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Studies on the Fate of Blasticidin S and Methoxyphenone
in the Environment

Isamu YAMAGUCHI

The Fungicide Laborvatovy, The Institute of Physical and Chemical Research,
Wako, Saitama 351, Japan

The behavior and metabolism of blasticidin S and methoxyphenone were studied in the
model system to evaluate their safety in the environment. 4C-blasticidin S was prepared bio-
synthetically by the producing organism, St. griseochromogenes. Prior to the study on the meta-
bolism of blasticidin S, its site for accumulation was investigated to find that the antibiotic
was mostly located on the surface of the rice plant after foliar application. From the wound
or infected part, however, blasticidin S was uptaken by the plant and was translocated mainly
to the upper part. The compound on the plant surface was decomposed by sunlight and gave
rise to cytosine as the main degradation product. In the plant the antibiotic was metabolized
gradually, and a small amount of cytomycin and trace of others were produced. A con-
siderable quantity of blasticidin S was supposed to fall on the ground by rainfall besides
those fallen when it was sprayed, which was found to be bound firmly onto the soil surface.
From 4C-blasticidin S—treated soil significant liberation of CO; was observed, and several
microbes usually inhabiting in the paddy field were involved in lowering the biological activity
of blasticidin S. Among the microbes, an isolated fungal strain, which was identified as 4sp.
tevreus, caused marked inactivation by converting the antibiotic to deaminohydroxy-deriva-
tive. The enzyme was isolated and characterized to be a new aminohydrolase. Methoxy-
phenone was readily metabolized in the treated plants, in soils, and by rats. Products oxidized
at 3 or 3'—=CHj, a 4—desmethyl metabolite, and a reduced one at carbonyl group were identified
as metabolites in common by using #¥C-methoxyphenone labeled at carbonyl carbon. There
were observed some differences in metabolism in each system, e.g., 1#CO; was liberated only
from a treated soil. An isolated bacterium (Bacillus sp.) capable of degrading methoxyphenone
showed a remarkable activity to phosphorylate phenolic OH of the desmethylated metabolite.
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Table 1 Uptake of blasticidin S by rice plant
after foliar application.
Days after Control ‘Washed Uptake
treatment cpm/mg  cpm/mg %
0 (leaf) 725 41.1 5.65
1 720 69.7 9.70
3 565 65.0 11.50
5 572 72.0 12.60
10 518 81.5 15.73
5 (stem) 77.5 1.6 2.10
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Fig. 1 Translocation of blasticidin S in the rice plant.

A; The radioautogram (right) was prepared one week after application of #C-blasticidin S
on the plant (left) at milk-ripe stage.

; 14C-blasticidin S was treated on the 1V leaf stage plant (left) 40 hr after infection. The
radioautogram (right) was prepared 3 days later.
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ERTER, 20T o v OARKE, SAMBRICX
WoZSWEILSBLHZEMD, KEXDOK %T;
X543 ®THY, BeS 7% 270 nm 3y UV IR
ERHLTWS Z & RS CTBfiE &0 5 2 &3,
HFRCE D PV I HADEREFBRHC LTS
PDEZFEzbNE. Ll K=V REAEMEOLS
T, XhRERENECHE Y UV BURE S o9E & 5

A Y, Kk (290nm DITFoROEHh i BiEL
5 RWID) 2 X% BeS ORE, FRIEEERLHRDO
3 T, RAICEFLE.
| - i 3. HBHICHIFBTIRHLS S ORBSR
——Solvent A A FRICHI7E Lie Be S ORER A KkIC X D EHIT
Fig. 2 Thin layer chromatogram of photo- b b Z b, WHEICX DT &HRHICH RIZHE
degradation products of blasticidin S. TT5b0LaE5b8TEETSLE, EXRRERCER
Solvent A; chloroform: methanol: 179 NH,OH VT BeS OB LER - BYT LB EE bR, TiEd
(Szoivir;tlg; 1-butanol: acetic acid : H,O (2 : 1 : 1). TOBAE IR S

