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Fr
EERET I VHORENEAEMTHDT =V ixiekl, BH, 85, ERLOFE

FLCHASN TV TEEEMRETH Y, LFERECIVERY 21475~ (PR
) AESRTWS V. ¥, T=Y UBEETHD -7 I 7=/ —ABIUEORE
Kb ERT YR L ORILREORE, BEPLEEOREAOEHRFHESCANENS
EEATESERE Veh Y, MELREEELE L TRERICHM-EHSN Z B TAS
na. =T, ZOX5RLEMOMENSIROITSH Imetabolic fate), D% Y Mkt~
DSBS EA LT L, BRAICB T ZREBLOERERY A 7 VIHZATL T LI
BEREOTMNOEETHS. LrLERE, 7= rB8I 2-7 /) 7=/ —/VESMN
Z DAY S IRIEIEIZ BT 2 B2 E 3D 2.

0TI ) T2 )= NBLOEDAFN, Zan, HLRFVFEED 0 TN ODOF]
SO~ B ERNT = bR B B IO OFEROMADREICE T D RBTHETHS
LARTWS., = haRu¥ B LR Pseudomonas pseudoalcaligenes JS45 #i & B ok
BoOEHRICBW T baXr P U= buEoRxl XL OB HEA R Banberger
rearrangement Z&T 2-7 I /) 7=/ —VEICEBRS L TR#shd » > 7 10, WpFIEE
TIX -7 3 7 x ) —IVE{LAEE Pseudomonas sp. AP-3 ¥RIZBITD 2-7 I/ 7=/ —)V
DB 5T BEEERB L OF ORIG T RO 2D TEORBREZHAL T Lz Y.
RIRBHRISIIER DN 7 23— LD A Z BIZREE (Fig. 6-2(B)) * &LI13RARY, T7I/EN
WEET 2 2 & e NUE VROBARPRILAT v TRA L. ZORBRITBITD key
BERIINRBECTH DL 2T/ 7= /) =N 1L,6-VFF VT —R LT I Ol i
F52-7I ) L2aVBEFT IF—ETHY W, Thb 2 OORERITRERLFATREER
BLOT I/ BEICBNTHT a— L RENCE ST IERREITEESRONZ. UE
DZEMS =T I 7 = ) —VORBERIIBERO N T 2 — 0 A AR L TR Y ZA
BB LS modified meta—cleavage pathway) (Fig. 6-2(A)) &4 L7z '™ 0

Pseudomonas sp. AP-3 ¥, P. pseudoalcaligenes JS45 ¥l 2-7 X /) 7 = /) —/Vv%& 2-
FI )LV 6-EITATE FERT 4&-AFIoso b UERICERTS P W47
F¥nso brigld 2-7 3 72 )=V OERINR A ZHRERBLUANT 32—V DRAS
BZURIR O F BV TR LN AR PRETH D, 4-FFYaso b rEOREHRK
BEWCREE-TWS., DD, -7 3/ 7=/ —LORBRITIT 2- Fedvha g
N FRF—PRLIC 4-FFHuru S —F AT —BIRFE LRV EABERB L
VBB EFOBF L VLN E TS, D%, = e B EAEE Pseusomonas
putida HS12 Bk LN 2-= b u Z B EME (LR Pseudomonas fluorescens KU-T BRIz BIT
HREEEFHEOMBITL 2SN, ZhbOERIEAP-3 R R LIRE#RICT2-TI /7
=) —VEERRBT A ENPEShE O B, L, 2-73I/ 7=/ MR T 5%
L REHRERLT I RSB ORBNCE ST HEEROREIC OV TOFMIRHEILIZ L
AERL, AP-3HRICEITS 2-7 2 ) 7 = ) —ARHRICBVTOLRBIZE G T DBERF



B I OEDEGFHOBETNITOILTWA.

WHZRE T 4-7 3 /-3-t Fu 3 RRAHFRAHE—DORER, ERFEB L= L¥—
B LTAEBTS 4-7 3 /-3-t Rux o REERE{LMEHE Bordetella sp. 10d #R%& 4Rk
L, ¥I5EO_PURHEEEETHD 4-7 3 /-3 Fa X RRER 2,3-VAX VT
— B DS L O ORERRT, BB TRATIC O OWTHE Lz 0. 10dBkiEkD U4 F
3P IREER OB ERECA RSB EER L TR R IFHOBE TH oIz, 473/
-3-t FrX I 2BER (Fig. 0-1, Compound I) IXAHIRICBITAUIRERETH D 4-7 3
J -3t Fe X REERE L2 -UAX VST Bl Lo TRV BEVROMRERT, 2-7 3
J-5-HAEFL LA LE 6~ I TAFE K (Fig. 0-1, Compound IT) ~EZEHEn 5 19,
LU, in vitrolZB WIS 2-7 2 ) 5- AN ARF T La L FE 6-EIT )V
Fp RR2,5-YY PP HRVEE (Fig. 0-1, Compound ITT) IZEHEN 7= 19, i
TI)RIEEEST -7 3/ 5-AARFI LI UEE 6T AT FUBERORBSRIZIHL
T2 TR,

T, ABFETIX 4-T 3 /-3-t Fux R BEIRE(LIER Bordetella sp. 10d FRIZ
B ARMBIEBONTRUE VBB, BT 3 RG2S 0RE BERR AL MIT
BT LEABEMELE. £F, 473 /-3t FeX o REFEBRIICHEETIBERTHRR
L=, &5ic, R UFBEHEOBIE X ORI 21TV, RISHEIEOT 21T >72. R
Wi L UBRROMTIC LV AEIIRBITD 4-73/-3-k N ¥ &2 BEBRHRRE Z
522 L, BEMoOSERLAMREICEE T AEBERS LONRBEROLRZITo 7.

AL, Fih, B1ENLE6E, RIBICLVEREIND. # 1 ETIX Bordetellasp.
10d BRICIB W T ARBEMNERET S 4-7 2 /-3-t Fax P ZEEBRAHICES T 2BH#R DR
TITHONWTHRARB. 8 2 B~ 5 2 T3 R U2 FE kB S O o AFEER OAFHR & KT,
(SR L DB ST 5. 556 ETHARICHIT 5 47 /-3t Fu ¥ REER
RIoBIT D ERERHEDEREL, £ 2 =EhbH 5 FTH LIS LR L UM R
%% L, Bordetella sp. 10d BEIZ31F 5 4-7 2 /-3-t Fu X U EZRGFEHRAHREIC OV
Tk, BEHOEEFRLADRIRE L OLEEIT ), BREICRIECBVWTRAMICESE
T5.
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Fig. 0-1. Proposed pathway of 4-amino-3-hydroxybenzoate metabolism in Bordetella sp.

strain 10d.
Proposedpathway<Jf4—amino—3-hydroxybenzoicacidixlﬁbrdbtellasp.strainlOd“”.

I, 4-amino-3-hydroxybenzoic acid; II, 2-amino-5-carboxymuconic 6-semialdehyde; III,

2, 5—pyridinedicarboxylic acid.



