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Abstract For microbial production of acetaminophen, a popular analgesic-antipyretic from
aniline, we screened various fungi and bacteria. And we succeeded to some extents in acetam-
inophen production by successful protoplast fusion between S. lividans and S. globisporus and

also between S. rimosus and S. aureofaciens.

However, more fertile results might be brought via performing the cloning of acetanilide
p-hydroxylation genes of Streptomyces in yeast.

This study was initiated to determine whether the acetanilide p-hydroxylase of Sireptomyces
is cytochrome P-450 species or non-heme iron protein species.

The p-hydroxylationactivity on acetanilide in S. aureofaciens ATCC 10762 was found to be

unstable on exposing to the air. However,

100, 000xg supernatant of

the cell free extracts

which were prepared in N, atmosphere showed the p-hydroxylation activity. Characteristic
absorption peak of cytochrome P-450 after reduction with dithionite and addition of CO was
not observed in the region of 450nm. Moreover, metyrapone and 2, 6-dichloroindophenol did
not affect this enzyme activity, but sodium azide, sodium cyanide, cupric sulfate, cadmium
chloride, a,a’-dipyridyl, and o-phenanthroline reduced p-hydroxylase activity considerably.

S. fradiae NRRL 2702 was shown to have strong p-hydroxylation activity in intact cells.
This activity disappeared in its cell free extracts. In its 100,000xg supernatant, however,
characteristic absorption peak of cytochrome P-450 after reduction with dithionite and addition
of CO was observed at 446nm,

Thus, the results herein presented suggest that acetanilide p-hydroxylase of Streptomyces
aureofaciens is not related to cytochrome P-450 and may include non-heme iron protein for its
activity. However, it is not clear whether acetanilide p~hydroxylase in S. fradiae belongs to

the same category of S. aureofaciens.
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Scheme 1—A Possible biotransformation pathway of aniline to acetaminophen in microorganisms
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Cell free extracte] 4] 4 5.4 492 medium

Table I—Composition of sporulation agar slant
medium (ATCC medium 5, SP medium)

Yeast extract 1.0g

Beef exiract 1.0g

Tryptose 2.0g

FeSOq Trace

Dextrose 10.0¢g

Bacto-agar 15.0g

Dist. Water 1000m!}
(pH 7.2)

— R — ——

Table II—Composition of modified Theriault’s
screening medium

Dextrose 50.0g
Soybean flour 3.9¢g,
Yeast extract 5.0¢g
KH,PO, 1.0g
K,HPO, 2.0¢
Agay 20.0g
Dist. Water 1000m!
(pH 7.0



208 A4 A o

. 0]

2 A

22 0.05M <l4tskZd (pH 7. 8)-& AH-&-3H % ot
0.05M <l & buffer: A ZHF=2 0.05M NaH,-
PO,-H,0 &4} ¢, 05M Na,HPO,.12H,0 29
& A% 24 & % 9L A2 Egse pH
7.8% skagih

HiM 7% acetanilide p-hydroxylase&ts &
M8, qureofaciens ATCC 10762, S. fradiae
NRRL 2702, 8. lividans 1326, S. lividans
3131, S. Coelicolor A3(2) B E}ie] FF 18
Zo] 3 acetanilide p-hydroxylased] A&
2 A5,

o] & FFE modified Theriault’s screening
medium 10mlej] 2z AHEF3}eo] 28°C, 180rpm
rotary shakero] A] 484] 7t ] ¢x(S. fradiae:= 72
A7) F, solid acetanilided 500ug/ml = A 7}
3, 5947 o WMeF F 2 gy smlE At
o] 10,000xgell 4 10&7 f4Edt=, =z 4
Ao 3. 6mlE Zsle A A 9 (nitrosonaphthol
sulfonic acid) 0, 4mlE 7}3tx, 20&% E¢F vor-
texingsle] o}A YA LET 4AY 3.6mE A
3}e]]l sodium nitrite g4 (Img/ml) 0.4mlE -}
B Aol 15E7 HAF HF& 49 ¥4
AR E 33359}, WA A E 2-nitroso-1-naph-
thol-4-sulfonic acid 250mg=} trichloroacetic
acid 100mg< 100mle] i Al 831G
o,

S. aureofaciens®} S. fradiae2] p-hydro-
xylase 4 H|m—Shihabi methods] w}z} S.
aureofaciensSt S. fradiae?] acetaminophen A
4 sa¢ vlasg.

