1,3-D2 )4 AA32} 5 B2 trans-1.3-D7} B
ot wz] BE ¢ doke S HASATE o] 7}
4g& APHo2Ee YF3A Rtk EGFAA (S)-
fluazifop?} enantiomerizeSl+ 22 42A o
o2 g9 Bk AFEL 189 A4S AT @
Yo 2A racemic 1,3-D &2 cis-1,3-DiH& &3
AN F de ¥4E /M Zlez RuHa Y
o 10 geju ol @ WY BES YNHZ 9F
Fo] FRF wjN & MR en2, 18 A
AL 98 gargdogA 1,3-DY cis-1,3-Dgt AH &
FRee 42 g oy vYEEL 24 &
2902 Hjx] Fo Eoigle E THE fUIsE
8 o] &3l 1.3-DE FEUA ARE ez &
).

5.2 &

394 342 ol g=a e 1.3-D E34
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AL A48 FUT dLdoRA 8T 4 Qe
NYEEL 1,3-DE NYHAAYG AMHAHA @&
EgdA % Zeld 4 gldoy, Mg B
A gald T A Eel o8 1,.3-D9) Eai7t
7Fede ¢ F YU EF M YHTE tryptone,
tryptophan, alanineZ& 23 @4o] gl&u
1,3-De] ¥#l7} 71538l 2, glucose, yeast ex-
tract, indole& 23} @AYo g o] RA & Hag
A gutt EY I EFL trans-1,3-DE cis-
1,3-DEt} ¢ e EsjAzen E5F vigATL
FeetEel i whdel o8 4/Me e &4
colony2 TFA45] 3le Aoz Bpodn, o A7
oA Aozl AFANE A A2E B E3)
e ATES FEHAHcometabolism)E FaA
AEH 02 cis-9 trans-1,3-DE #3A Aoz
gagn)

AL At

e d7E vF g2t dady F9Ed
A7EEe] YRoln A7E AYse F4 Li-Tse
Ou #Abd7 ZAkg EUTH
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