451 ¥ Bordetella sp. 10d 18T 5 4-7 2 /-3-t Fux U REERRNRH - BE5R
DFEMT

w1E
WIFERIZEBWNT 4-7 2 /-3~ FoXx L ZAFRLZE—DORER, EFRTEB LU=
FNVE-FE L TEBTTS 4-7 3 /-3-t Fux U REFME(LIER Bordetella sp.
10d B2 L v DBELZ 19, REICBWT 4-7 2 /-3-t Nax o ZRBERRIL, 135
BEETHD 4-7 2 /-3~ FuF L REERE 2,3-V4F V7 F—BIltl o B U8
DEEIE DT, -7 I )-5-HARF L AaLVE 6-EITATE NICERShS 9.
Lo L, ZRLBEORE - BEERIIVELH O TIERY. AETIH2-7I /-5
RELLIVEE 6-EITAFE RUBRORINCEE T IBHEROMRELZENL T .
4-7 3 )-3-b Fo ¥ R BEREMTHEE L CERER L v SRR 2 R
L, 473 /-3-t FnX REFRE ORGEITV, SHEFHELI Y RNRH#ERZ
HETS. T2, BHOFEFELLEMORMR LV HEESNIRHPREZERTL L
TRISET, 473 /-3- FuX  REERABICHEETIMERLIEETD. &
BT, iRt L LT 4-T X /-3-k Fu XU RRBEBREZTM LRV EEERIEHICT
e L OB E A L 0 SRR R VT, S Le BESR O EERHE S I 52NN
T5.

ot 4-7 3 /-3-t Mok REBRYMEESR DM
<FE>
1. 4-73/-3-t Fux ZREBIEEHTORE

() ®EX7 bORER

Me— DR R, EEE, —RAF—JFEE LT 0.12% (w/v) 473 /-3-k FaFxii
AR (bR T, HR) 23t E {5 (Table 1-1) #BV\T Bordetellasp. 10d

A 30°CT 3 BRIEEL, MEE Lz, ABIOBRIA— M L—TICThilx i
B L, CTIBEREEREE AV TRE L.
(2) PR
6.7 ml @ 0.12% (w/v) 4-7 3 /-3-t Fux I LBEMRIEEE (Table 1-1) 2
(1) OFEE XY Bordetella sp. 10d #% 1 A&EHE L, 30°CT 24 BefiiR L D 1%
{17, :
() AHEE
(2) TELNEERK 250 1% (w/v) BEXFAE2EL0.12% W/v) 473/
-3-b Fo¥x e a5 H 400 ml (3 L RE 7 F X2, Table 1-1) (ZEREL, F”
5226 AZENT, 30°CT 16 BRIIEELEE L. B0 (8,000Xe 1043) IZ&
D EREER L, 0.8% (w/v) NaCl T 2 [EHEH Ltk - 20CTRIF L.



2.

Table 1-1. 4-Amino-3-hydroxybenzoic acid medium for Bordetella sp. 10d.

A) Buffer solution (100 ml, pH 6. 8)

KH,PO, ‘ 0.45 ¢
Na HPO, - 12H,0 1.80 g
NaCl - 0.10 g
Yeast extract 0.04 ¢
Agar 3.00 ¢

B) Metal solution (30 ml)

MgS0,- TH,0 0.10 g
CaCl,*2H,0 0.10 mg
CuS0, * 5H,0 0.10 mg
ZnCl, 0.10 mg
FeS0,- TH,0 0.10 mg

C) -Substrate solution
(70 ml, pH 6.8)

4-Amino-3-hydroy benzoic acid 0.24 ¢

Na,HPO, - 12H,0 0.60 g

4-7 X )-3-t FuxTREAEBREZEE L LROBRRN

WSRO, B L ORESEICHIT 5T TOBET ACUF T2/, &
ISBEIZ AT, 13,000X g, 10 D& METITo 7.
(1) EHRashiHE OFER

BEE1 ¢HY 10 ml © 20 oM Tris-HC1 FEEH (pH 8.0, BAT buffer A) ZMAT
8%9E7%%, KUBOTA model 201 M Isonator (7 A& g, H) %AW THAMRER (10 nl)
% 180 W, 50T 2 ERSHAR L. BoNMRE RO L, EiFEZ SN
HikeE L.
(2) BREERBME

SEMRARHHIRIC, 20% (w/v) BREBA b U hvA O UIRIREIREED 1% (w/v) Lig
BE O LARDIRM LK. 30 SFEHE L2tk BOSHHC LY B LR ERR
%, LBiERBE.



(3) ERESH
(2) OEERMEICER LI-FEE 3B% 825 L) IKERLRNLMA T, RNk

30 SFIBR L, BOSBHC LY oy OBEEBRE L. BN LIEICHIREE 5%
I L 25 X DTNz, 30 AfiBs IR OABRC X W IR AR EIR L7e. TEE % buffer
A2 ml ICIEfEL, HBERIRE L7z
(4) 4-7 /-3t FuxI Rl L HBERKE ORI

Table 1-2 IR LRI & A, 24°CT 10 SRS ZITo T, BRES TR ORBER
BERRMT S 2 Lok VEBEERIS 2B U, RUSBATE, 2 4538 EIZRISHD 200~500
o 2B BIL 227k LDZE{L % Beckman DU 650 43t )EEER (Beckman Coulter, Inc.,
Fullerton, CA) ZMWTHE L. £0%, BERIGIRICS mi NADYAIE 0. 1 ml Z 7§
L, 2B ITRILARZ bVOZELERIE L.

Table 1-2. Reaction mixture for enzyme assay.

100 mM Sodium-potassium phosphate (pH 7.5) 2.90 ml
5 mM 4-Amino-3-hydroxybenzoic acid 0.10 ml
Enzyme 0.10 ml

Total 3.10 ml

3. -t Fufxiharvi 6-kIT7ATFE FEREL LIEBROBERRIG
<FE>
(1) 2-b FaXiravig e-kITATE FOERK
IRESDHHEICHEN D, 7=V L E{btE Pseudomonas sp. AW-2 BREISRED +Z VAR
VU RER YO MEDKIEE R A TRL, T a—L kY 2-b Fexihalig 687
LTFe REFR L. F0FEZUTIORT.
(i) FWEEAZ v MOREE
FAME RN U7 LB BEAESH (Table 1-3) IZ Y2 Bk UV Em— VR by 7 IREZE
HL,30°CT 1 ARG, Fhic= n=—2ROBBEERAERE L.
(ii) AR
[ LB j{kts (5.7 ml/tube) 12 (1) OFRROFARKEH LMD 2~3 2 u=—2F{
L, 30°CT 24 REEEZIT 7.
(iii) AR
Y2 BRSO HIMERK % Table 1-4 IZ5RT. A (50 ml1/500 ml @/L~) & CiR
A — b2 L—FICCRHIZ ICEE L. B, D, E, FiKIZZNENIRBIRELEEZ AV
CHRE L7, B 80 ml iz LCCiK (4.8 ml), D& (4.8 ml), E¥& (4.8 ml), Fil
(0.96ml) ZMZTRAL, FEAK10n 23y AWK HELE. (i) T