BrDtiEE oD HED 5 21T HC-BeS 2iFmL,

200mm DL b BEREIC YT 5 AEKE Lz T

FARECEA LB RCRVWEINRE 0 LEIRTH %, F2ERLZLSIC, BeS BuFholEoss
-7 (M 2). 414 RICKITS HC-Be S Dz BN T ARTIZEALBHET, TORBIIHELC
#7100 8 ATA), BERT) T, MEE®RORTREIE ERHL P ER 5T, LEH LD UC-Be'S DEIN %
ERED LTAH2L, 4 FRICHE LR BeS 134kl 5T, SiRECHEITM BeS ik, 747 Uik
LEZLE D IR HERZZT CoMT 2302 % T VIKTERSICHEI LRI RER D o7l &
Bz, ZTOLXERBIE, Be S(*evt) 225850, 5, BeS 3HEEBICEIBEIN, MFLTS 3D
TRV VERECH L, fhhiNCiE A b RENCE CERET DR AEHEDO/NIVWE &, Lo TR
AV DiFEh, SCu®, F7 I/ e FrFITSALY PHORINBTORI D 2V 2 RE L, FE,
4TV S L RIEPR—-HKTEHLONRIDERAERL. X5 IZIRALEC X 5 Be S OIS TR RIFTH 5T o
AR L Ty BeS 24 7 2R Ric#EIRiz L TRk o5, REE5CX5Ky b7 R FTIE, BeS idw
i BUARE D, vArr—R-BFAZr< b T L LIRS A REAL VS, Oz I AN <A
XDV P vRIBHA b=V vRiEmE LTS VSREE G- T A R LT X BTV TS 2 & SR

Table 2 Binding of blasticidin S by soil.

Soil sp.

No. KT 1-1 No 1-1 M 9-1 US 8-1 K 36-1
cpm (%) cpm (%) cpm (%) cpm (%) cpm (%)

1 3,847 (93.9) 3,530 (97.7) 4,612 (97.9) 4,510 (96.3) 3,789 (95.2)
2 59 ( 1.4) 22 ( 0.6) 49 ( 1.0) 61 ( 1.3) 67 ( 1.6
B 3 64 ( 1.6) 5(0.2) 17 ( 0.4) 30 ( 0.6) 57 ( 1.4)
] 4 36 ( 0.9) 10 ( 0.3) 11(0.2) 25 ( 0.5) 16 ( 0.4)
| s 33 ( 0.8) 0( 0 9(0.2 7(0.1) 7(0.2)
1 s 12 ( 0.3) 7(0.2) 7(0.1) 5(0.1) 10 ( 0.2)
|7 6(0.2) 2(0.1) 2( 0 3(0.1) 5(0.1)
s 17 ( 0.4) 7(0.2) 0( 0 13 ( 0.3) 7(0.2)
o9 6 (0.2 10 ( 0.3) 1( 0 1( 0 6 (0.2
10 0( 0 5(0.2) 1( 0 14 ( 0.3) 11 ( 0.3)
E 17 ( 0.4) 5(0.2) 3(0.1) 15 ( 0.3) 3(0.1)
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Table 3 Distribution of radioactivity in the system of soil perfusion.

4C_Be S Perfusate Soil extract Soil residue
dpm (% dpm (%) dpm (%)
Bc S (*cyt) 3.79x 102 (0.18) 2.18x10% (1.05) 3.63x10% (17.5)
Bc S (*met) 1.07 % 103 (0.04) 3.23x10% (1.27) 6.56 x 10° (25.9)

14C-Bc S added: Be S (*cyt); 2—-.07 x 108 dph, Bc S (*met); 2.54 x 10 dpm. Soil perfusiéf;:

30 days at 30°C.

Th5.

U7z X 5, RERBCBE I Be S iTEH
DEFTTHARZE > THEHIRD 2 &3 VWEF 2D
no, REhTRBSBEZTCEL - RTLeTW
K2 ECDWREERD L. 2O XS HHERICKT
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HAEDREAER TR IERE LT & TR I
2%, RO EITIX, BeS(reyt) MO B A 17.5%,
Be S(*met) D354 25.9% O JiHAE L 25 AFE T, 75~
80% KT B BB, —F, H¥C-BeS %
JLPE U Fe T4 D AR T B SRS D i ARV b oL =
VIZEIRENT, =& =T I VIGERPC S v T
Sh, JKER(L-S ) 7 AL KX 85 & ERAIC BaltCOy
5252 05 YCO: THHZ EMNYMALE. 20
HCO; M4AKIE Be S(*cyt), Be S(*met) OWFhis
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BAEDLNY, N-2AFAEORELIBKEE X0 D
LAY Y VEOBRMELTIEZ » TV S Z
Wl7z. Fi2, FEXVIFGMNEGFTICRL LTI -
TIHFC F QAR Xh b 2 2o bhi (F
3). IHLCHERRICIVTERO D ICEEHF ARE