S. aureofacienss} S. fradiaed: 7Z+7}+ modified
Theriault’s screening medium 10mls] & ZF3}4
28°C, 180rpm rotary shakerofl. 4] S. aureofaciens
= 4847}, S. fradiae= 72A 7k vl g%, = )
o}l 5mlE fresh modified Theriault’s screening
medium 50mlo] A4 FdF 4847+ ©] W) gFE
solid acetanilide&- 500p¢g/ml #H A 7}stx 0,1,
3,5,9,159 ¢ #2t wi g 5mly #sle] Wiy
4ol A &} & HAAA 23 AR
= 530nmo] A optical density 3 &4 8}31, stan-
dard acetaminophen §H ez FY ZFAE g

Z2 2
Il

240 %

o] AFAL L FH, F IFY acetamin-
ophen A4 %<& A% ¥ st

FAFH| Hj %—Sporulation agar slant medium
o] B3kl S. aureofaciens®t S. fradiaeEd 77t
50ml modified Theriault’s screening mediume]|
A Z3te] 28°C, 180rpm rotary shakere]] 7z
Z+ 484 7y, 7247k o u] v R o] ul k] 50ml
£ 450ml fresh modified Theriault’s screening
mediumel] A4 FstRct. 7247 HEF AL
2} (10, 000rpm, 15%)3l] 77+ wet weight 8g
s} 20ge] FAAE £&% F 0.05M A4 &F
o (pH 7.8) 0.2 23} AH 3} —20°C 5716l
B3 o

Cell Free Extract®] =X —Frozen cell 3g
(wet weight)o] 1g¢] silica gel (0.063~0. 2mm)
< Jletw $e fEo® 30¥7 Zad o
10mle} 0.05M Q1 4} gk3fo] dEbAl A N, gas®™
ZA 3ol 30l A 30x 7+Ho 2 1547 soni-
cation3}o] cell lysateE 4 9l+}.

o] cell lysated 18, 000xgel A 2087k 44
22 3}e] cell debris® A A3, 18,000xg
AN 1A 100,000xgel A 147 A £ 8o
2 ARARE sNo s AEIA . ®

99 RE 23L& 0°C~4°Col A Fatgt

Cell Free Extractiiix] 54 &4 ZHM—
18,000xg A3, 100,000xg 434 100,000
xg pellete] 0.5M 14} & HE) 7 4.8ml
o] 0.05M <QlAF $tZde] <l acetanilide Z3}
£ (5mg/ml) 0.2mig 7} 5miz} HA T F
28°C, 180rpm rotary shakero]A 2447k ¥4
AA, d-HCl2 21438 pH 12 %5 H ethyl
acetate %33l FFIPH. ¥F AANE
methanole] 9l 3 £33 & TLC plateo]
A sz, CHCly: MeOH : HAc=85:15: 1¢]
A7 g A AAMste] UV lampz et
t}A] ferric chloride-ferricyanide W4 Aj<ko =
Ay /‘]7:1 g,c{]_g]_g\;}_ 30)

Agd wgddl da FAYE A%,

Salt fractionation—S. aureofaciens$] 100,
000xg A} o rfs] ammonium sulfate® salt
fractionationg 3}l rh.

J. Pharm. Soc. Korea



£

Streptomyces 4 ¢l Acetanilide p-Hydroxylaseo] =gt o1 299

100,000 x g AN 209, 40%, 60%, 80%
2315 %= % ammonium sulfate B8 443
7¥staL, SEA ] Hg WA AolE g, d9
FE7t TYAAEE F 3087k WA ERA
H 2 A FAct. 0% wWAF 18,000xge0 A
20%7F HA4lE2Bte] 4 fractione] & Wy 8
7 e w0 2 p-hydroxylase &AL A}
A=t

Salt fractionation 222 (°C~4°Coi 4] 33}
ok

Reduced CO difference spectrum2| &% —

Omura 59 ¥4 < W33l 100, 000xg A
Ao o) reduced CO difference spectrum-g &3
Sgheh. o

= A 100, 000xg AA A 3mle] 13#7+ CO gas
% bubblingAy) F & 25834 UVEA L
cello] ¥z, & & UV celloj gt 4%
dithionited Jo] A4 H, &4
A& referencez 3te] 400nm~560nm(EE 600
nm) stelofA F4 peaks A oln)
CO gas formic acid9} concentrated sulfuric
acidg Wl-gA A d& A2 30% F43tE
& SRS THAA FABY AL

dz A¥ oz acetanilide p-hydroxylases}
cytochrome P-450 % monooxygenases}z &

9} sodium
=

A ge

#Z rat liver microsomal fractione] =3
reduced CO difference spectrum-$ &3 3% ch,

Rat liver microsomal fraction®] =Aj& t}
o3 o] B,

oF 150g% = 24 Sprague-Dawley ratZ cer-
vical dislocation & & ¥3le], B4 A7 G387t
254N (1. 15%) 22 7HE AR} 45T
2 AA Az}, Zrekliver volume)?] <F 4] A
%9 1.15% KCl £9.2- 33 Elvehjem tissue
homogenizer 2. 537} homogenizedt 3, 10,000
xgol A 3087 @AEelsta, 10,000xg A3
2 ThA 100,000xgol A 1Az QA ¥t
o] 92 pellet®1.15% KCI &-¢ H=pAA
100, 000xgol A} vhAl 147 A4 3k AlH
s, Ak 1.15% KCL g d=tAA
microsomal fraction© 2 A}-8-3}93 o},

Vol. 82, No. 5, 1988

Inhibition Study—Frozen cell-g&- 0.05M 9]
A stE9ge]  d@Et(lg/3mAA
pone, 20,29 2 g-dichloroin-dophenol, 8,20 sodium
azide, 18,24 cupric
sulfate, 182029 cadmium chloride,?? a,a’-dipyri-
dyl,2439 o-phenanthrol-ine, 2430 & 22+ 107*M
A cell el smlej 7}ekz, 28°C, 180rpm
rotary shakers] 4 447 ou] W kAR H,
Z %7} 200gp/ml7t 5|52 acetanilide H
Feta, HUT z2AAA 48Azk uEAA
&34 H3le L E TLCZ Falsiyt.