BHNT- BT 5 nl 2AGSEEH (7522 44K) [CEEEL, 30°CT 16 BRRES
FL7-. ELSEE (8,000Xg, 104Y) ICXVEEEEIRL, 0.8% (w/v) NaCl IFET
2 EEE L. BONIHEEEZEY0.8% (w/v) NaCl IERIC THEL (ODgg) 23 6~8 &
RBEEICEBL, HEARO-ODOKRIEHEEFEE L THWE.
(iv) RIEEEZ AWz 2-E Fexdaa Vi 6-EIT7 Tk FOEK

0.02% (w/v) OHT a—L (FdeHisk, KBR) % &de 50 md Tris—HCI $REHE (pH 8. 8)
100 ml 125 L C&JBiAE (0.01% (w/v) MgSO, » TH,0, 0.001% (w/v) CaCl, - 2H;,0, 0.01%

(w/v) FeCl,+ 6H,0) % 0.5 ml FML, RISHOEE (17.5X130 mm) (2 1.5 ml §°257
BLT. Z0%, IKIEERBEREE 0.3 nl THOHEML, 30C, 150 rpm T 45 SR E 5
L7, BOEE (13,000Xg, 10 4Y) LV EifkERE, 2-k Fafdbhafig 6-k3
FAFE NEREE-. FERE 100 M VA Y U AT b Y U LEER (1 7.5) 2
T 375 nm I DBBEEAS 1.2~1. 3 (VAR [4. 4X 101 225 0. 027 md~0. 030
MIZHNTS.) EARBEIRHRT D LIk v EEEBE L.

Table 1-3. LB medium for strain Y-2.

Polypepton 1.0 g
Yeast extract 0.5 ¢
NaCl 1.0 g
0.1% (w/v) Streptomycin sulfate solution 0.15 ml
0.01% (w/v) Neomycin sulfate solution 0.03 ml
Agar 1.5 g
H,0 (pH 6.8~pH 7.1) 100 ml




Table 1-4. Medium for 2-hydroxymuconic 6-semialdehyde production by strain Y-2.

A) Sodium succinate solution (400 ml, pH 6.5)

Succinic acid disodium salt 4.80 ¢
Urea 0.048 ¢
Meat extract 0.48 ¢
H,0 400 ml

B) Substrate solution (80 ml)

Anilium chloride 0.48 g
MgS0, - TH,0 0.048 g
CaCl,* 2H,0 0.48 g
K,HPO, 0.895 g
KH,PO, ' 0.523 g
H,0 80 ml

C) Metal solution (4.8 ml)
FeCl,- 6H,0 0.048 ¢
H,0 100 ml

D) Vitamin solution (4.8 ml)

Biotin 0.1 mg
p-Aminobenzoic acid 10 mg
Riboflavin 10 mg
Calcium pantothenate 20 mg
Nicotinic acid 20 mg
Pyridoxine hydrochloride 20 mg
Tiamine hydrochloride 20 mg
Inositol 20 mg
H;0 ' 100 ml
E) 0.1% (w/v) Streptomycin sulfate | 4.8 ml
F) 0.05% (w/v) Neomycin sulfate 0.96 ml




(2) 2-t Fexihavg 6-kIT7TNATE FLERRMHEK L ORIS

Table 1-5 IoR L= FRIEZ B, 24 CTRIGEITo7. 7, 2-b Frd v havig
6-t I TAT b FESORINRICEMBRMHTRE M TRIGEMRIE L. 3 7351
NAD*ZFAN L7=. 375 nm \o361F BWSLEDZ L% AL U-2000 & 7L E— L3 EE
2b (BSZEUERT, B 2AVWTHEELRE. v ho—VEERRO»D D ITKEZERAW
7-.

Table 1-5. Reaction mixture for enzyme assay.

100 mM Sodium-potassium phosphate buffer (pH 7. 5) 2.80 ml

5 mM NAD* 0.10 ml

0.88 mM 2-Hydroxymuconic 6-semialdehyde 0.10 ml

Enzyme 0.05 ml

Total ' 3.05 ml
<HER>

4-7 3 ) -3-b Fu$ o wAERETHER L TE OBk L AR U/OHEBERIK
&ﬁmmm*%mﬁée %E(&7~/<%tbu%yﬁﬁé&)m%mzmnmh;
1294 nm iz BT AWML EDOHD & & HIz 3756 nm ik AR ENMM L7 (Fig. 1-1
). éB_ﬁm%lo YT 7243 375 nm &W&rﬁmA%ié% EHmENDSZ
&&<,§%Ltiif%ot.Hké%iﬁtt%%”>_%tbu%vbn/@ﬁ—
¥ITAFE ROERICLALDOTHDETFRLEZ. £IT, MEBERELRISERIZHEN
+5 2 L CUBRORBESZEROBREZIT R o2, KINRIZ NAD'ZIRINY 5 &, NAD'OET
% L3 340 nm DIEEEE DRI & & H 12 375 mm i2B T AWAREOBL N R 6Nz (Fig.
kl@ﬂ.odmf,%tFD%VA:V&&ﬂwTWTtb%ﬁT:—wiD%%&
CTHERL, REL LTEERGZ T, RISRICEMiHiRO» 2 Em L1cS
XD 375 m 2B AR O olz. LAL, RISHSE 3 S1&IC MW%
W5 & FRC 375 nn 2B BRIROBA B R oz (Fig. 1-2).
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Fig. 1-1. Absorption spectra of the reaction products from 4-amino—-3-hydroxybenzoic
acid in an assay with crude extract.

(A) The reaction mixture consisted of 2.9 ml of 100 mM sodium-potassium phosphate
buffer (pH 7.5), 0.1 ml of 5 mM 4-amino-3-hydroxy benzoic acid, and 0.05 ml of the
crude extract (35-75% ammonia sulfate saturation) (61 mg-ml™). The reaction was
started by adding the enzyme solution. After incubation at 24°C the sample was scanned
with a spectrophotometer and spectra were recorded every 2 min. (B) After 10 min

incubation, 0.1 ml of 5 mM NAD* was added to the reaction mixture.

10
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Fig. 1-2. Conversion of 2-hydroxymuconic 6-semialdehyde by cell extracts of
Bordetella sp. 10d in the absence (a) and the presence of NAD* (b).

The reaction mixture contained 2. 65 ml of 100 mM sodium—potassium phosphate buffer
(pH 7.5), 0.15ml of crude extract (11.8mg-ml™), and 0. 1 ml of 0. 88 mM 2-hydroxymuconic
6-semialdehyde. The reaction was started by the addition of crude extract. (a) After
3-min incubation, 0.1 ml of 5mM NAD* was added. (b) The absorbance was measured on

a Hitachi U-2000 spectrophotometer.