AT DL MCO: DERMEILT LD, 1IEFD
yrsaE, BRI RT S MERBMOEEIE

WRETHLMAENOBEERE 2 b, o HC-Be S
H 5 1COy DAFRITE 5 F TOREIR ML, RitikS
CAHRC D RS h Y, 2o LIXFEL TS
NHHR#EWD BeS rEIRICHIBCIES 2T <, &
LAFDZ LT - T “COx DATRIZE D 55 8hR
IRZDEETRTDLDEEZ LR

4. WMEMCEIBTIA M4 S ORKH

Be S fREAEEZB T 200EMZ, /KELIESOHHEL
7oA B3 X OVBEA AR IR FRRR XD B Ltk T
%, BeS OiEEMART IS LD TEHHMED
AP RWEIh (£4). LirL, thdidvwih
HHRC UC-Be S 55 HCO, AR LD, BeS %
Y35 2 ik, Ps. marginalis - F. oxysporum
B A b= v B lLadkT50TE s, 72

B

1%c0o, formed/!"C-Bc S added

days

Fig. 3 Liberation of CO; from paddy soil treated with *C-blasticidin S.
Solid and dotted lines represent 4#CO; liberation from Bc S (*cyt) and

Bc S (*met), respectively.
A: Shaking conditions,

B: Stationary conditions.
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Table 4 Microbial degradation of blasticidin S.

- =— front
No. Organisms 122‘23:3:;1
0 Control 1,000 pg/ml % Incubation system;
1 Pseudomonas marginalis 530 washed mycelia:
2 Ps. ovalis 1002 598 , 200 mg (wet),
3 Ps. aervuginosa 698 . Bc S (*cyt):
4 Bacterium from soil (1) 690 a 100 ug (0.25 1C),
5 ” (2) 700 i 0.01 M phosphate buffer
6 ” (3) 720 ‘ (pH 7.0): 2.0ml.
7  Fusavium oxysporum 650 : :
8 Phytophythora parasitica 690 : After incubation for 1 hr
9 Fungus from soil (1) 50 — d-cM at 30°C on a reciprocal
10 ’” (2) 630 shaker(70rpm), the filtrate
— CM was concentrated iz vacuo.
7, A B RS Rk (No. 9) 138TE s Be - TLC: Avicel SF
S OIHHEINTRER R L, ZORMAEEEphToish : Solvent: n-butanol-acetic
5 MBRO —fXE T Fxbhie, FEICXS —_4-Bc S acid-water (2:1:1)
Be S oFBHIE, T7I/eFrEy T IALY
— Bc § Radioautogram: Fuji X-

APy S LLESh, ZOWRFHKLZHWTE EbdD

TR XL R AR L (K4), 2oz L

PRI A 7 Vh v FCdhD Be S OEEIEHEZME

(P vBE—->v vl 2T L 2ERL 2.

CORIEINS, T DNFINEETIN D Aspergillus terreus Fig. 4 TLC radioautogram of metabolites of
CIET S L0 L[EN R, BeS R A R R Be S by a microbe.

ﬁ N eSSV,
- O NH NH
HﬂN‘<_\N 0~ COOH ’

[0} Blasticidin §

ray film

_=—origin

Cytomycin Co,
H
z N
YY\' N \ﬂ/\/\/ YNH
HN_(_\N ﬁ o HN N-—-CH /j HO-(—\ —(\/(
COOH ~ 3 ()J'\N (o] COOH
NH H
Cytomycin Cytosine Deaminohvdroxyblasticidin §
+ +
+
Cytomycin Cytomyvcin
( Deaminohydroxyblasticidin S )}
+ +
Unknown substances Deaminohydroxycyvtomycin

I'ig. 5 Proposed degradation pathway of blasticidin S in the environment.
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D%, BERIL¥IEME, REBERZORNORE,
YFIVTT I F—FRHEBL, L LB EhE
X A EEE (Blasticidin S-deaminase: EC
3.5.4.23) THDHZENPUSL,LE o7, KREFEITE
RIEA 7 VALY FICOBERT 5 A TRKIEV, 20
AFERSIC OV TR ERARHTH S,