& metyra-

sodium cya-nide,*8,2%,24,3D

mn of

o

HEZE} Y nFE

S. aureofaciens2}t S. fradiae2] p-hydro-
xylase &4 H|m—Shihabi methods] =2} S.
aureofaciens, S. fradiae, S. coelicolor, S. lividans
2Z9 xof e 18%Fd] Wi acetanilide p-
hydroxylase 24-& ZAg A%, 54 AT
4% 8. gureofaciens, S. fradiae, S. lividans
13260141 A wh&el F&A o] verEith

o] & Eof B dst S. aureofaciens, S.
lividans 1326-% o 2% 3} v :8}o] Spug/ml o]
3}l acetaminophen Fxof 3| =3tE A xS &
o Aoy, S. fradiaer= 15pg~20pg/mldl &)
Foe AR A HL AL ek

AA Az p-hydroxylase &4 o] & S. fradiae
9} p-hydroxylase®] geneo] plasmide] coding=]
o] gttm AFEE S aureofaciens]®®  p-
hydroxylase &4-& t}A Shihabig} o2 time
studysled Aekd oz wlad Azt Figure 15
2e 23z% 99+

T TF B acetanilideZ 7}g & 59 Aol
product(aceaminophen) ¢}o)
ool AARE obF 2 A
g o]& acetanilide® 718 ¥ 544 &, A
AZ(transfe) . TAAREE TFY 47 F
Aol AdAE Ant AT QA3
ol e},

Cell Free Extractoj i 52 &4 ZHM-S

aureofaciens®) 7%-, 18,000xg A & 100,



300 N A A el 4 o4 )
-

(us/m1)

clé = = X

’E, * s fradi'.ae *

12

5

e

ci 4t X - Lol A N ,.a\ -

(rJ. . aureofaciens 't H 'r ¥ 1".\

: g susestasiens U O

° 2 4 6 8 10 i2 41‘4—
{days)
Incubgtjion time

Fig. 1—Production of Acetaminophen in S. asre- b

" ofaciens and S. fradiae @O0 ©
000xg AAF el 100,000xg pellet & EfEof 3
% FE7} 200pg/ml7l )7 acetanilide 3} &
e Hstelbz, 28°C, 180rpm rotary shaker
oAl 24417 ¥g-& AR A3k 18,000xg 44 x X % ox x
o] 9} 100,000xg AN+ p-hydroxylase & A C'DEFG

A€ HAF 5 %o, 100,000xg pelleto]
& p-hydroxylase &40l gl A& & 4 4R
v} (Figure 2).

9 A+ sonications] N, gas§ A5 FY
P& W 9L Ae® A4z N, gasE A1L31%
o3 10% o] A sonicationdl 79 = Nygast
AH88kA] 9a sonication A 74S 29l AL
ol & & #Ao] vehtA gokeh. N, gas
o ZA ool wet Ea BAe) 2 ol 3
= A o7 Rol, o] acetanilide p-hydroxylase
= Oyl el A=ds] EgAR 549¢ ¢ F
L=

o] &% AAI A3 100,000xg A A&
ammonium sulfate® salt fractionationd}e] p-
hydroxylase &4-8 ZAal A3}, o] fraction
JAE 2 3¢ AT & A, A=
=35 p-hydroxylasesl w9 24 FazE
A7 SuAd E.

=3 100,000%8 AR Qo= FHL 2RO
Bk 100, 000x g pelleto] = F24 FAo) glE
Aoz Bol S aureofaciens®] acetanilide p-
hydroxylasetx= cytosold] ZzA 3= FLusw A

4.

(o

I =

developing solvent
CHCI; : MeOH : HAc=85:15:1

Visualization

50% HzSO4 in MGOH

1% KiFe(CN)g : 1% FeCly=1:1
: 18,000g supernatant (blank)
: 18,000g supernatant (acetanilide)
: standard a: acetanilide

b: acetaminophen

: 100, 000g supernatant (blank)
. 100, 000g supernatant (acetanilide)
: 100, 000g pellet (blank)
: 100, 000g pellet: (acetanilide)

OmEY oWk
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Fig. 3—Reduced carbon monooxide difference
spectrum of rat liver microsomal fraction
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Fig. 6—Detection of p-Hydroxylation Activity in
the Presence of Various Enzyme Inhibitor
in S. aureofaciens
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