11



EIE 4-7 I /-3-t FuX T RRERMOMREFROEERE
<FHE>
4-7 2 /-3t FuFx o RAFHBEHICI T DARFHOEHILE 2 i TR~ HEC)E - 7.
¥7-, 4-7 3 )-3-t FuF RBERORDYVICRERE LTans/iir ) vLABX
VS )va—=R, #HRE LTNHNO, 25 detf il CRE 2R L.
1.  anJZg-sia—REMToRE
(1) ®EEHRZ v O
Bordetella sp. 10d #:% Table 1-6 2R L7 1% (w/v) PRTFAEGLRITAT
b (pH 6.8) T30°C, 1 AiEEL, FEEE L.
(2) HifEEE
4-7 I /-3t Fux v BREBOMRDVICRERE LT1% W) ansBgzr- Y
WA (FHTAFRZ, BHR) BLIO1% (w/v) Zrva—R (FksigE, Kik), E350K
L LT 0.04% (w/v) NHNO, (BB{LE, HR) &L (Table 1-7) 12 (1) @
HMEiAsy bbb 1 BE&EME L, 30°CT 12 FRESE 21T o 7.
(3) AHEE
(2) THEBLNT-EEERIK 25 nl TR & [F AR OFFH 400 ml (8 LIRET T
Z )R L, R 7 T A= 2 A% VT, 30°C T 12 R iREEEE L. &0 BE (8, 000
Xg 104y) KXV HEEEZEIRL, 0.8% (w/v) NaCl JIRT 2 BI¥EH L7zt&, -20C
THRFLT.
(4) SRk ORE
SR R ORI 2 Hh o Tk o Tz,

Table 1-6. Nutrient medium.

Polypepton " 1.0 g
Meat extract 0.5 ¢
NaCl 0.5 ¢
Agar 1.b g
H,0 (pH 6.8~7.1) 100 ml

12



Table 1-7. Glucose-succinate medium for Bordetella sp. 10d.

A) Substrate solution (170 ml, pH 6.8)

D-Glucose 2.0 g
Succinic acid disodium salt 2.0 g
NH,NO4 0.08 g
NaCl 0.10 g
Yeast extract 0.04 ¢
KH,PO, . 0.45 g
Na,HPO,* 12H,0 2.40 g
H,0 170 ml

B) Metal solution (30 ml)

MgSO0,- TH,0 ’ ' 0.10 g

CaCl,- 2H,0 0.10 mg

CuS0,+5H,0 0.10 mg

ZnCl, 0.10 mg

FeS0, 7H,0 0.10 mg

H,0 30 ml
2. EHEBHIE

RMBEFE RO DT DI LI EE O ERIEZTRY.
(1) 2-73I/-5-t FuxibavEg 6-EITLTE FOER
4-7 I -3t FuF o RAERLEMOBHLEZ -7/ -3-t FeXx P REFR
2,3-UFFLFF—E O FRMLTEEEESZ L TR L, FEMIEEREEICT
B,
(2) 2-bFRuxiihalige-EITNVTE FOFK
2-t R ¥ Aavlg 6 I 7T ROGRIZE 2 fi TR~ 7B 72 19,
(3) 2-EFuFTAarBOARK
(i) 2-t FuxvhaVvBPzFLORK
Wiley HOFEIC LIzl o72 2, 100 ml FABT TR alZKBHH T FNT—T
50 ml EAR, FRUTAT RS N3 4gbva V@I NT.3 g ZMATH
B BAORCZFAZa MBS T g NG, ERMHAGERTART 720
IR L, SBICHEBAET . BAENSEE (BE) Mooy LA—RR ]
@) LRBETRISEFET . B3 AEaE AV TARMT—7 M TRRIGOLED

13



PAREERE -t FaFihar@BooFL) Zadlk. RRKGEDFT ) v LAt
¥ RENMRETHED, ARIC 5 nl OFRPE=F ) —VEMABELZE L. R&515
BEAAWCELNEEZ AN —F IS TEEH L. ANROEEE & bICHET Y
br—H—NTHRF L.
(ii) 2~ RFoxTrhars@BozFiroitiik
(1) T/ LI 2-t RaF i ha P L0.472 g 2 sk THER, 30% (w/v)
AEEEF B Y 7 LKERE 2 ml MATHEEL, BRT3KHEA v Fa—FLE 2
SWCREEEEZ 100 mM U VY Y v aF R Y o LREEKR (pH 7.5) 12T 295 nm (281
BRNEEMN 1.2~1.3 2725 L HIHIR (36001%) T5HZ &ICkVEERK (2-t Fu
X ha UERIR) & Lis. F{EAITRERP CHBERMICT b - =/ — ke LT
YT Bl R & L.
(4) 4+Fx¥urobrBOERK
A-FFHuarno bt FaxiaarmBoy METHD (Fig 6-1). (3) 1%
W 2-b FaF v ha VY Fae it Afbk, 100 i Tris-HCl #RE#K (ol 8,0) 12T
L. 2-b FuXiha U BERKRE Lz, RERE=ZERT 30 2A rFa~—HL,
bk e x ) —VEATRIKRE Ui, BEETEMERIEEANC 100 mM Tris-HC1 #RE L (oH 8, 0)
I TRESEEY a4 %V u s b BHERD 235 nn BT 2WOEEEN 1.2~1.3 &7
BrolcmRL, EEERE L.
(6) 2-FF YRV b4 UEBOER
Collinsworth &MFIEICHEN 2, 100 ml A7 T ZA=i2 100 md Y EEH U 7 LT b
Y NEEE (pHS8.5) 27ml, DL-7 Y A2 Yy (1.5mgml™) 1ml, #&T7—F (2.0
mgeml™) 0.3 ml, L-7 I /@A FTHF—F¥ (2.0 mg-ml™, e =TV R voFTy
2%y, B 2ml 2%, 25°CT 30 M ¥ a—hLiz. DWW CREEZ 100 mM
UUEEH Y AF R Y 7 AEEHR (pH 8.5) 27T 265 nm IZIIF DRILER 1.2~1.3 &
BBEEIIHRL, HERK C-Fx Y b4 UBEKR) L.
3. BERIEHRIEE
N ENOBEEEMEREEICOVWTUTIIRY. 7ok, WEEEZ 7 H 1 ng Hic
DD unit HTRE L. 4-FFHFura b iy —4 257 —EiEHEDZ Beckman DU 650
A FeFES (Beckman Coulter, Inc., Fullerton, CA) Z MW, M OEEZTEMEIZ DWW T
IZH ST U-1100 405 EEst (A SCRUERT, Hm) #AVWTHIEL, E&ELZ.
(1) 473I/-3-t Fux REER 2,3-VAx /T —8
T4 519 [ZFEV, Table 1-8 \OR L2 RIGIRIC T 24°CT 10 SRS 21T 7. BERIR
PRMT B LIV RISEBME L, BERERIIEE -7 2 /-3t Fuex v REER)
D 294 nm \Z BT BBNOBOEFREL, ERELE. 100md Y BT I ULIIY
MEEWE H 7.5,) 2B A 4-7 3 /-3-k Fudx v EREBOENILMAEIT 7. 53X
10° T o7= 19, ABEFE 1 unit IF, 24°CT14RIC 1umol D 4-7 I/ -3-k FaF &
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BERE 1 pnol OFERRUSEEMCERT 2BREL ERLL.