DR~ T &7z Be S oREEHIZ I 5 %8 & e
DWTDEENPD, ZORMIERELZK S DX 5 i
SE LT, —RICHESBC RG-S o KN, ik
IGATL TAERRNIGHZZ 0 5 W fE O, KBt
X 55, BIR - Bl X % EEESk, MBI 5k
T, LA To 5BELOFRITX % HELY ZT5
2% IS TER OLNLTRIE WE ORhh T BIkEE
GF) TS LT ZEOBEAR YRRL I TOLOT
5. BeS iE, 4 5xFKE, XU ECHEERT
EHTHEE2LN, BRI RGTREZ T TE
TRHMELTY b v EAL, $RBBCREVCTHE R
REE 7T ADERKICES Z LR, HEREDIC X
5 BeS o (F7i/erfedxr 73200y
S, ¥4 b= A TV) BHMEEINZEAERDENT,
FEACE VTV S 7RAZD XS KFERO R WIEC
Zeffi S iz i fh o A & OFEBIC X » T X Sif#
cGRENLZENELZBNRD,

BeS @A F TR 21BBITH: B X O AERNCEH
WFRLFE TRV LD, B LT VW EEEIh
LEMWT (FLAM A x Ofi#ic 20ppm H#C-Be S %2+
orREAN L, MENTERICEDS Lok) T, Kz
ICW T 5 MUHAER BeS LEL, FOBRY - i
BICDDHBEKS THD. ZORPLYIS X S5 Tl
L7z WC-BeS @ 9% LAEM® 3 # 7 HICHEIEL, ¥
HKiTix 0.02~0.04ppm T 52T v, F2%Kk
FHA LV KR TS LItk o CHREEITXDIC
15~1/6 WA T D2 Eh b, L DORERS IR
LTV HEEXN D, L CTRAEYHEZ, WHE
{CH DB S B 2 CIREBE IR T 5 WREME /P X L,

YRPCETILIRALE LD THMBETHL D, XK
SHEOFHVERTH L LRI,

AMEL T/ DRBSRE

AYEST /v (B3,3-URAFNA-R2 LY
T2/ V) BYIDEHRRIXS CHEWE T =V =AY
VR ZRA e VAZEOYHROMELIAET S 2 ik
HUT, FEKRORHEEEEMBE ORGSR
75, BRERE LCEATAELRDOE LRI
EWMTHBED, TOEBIA T L TEET, KHEEE
H, LA 2=tk LCEIb2 M RESROE
WZETHD., LOBRRKREMOERE LT, EHIORK
BORE ERIE, R XOBITHOENBT LR, 128
—IRVEA&SEE 2z DN T/ 4 FESRKRIZET 5K
ZHDEDFED S T 52020,

1. 1XFLCETFBAMFS T/ OBREEKRB®

AMETT 2 VBRIV CHERTERT O
HAELTHYS EBBREREZ D, XO0MENTHS
LINTWBE®, o, VEHOA x2BEL TSR
Hov Z7xnvRy VT, AR AR E#RLIz MC-
ANFTT 2/ VREAER L, BRBICA 2 RS X
C LB DURRE S i 2 72 (£ 6). ZoXTHL
BEDT, A AR T 5 HHEIASET, TOXRE
SIVIARER - EEIRCHEL, kB IVOEINF
ROMHFEIMETH 572, LHAbEDIT LA EITIER
M Ih 2 WIETEE L, RAECLOA P +v 7 =7 Vi
F o R ENLE o7, ESE R VCEIRIIT
BIFLAMFO 72/ VvOREELBE, THEV-7
v 7 koL AREYE T E O b Il A T R ORI MR
BN T 52 LB 5BDONTZ, T EV-ZrBERALA
JErh @ ETRBYE 2 LB = A EOREICEKR (3,3~ 2
F-4-A b Fo XXk Fr—1) T, {iz3irzi
X 3 A FLVEOREIRS 4, FIOC 4RO A F
ERCFhd bEREEh (9 6; P).

Table 5 Distribution of residual radioactivity in rice grains.