Table 1-8. Reaction mixture for 4-amino—-3-hydroxybenzoate 2, 3-dioxygenase assay.

100 mM Sodium-potassium phosphate (pH 7.5) 2.90 ml
5 mM 4-Amino—3-hydroxybenzoic acid 0.10 ml
Enzyme 0.10 ml

Total 3.10 ml

(@ 2-73I/-5-t Faxvhavi 6-EIT7AFE RN F7TIS—F
FIE M B ORESLITE 2 BT TR~ 3 9, Table 1-9 IZ7R Lo UG Z VY, 24CT
10 RIS 21Fo7-. 4-7 3 /-3-t FaX U REERZ S UORIGRICHHRIE 2 Ik,
AR LT 4-7 3 ) -3-k Fu X REERE 2,3-VAF ST —E 9 (0.08uit) &
WL, BEERISHEEE L. BERIEMEIIMERRISEEMBRD 375 mn (2B 2BIRD
HMEREL, EELZ. 100 M Y UEEF RY UL Y U AREIR (H 7.5) 18T D
EE3E AR EE M DB VR AR ERIE 4. 4 X 10 ThH o 72 9. Z o L EARFEFH Lunit i3, 24°C
BT 1 S 1 pmol @ 2-7 2/ -5-HARF T A VEE 6-EIT AT E Kb
lpmol @ 2-t Fu¥s bz 6 IT7 VT FICRMRT HRRAL EH LY.

Table 1-9. Reaction mixture for 2-amino—5-carboxymuconic 6-semialdehyde deaminase

assay.
100 mM Sodium-potassium phosphate (pH 7.5) 2.90 ml
5 mM 4-Amino-3-hydroxybenzoic acid 0.10 ml
0.08 U 4-Amino-3-hydroxybenzoate 2, 3—dioxygenase 0.10 ml
Enzyme 0.10 ml
Total 3.20 ml

(38) 2-tFRoFiihavig 6-kI7AFEF Fekkaiir—E
Table 1-10 {25 L7 SR 2 VY, 24°CT 10 HERIS 21T o7z, BERREZEHIML, K
ToABNE LT, BEREMEIEEE - Fuxoaa v 6~ I7 47t F) HED 375 mm
BT ARNOBSZHEL, EELE. 100 M VBT Y UL Y U AEEIR (oH
7.5) BIFB -t Ruxiharf 6-EITAT & FOENVENHREIT 4. 4X10°TH
o719, AEEFE 1 unit iE, NADHEFETIZT24CT 1 43fIZ Lpmol @ 2-& R X A=
VR 6~ I T AT FE 1 pmol OBERRUSEEMIC BT DBERELER L.
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Table 1-10. Reaction mixture for 2-hydroxymuconic 6-semialdehyde dehydrogenase assay.

100 mM Sodium-potassium phosphate (pH 7.5) 2.80 ml
5 mM NAD' 0.10 ml
0.88 mM 2-Hydroxymuconic 6-semialdehyde 0.10 ml
Enzyme 0.05 ml

Total 3.05 ml

(4) 2-bFuxihavEg 6e-EITALTER N Fui—E
Table 1-10 {255 L= KIS OMERRIZIBVT, NAD'OH 0V IZ 100 md U EEA U U A
U ARG (oH 7.5) FEEIRML, 24°CT 10 SRS EIT o7z, BRKRZHINT
B LIc kY RISEBIA L. BERERIEEE -t FeXvhavE 6-EIT7ATE
R) HESED 375 nm 21T AN OBAOEZREL, FELE. 2-t Faxi ha 6
T ITAFE RICBIT B EVIEEREIATERD L 80 TH D, AEEFE 1 mit iE, 24CT
13RI Tumol @ 2-t FuF L Az 6~ I7/VT E F& 1 pmol OEERRIGAEEY
CEMT BEERE L ER L.
(6) 4FAxYuru bl F—FAT—E
Table 1-11 {25k LI RISIEE VY, 24°CT 10 HRIRIGEIT 72, BERIREZTRINT D Z
MICE RIS EBEE L. BERIEMIIEE (-t FueXx i aaUfR) HEERO 295 mmill
FARINOBOEREL, EELE. 100mM Y A ) U AT FY U LEERKR (pH 7.5)
ICBIT B 2-b RaFo halBoE LB REIT 2. 41 X100 Th o7z 2. AFEFE 1 unit
13, 24°CC 1 49T 1 pmol @ 2-t K ¥+ A3V EE% | unol OREREISEREMICERT
DEEFRLEEREL.

Table 1-11. Reaction mixture for 4-oxalocrotonate tautomerase assay.

0. 055 mM 2-Hydroxymuconic acid solution a) 3.00 ml
Enzyme 0.03 ml
Total 3.03 ml

a) in 100 mM Sodium-potassium phosphate buffer (pH 7.0)
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(6) 4-FAXVurubh i FIVRFVIT—E

Table 1-12 IZ7R L= RIS 2 VY, 24°CT 10 RIS 21T o7, BEREETRMT 52
IRV RIS EBA L. BEEEMEIIRE @-A¥Y e s o b g HED 235 ik
BB OB FE L, FEELUE. 100 nM Tris-HC1 B (pH 8.0) 123135 4-74
F¥Horo b BT AREIL 6. 58X 10° Tho7= . AEEFE | unit iX, Mg® HFF
TI2T 24°CT 1 AR 1 pmol D 4-FFH o u b UEEE 1 pmol OEERUSEEMICE
BT rBRE L ER L.

Table 1-12. Reaction mixture for 4-oxalocrotonate decarboxylase assay.

0.19 mM 4-Oxalocrotonic acid solution ® 2.70 ml
3 mM MgS0,-7H,0 0.30 ml
Enzyme 0.01 ml

Total 3.01 ml

a) in 100 mM Tris-HCl buffer (pH 8.0)

(1 2-FF IR b4 N, FT7H—F

Table 1-13 {25k L7=RUSIR 2 FVY, 24°CT 10 RIS E{To7T. BERIRZRINT S Z
LIS VRIS FBE L. BEREMEIIEE @-AF YRy b4-T ) B3RO 265 mn
BT ARNOBLEZHEL, BELE. 100mM YV Eh Y AT MY U ARERK (o
8.5) 12T B 2-FF Vy h4-T U EEDENMEIAREIT 1. 0X10* TH o7z 2. KEER
1 unit 1%, Mg® HEFTIZT 24°CT1 SRS 1 pmol D 2-F4F VR b-4-T % 1 pmol
DEEERICEED I CERT 2B FRELERLEL.

Table 1-13. Reaction mixture for 2-oxopent—4-enoate hydratase assay.

0.14 mM 2-Oxopent—4-enoic acid solution 2 2.70 ml
3 mM MgSO,-7H,0 0.30 ml
Enzyme - 0.01 ml

Total 3.01 ml

a) in 100 mM Sodium-potassium phosphate buffer (pH 8.5)

3. FUNRIBEDEER
BN B I Lowry IE IV ERE L. EEZ VAR EE L THEMETANT I
iz,
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<FEHE>

Table 1-14. Analysis of 4-amino-3-hydroxybenzoate-metabolizing enzymes from

Bordetella sp. 10d.

Growth substrate

Enzyme
. . . . . -1 — 3 — _—
(Specific activity (U-mg™)) 4-Amino ? hyd?oxy Sodium succinate
benzoic acid
1: 4—Am1no—3—hydr?xy— 0. 083 0
benzoate 2, 3-dioxygenase
2: 2-Amino-5—carboxymuconic
. 005
6-semialdehyde deaminase 0.0 0
3: 2-Hydroxymuconic 0.011 0. 007
6-semialdehyde dehydrogenase ’ )
4: 2-Hydroxymuconic 0 0
6-semialdehyde hydrolase
5: 4-Oxalocrotonate tautomerase 0. 580 0. 053
6: 4-Oxalocrotonate decarboxylase 0. 081 0
7: 2-Oxopent—4-enoate hydratase 0. 103 0. 063

&7i/&tFu%Vﬁééﬁﬁiwnﬂ&%ﬁ%a—z%ﬂf%%Lfﬁk%w
NOZFNFREMEMER AN L, HE L2 REH kT 2EEREE 2R~/ (Table
1-14). 4-7 2 /-3-t Fo ¥ % BRMBEM TS U R EEOEMMMHTY 4-7
I /-3-b Rax i ZRERYST 6 MEOREICK L THEREELR L. (Table
1-14). L L, [FEEEMEIET NADERMTIZ 2- FuF v aa @ 6-EIT7 A7 FiZ
LT ERE TS ohol., any -7 N a—AEHM T L THIEER bR
L7 ST, e ¥ e o bUoBBI U 2-AF YRy b4 UBRIZTEN LT
bEnicEEZ TR UL bOOMOEEICK L Ta EEZ RS 2ol
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Fai BERLEE
4-7 3 )-3-b Fu XL BEREEMIIZ T Bordetella sp. 10d HRZEHFE L, Fohiz
Eifk k0 Sl R S, 4-7 3/ -3-k R X U REER E ORIISEITIE
7. BEERISEICBIT AW AR MLOBLEFERE DS, FEORBD L L HITH
P RGN DI L ZOMERBE SN, ABED 47 I/ -3~k FaX I ZEERR
MAICBNT, TTRBERSCYVRBREES 473/ -3-t FrXZEFR 2,3-
AR A F—BIZL VR UBROBREZT, -7 I /)5 AIARF AR 6-
ZITAFE RERBILEHRAE 9, LoT, BRART MOZE{LDHAHE Ol
FaRhAERICIE, 2-T7 2 /5 AARF LA aVEE 62 ITATE FESHIZRBTD
BEZNSEND ETFHRINE. 22T, BROFFRLEEMRBMBBLVIEEIND
RBPRIEEEE L UTEBERISZITY, RECEETIBERRZMTL, 47 3 /-3-
b Fed o REER 2, 3-U4F L/ —ELsNe, 6 FEOBEEZ R Z LAk
KEOWEEE L 4-7 3 /-3-t Fux P ZEER & OBRRIEEITY, BRRISHIZE
F AR AT OB E TR E TS, HEOBA L & HIT 375 nm ITHEREILZ 7R
FEAMOERHMAR LN Fig. 1-Q). BARNERB LOZOMKY bER LICE
BRSSO EMIC 2~ Rex i ha vl 6-EITATE FTHHLETHEL
W 2T BREECLVFERLE -t Fedvaari e IT AT FeREEL
LI-BEERIG BT oo, ERREHHIE O & % F U2 ISR TR EEBEEO 375 nm {2
BT ABVIER LN oT2. 2T, RIGRICNADZRHMLIZE 25 375 nm 28T 5
WU OB AR SNz (Fig. 1-2). 20 I &HbAEHOEMIaR TR FIZIE NAD R 1FA
D2-b Fu¥xhari -k I7 LT FRSBEEOHRNFET D Z LRI NT.
4-7 3 ) -3-t R X o2 BEHEH TR U CRIEEE L oy ii-7 )0 a— A
THE L CBREED b TR BN SIS R AR L, BEROFERLEHORHR
X0 HEE SN ARETRREICT AEME T, 4-7 2/ -3-k N ¥ U REFEH
T L CE - Wk o S iitinE, N U RIRBEREEOIENICRE TR D
F7 IF—F 19 BEUBERON T 3 —LD A ¥ BEHERE CH< 5 EROBRROEEZ
BT, —F, I -7V a— AT U CE - ik o Effaih b b 8o
BETEME R LIS, FOEMEIHEN -7, LoT, RHELAEZ4-TI/-3-k FaXxi %
BEBRBCEE T IBRRIIFENICESRIND EER L.
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# 9% PBordetella sp. 10d DAEFET S 2-T I /) -5-ANHFEX L LR 6-E 3 TIT
t F F7 IF—F Ok X UGRHERIT

BLIE
H 0BT 4-7 3 /-3t Fux L BEERE 2,3-V4F 27— 19 ORERETEM
+239-73I ) 5-HARFVLAIVEE 68 I T T b ROMREEE (2-7 2/ -5- I NVERF
S AhaVEE 6-EITATE K F7IF—F) 2R, ABEEOFMER X URIGHER
FHLMITA L ERARNETS. 2T )5 AARF YLV 6 EITATE R
IHIEE T REE T, FEEEEMICERE L T2, 5~ Y DU VR BN ERT S 19 (Fig.
0-1). BOICBEEEISIEHEE O L BRFEEOEREIT) . RICABERORREITY,
BN ENEEE Y AV CERELFNHEEEZHLNCT D, SbIT, BRAKISEED
DREIC & 5 KIS OB L ORISO(LERERICOWVWTHRET L, ABEROMAZIT
5. £, OB ERILEWRHEEEEEICRBT 2MOBT I VBEE L OLEETD.

WOt 2-T I /-5-HNRFLAIVE 6-& ITIT b FOREEROBREEREED

FesL

<FE>

1. 4-7 3 /-3-t FuxiZRBEBEHTOR
KEDERFEITE 1 EBE 2 HOFIEMEo T,

2. EMRAEHIRE L URR S ERERROHM
FIRIEITH 1 B 2 B0 FIEICHE - T2,

3. IEMEHERE
RISk % Table 2-11ZR Lz, 4-7 2 /-3-t FuXxvREFBR L HMER L 4-
73 )-3-t Fux I RaER 2,3-UFF T —E 0 2RIGSE, BREICTHREL
# 90-F I )-5-HNLRFIAIAVE 6-EITNAFTE REFEEREICAW:. BRI
4-7 3 ) -3-t R XL RB RS RINRPICHE S E LIOHBERIRZ Mg, 47
I )-3-t FuX REFHR 2,3-U4F 7 F—E ® (0.08unit) EMA TRIGZBLE
L7=. 24°CT 10 HERISE4TVY, 200~450 nm \Z81F DRI A R b DZE{b % Beckman
DUBS0 Ay Y EESH 2 AWV T 2 B & ICllE Lz 19,

Table 2-1. Reaction mixture for enzyme assay.