Spray Bc S (*met) Bc S (*cyt)

dpm/mg ppm dpm/mg ppm
Unhulled rice 125.4 2.84 135.9 4.54
Hulled rice 1.05 0.024 1.10 0.036
Polished rice 0.19 0.004 — —_
Chaffs 679.9 15.39 711.6 23.75
‘Washed chaffs 184.3 4.17 — —
Hulled rice/chaffs (w/w) 5.14 4.87
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2. WRCHITEIAIFL 7/ ORBFES
EOICRELILSIT, HC-2 Y227 =) vEikEAKR
LSS, B (130 BH) oficd HiEdicsid
DOIARE (47.9%) PHEET S, Licd - ThHEPTS
JHmEN L CEBEHENADT, KEHECRTS
FEhk 2 Mo E (BRI ERE, KFELE:
KIMR L) ZHVCTRF LcE 25, wWHhoLiRic
BOTH A FFTT =/ VI ELHPITIEEK Lic CRK
W #9910 B). fRE@M E LT A 2 BT BEE L FEER
i, BAR=AAOBEITAERY ML), 3 LA FAED
FRibfk (M3, M5), 3frxFAOFE{bk (M7) 238t
i, BRI 4o A F ik (M2: 3,3~

TAFN-4-L ¥ rFoXIvY T o/V) Thote (E
7). RS AEE 2 EREICII IR LR T 70%, JK

FHET 43% iE L. 2ok QB IE T
AFAEROBDE EHICE LY HCO: DAERPHED L
N, BAFAEREDL QR IEE IR S
KhAPFT7 =/ vEE s ki, Lad lago
7 HCOr DARMBRDSNIZDT, Zd HCO: DL
%, Thbbv VT = VEKROER A F KRR
|k B LR h, —F, KFLETIE, “CO:
DEFIT T T, A X —AMBEREOT AN VE®T
v b VIS (R 7 ) OREBRAFAMKRTDD
ZEmD, 6 ERMBETHLMBELIA T EYT =/ VO
50% 2 7- B HERER B A F AR L LTHEB LTS
Z LMD b,

WA ¥ 7 =/ VRBRERZ R T B iED R BRELS
I DMRBLIZECZA, BEEShMEND > b Bacil-

Table 6 Distribution of radiocarbons in rice plants.

Recovery (%)

Conc. (ppm)

Weight Methoxyphenone
(8) Acetone- V\;ater Un- .
chloroform soluble extracted Total Equiv.  Recovered

Root 40.0 1.08 0.71 3.08 4.87 9.73 1.26
Shoot & Leaf 98.0 0.86 0.07 2.93 3.86 3.15 0.15
Hull 5.0 0.001 0.001 0.010 0.012. 0.19 0
Hulled rice 23.0 0.002 0.001 0.033 0.036 0.13 0
Soil 2,740.0 26.85 0.15 20.87 47.87 1.39 0.58

14C_Methoxyphenone was treated 5 days after transplanting (submerged application).
The plants were kept in the green house for 130 days and harvested.

Table 7 Metabolism of #C-Methoxyphenone in paddy soils under flooded conditions.

Distribution of radiocarbon (

%)

Methanol extracts

Soil Weeks Un
; N 1#CO, Total
Methoxy- M-1 M2 Others  ©Xtrac ted
phenone
1 85.6 2.9 9.6 0.4 2.8 0.5 101.8
Konosu 2 13.1 2.4 70.8 5.0% 4.8 4.2 100.3
4 1.0 t 43.2 6.1 6.1 45.2 100.6
6 0.9 t 25.5 2.0 15.3%¥* 55.0 98.7
1 65.9 5.6 4.4 7.4 14.1 t 97.4
Mito 2 16.5 6.6 43.0 5.6% 25.4 0.2 97.3
4 5.2 t 47.6 5.3 25.9 0.4 84.4
6 1.8 t 43.1 10.8 30.8*¢ 0.7 87.2
* *%
Soil M-3 M-5 M-7 Unknown Soil Alkaline extract  Identified as M—2
Konosu 1.8 0.3 0.1 2.8 Konosu 10.1 6.8
Mito 1.5 0.4 0.4 3.3 Mito 26.8 18.0
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lus CIBT 2 —MEPELVIE®EZRL, ok (M1)
BISt 3K R3gh o) & BRI % 5. % 72,
LKW, HEFOFER#MMTHS 3,3-V 2 F
N-d-e FrdoXvy T /v (AFAE) OKE:
2 ) VERL L OKBERGHY), 0-[2-2F 1-4-(3-2
FHARXVYANL) Te=2A] 74A7 =— b 2EET 5
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Fig. 6 Proposed degradation pathways of Methoxyphenone.

A: Rats, L: Light, M: Microorganisms, P: Plants, S: Soils.
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