100 mM Sodium-potassium phosphate buffer (pH 7.5) 2.90 ml
5 mM 4-Amino—3-hydroxybenzoic acid 0.10 ml
4-Amino-3-hydroxybenzoate 2, 3-dioxygenase (0.8 U-ml™) 0.10 ml

Enzyme 0.10 ml

Total 3.20 ml
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<FER>

P, 4TI /3 FuX o RREMETORBMLE 473 /-3-t Fr¥RERE
B 2, 3-UAF LA F—E 9 Ic kY -7 I ) -5-HARFVAIVEE 6-EITATE R
PRIGERPIORRICEE S 552 L (Fig. 2-1). FETHR~ZE I,
Ris%dh=0 0.08 UD 4-7 3 /-3-t FaF I REERE 2,3-UAF 7 H—8 19 &4F
MUTEE, KIS2045T4-7 2 /-3-t RuaXVEEFRPERITHR SN D,
SIS -FT I )5 HNARF L LU 62 ITNT b RoMERERENIT 10 SRHEET
B LMWL, Fi2, RRERHCRT BRINALS MVOBELEBET S L Fig 1-1(4)
CRAEOEAR LN, -7 I /5 HARF A UEE 6-EIT AT RiX 2-8 R
FUAIUEE 6-EITATE FIZEENZEFRELE. 22T, BREEDOIEEL L
T ot FrF havik 6~ I 7T FOAERES 375 nm OUSEEDMIZ LY E
B+ Az Lz Lz, TAREREIT - Faxdha i 6-2I 705 K (pH 7.5)
D4 4X10'FFANEY, 2oL X AEEF 1 unit 1E, 24°CIZBNT 17 1 pmol D 2-
T )-5-IABRFLAVEE 6-EITAFTE RS lTumol @ 2-& FuF¥ bz g
- ITNTE NICEMTOEERRELER LY. WEEE, FUo0E1ngH2h O
unit FHTHRE LT,

1.0

Absorbance

‘ 0 —— . n I re
200 250 300 350 400 450

Wavelength (nm)

Fig. 2-1. Absorption spectra of the reaction products from 4-amino—3-hydroxybenzoic
acid in an assay with crude extract.

The reaction mixture consisted of 2.9 ml of 100 mM sodium—potassium phosphate
buffer (pH 7.5), 0.1 ml of 5 mM 4-amino—-3-hydroxy benzoic acid, and 0.05 ml of the
crude extract (35-75% ammonia sulfate saturation) (61 mg-ml™").The reaction was
started by adding the enzyme solution. After incubation at 24°C the sample was

scanned with a spectrophotometer and spectra were recorded every 2 min.
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HIM BERORER
<FE>
1. BEROFER

REEREICBIT BT _TOEET 4 CUT TiTok. BEOSBEHIET, 20,000Xg 10
SHDOEHETITo 72,

(1) iR oFHR

BRI 4.8 L D 10d RO HEEE 14.8 g e (BEN). BEE 1 ¢ H7ZY 10 ml O
20 mM Tris-HCl #E%&i#k (pH 8.0, LA buffer A) Z/MA TREH L, KUBOTA model 201 M
Isonator (7 A% a9, HW) ZAWVTEER (150 m1) % 20 ml $-5H)) 180 W TS
STBTHMAE LT, BOoBEL, LiEZEMpRmmEKRE Lz, (Fraction 1, 150 ml)
(2) BREEREME

MR HIRIC, 20% (w/v) BREEA b L7 b~A VU RIREIREED 1% (w/v) &g
BEOICHERLANRDEM U, 30 SR Lok, BOSBEHC X v ki LBk 2 iR
%, FiE#187-. (Fraction 2, 149 ml)

(3) HRESIHE

Fraction 2 IZ, BEFRRRZE % 38%PAFIIZ /e 5 & D ICHR L7e S b A 72, 30 IR,
B L DI ERRE L. Bbhi- BIFICHE Y 60%fafnL 22 X9, 30
syREiBERE, BOOBEC L VLB EZEIN L7z, B % buffer A 30 ml ICIEAEL 2R, 2
OWHE%E 1 oM DIT, 0.5 mM 7 A I T b Y v L% ETe 20 mM Tris-HC] buffer (pH
8.0, LI#% buffer B) 1 LICXI L THE L7z, 3ERIB&IC 1 EFBIT/MRZ L, —B
FHr L7-. (Fraction 3, 46.0 ml)

(4) DES2 BT AhZu=whrITT7 44—

Fraction 3 % buffer B T¥fir{k L7~ DE52 (Whatman International Ltd., Maidstone,
England) ZFEHIL7=4 T A (2.1X19.0 em) (7 FFA Lz, 190 ml @ buffer B T
5 KAYEE LT-1, 0~0.4 M NaCl 2 &% 980 ml @ buffer BZAWTY =775 =
FEIZL Y, FEE 40 ml-h! TEEAEH L. £75 73 (6.0 ml/tube) DEEFR
EHER X OF v BREEIE L. SiEMHEES 249 buffer B 1 LIZx L T—BRZENT
%#1F7-7-. (Fraction 4, 30.0 ml)

(5) DEAE-Cellulofine #Z L7 u~<w ST 74—

Fraction 4 % (4) &R U#EE % A\ CFHi{k L7z DEAE-Cellulofine A-800 (4:{b
2T HE) FKRELEATL (1.7X22.0 cm) (77 FA L7z, 150 ml @ buffer B
THT LEEE L%, 0~0.35 M NaCl #&¢r 750 ml @ buffer B ZAWVTC ) =777
Uxy MEICLY, FEE 30 ml-h! TEEEZEH L. £75 2733 (5.0 ml/tube)
DEEEENR S OF o 7 BE&ZHIE LTz, (Fraction 5, 20.0 ml)

(6) Phenyl-Cellulofine 1AL u~ /737 4 —
Fraction 5 i 12.5% & 725 X D ICHEET =T L& MA T 16 AL, 12.5%%88
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MERBELIOICHBT vE="7,5%MZk bufferB 270 ml T/ L 7z
Phenyl-Cellulofine (ZE{L%T 2, Hp) ZFELIA T A (1.6X13.7 em) T ST
4 L7=. 120 ml @ 12.5%8a%n buffer B TH T L& LIk, 0.5~0 MAEAT > E=
W A ST 400 ml O buffer BEAWTY =7 /5 Y=y MEIZKY, 30 nl-h™ T
BEEAH LY. £75 723y (4.0 nl/tube) DEERFEMER LY V7 EEZHE
L7=. (Fraction 6, 24.5 ml) %7z, BfRMED7 527 2% 1 oM DIT, 0.5 oM 7
ZafErBEF FY ARSI 50 M VEEA Y U LAT MY ULRRER 1 L 2 HNT 6
BRI X I 1 EEENTAMNEE L, —BREiT L7,
2. FUNRJEDER
BRI Lowry IBICE OV EB L 2, EBHEL VR BL LTy VMET VT IV
i LAY
3. EBXIKE
<FE>
(1) RYT7ZINTIRFVESKE
Davis HOFE DI LY, 12.5% w/vV) RY 727 YT I RSV (pH8.0), Tris-glycine
(pHS8.3) ZFAWVT, 2mA/tube DT 2. 5 BFRIPkEI L7, & v X7 B DORMAIT0.25%
(w/v) Coomassie brilliant blue R-250,/ =% / —/L-FifE-7Kk (9:2:9) ¥KRT 1 B
BTV, =& 7 —L-BEfE-7K (25 :8:65) VEIRCIMMIBIEL TRELEERE, =&/ —
N-EEEE-K (10 : 15 : 175) WIRPIZIRTEL .
(2) SDS-RY T 7 YAT I R IVERIKE
Weber & Osborn MFEE2 |21V, 12.5% (w/v) RY T Z ULT I RFALBIT0.1%
(w/v) SDS-0.1 M V@ bV v (pH 7.2) OKENEEIREZ AVT, 6 mA/tube DR
3 FEREIKE L7z, BB LI UBERR, fnRofEizL o7z,
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<FER>
1. EERORR
ZRERIENRIC BT AEERTEE B L O VX B &% Table 2-2 (23T, FILHEICTD
SWTDER2 I T Lru< hF 57— (Fig. 2-2), DEAE-Cellulofine A-800 7 T L2
o< 457 ¢— (Fig. 2-3), Phenyl-Cellulofine # T A7 1< b5 7 1 — (Fig. 2-4)
It L, AREER AT S Z LK (Fig. 2-5 (A), (B)). EAHEREERIT
2. 0%MDULET 103 (SIS, HiEMIX 0.27 Umg? Th o7z (Table 2-2). H7Z,
BREREELRY 77 UAT 2 FALVERKEICHLZE 25 1 KONV FRRLN
7= (Fig. 2-5 (A)). F7=, SDS-RY T 7 V7 I RFNVEKIKETIX, HFE 15,000
1ROy RRA LN (Fig. 2-5 (B)).

< 0.020 — 0.40

) = |

2 I —0.32 —~
> 0.015 ?E=> 5
2 E 024 G
‘5 0-010 B c ‘ZU
o @ [—0.16

® 0005} . o

£ o {-0.08

>

N 0 0

L 40

Fraction No. (5.0 ml/tube)

Fig. 2-2. Column chromatography of the enzyme on DE52 cellulose.

The enzyme solution (Fraction 3, 46 ml) was applied to a column (2.1X19.0 cm)
of DE52 equilibrated with buffer B. The column was washed with buffer B and then
proteins were eluted with a liner gradient (0 to 0.4 M) NaCl in 980 ml of buffer
B. Fraction of 5.0 ml was collected at a flow rate of 40 ml-h™. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A,protein; and ———— , NaCl.
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0.30 — 0.35

E 0.016

=} 025 = |-0.28

2 0.012 020 5 | o,y E
& s £ 7 B
5 0.008 e Loqs S
o 010 8 [T %
5 0004 0.05 & [0:07
R0 0 - 0

Lu 30 35 40 45 50 55

Fraction No. (5.0 ml/tube)

Fig. 2-3. Column chromatography of the enzyme on DEAE-Cellulofine A-800.

The enzyme solution (Fraction 4, 30 ml) was applied to a column (1.7X22 cm) of
DEAE-Cellulofine A-800 equilibrated with buffer B. The column was washed with buffer
B and then enzyme was eluted with a liner gradient (0 to 0.35 M) NaCl in 750 ml
of buffer B. Fréction of 5.0 ml was collected at a flow rate of 30 ml-h™\. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A, protein; and ——— , NaCl

25



0.005 0.020 — 0.5

E =

S 0.004 0015 £ 704 o
2 o =
£ 0.003 E o3
& 0.010 £ 2
S 0.002 ® 02 g
3 0.005 ~ <
*g 0.001 005 a0 0.1

R 0 0 - 0

L

Fraction No. (4.0 ml/tube)

Fig. 2-4. Column chromatography of the enzyme on Phenyl-Cellulofine.

The enzyme solution (Fraction 5, 20 ml) was applied to a column (1.6X13.7 cm)
of Phenyl-Cellulofine equilibrated with buffer B. The column was washed with buffer
B and then enzyme was eluted with a liner gradient (0.5 to 0 M) (NH,),S0, in 400 ml
of buffer B. Fraction of 3.5 ml was collected at a flow rate of 30 ml-h™. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A,protein; and ——— , (NH,) ,SO,.

Table 2-2. Summary of purification.

Volume Total Total Specific Recovery

Fraction activity protein activity

(m1) L) (mg) (U-mg™) (%)
1: Cell extract 150 4.2 1, 600 2.6X107 100
2: Streptomycin sulfate 149 4.1 1, 100 3.7X107° 98
3: Ammonium sulfate 46 2.8 290 9.7Xx1073 67
4: DE52-Cellulose 30 0. 50 16 0. 031 12
5: DEAE-Cellulofine A-800 20 0.25 5.0 0. 050 6.0
6: Phenyl-Cellulofine 25 0. 08 0.3 0.270 2.0
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(A) (B)
(o (o)

<+—15,000

(+ (+

Fig. 2-5. PAGE(A) and SDS-PAGE(B) of the enzyme
(A) PAGE, the purified enzyme (10 pg) was electrophoresed on a 12.5% (w/v)
polyacrylamide disc gel (pH 8.0) at 2.0 mA/tube for 2h in a running buffer of
Tris—glycine (pH 8.3). (B) SDS-PAGE, the purified enzyme (10 ug) denatured with
SDS was electrophoresed on a 12.5% (w/v) gel containing 0.1% (w/v) SDS at 6
mA/tube for 3.5 h in a running buffer (pH 7.2) of 0.1% (w/v) SDS-0.1 M sodium
phosphate. The gels were stained with 0.25% (w/v) Coomassie Brilliant Blue R-250

in a solvent of ethanol-acetic acid-H.,0 (9:2:9, v/v/v/).
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HA FERIEER ORI

1. #HELEREE

<FE>

(1) SNVBBEZLZNTROAE
ABEE 1ml (1.9mg-ml™) BLO~—Hh— (% 5mg) 2T Cellulofine GCL-1000sf
(3.2%58 cm, E{bFIT¥, HR) LTTolk. ~—Hh—¢ LT, Fhru—hc (GF
8, 12,500), A7 T7AT I (43,000), UVmET /AT I (67,000), T RT—E
(160, 000), & —1t (240,000) ZfEML7-.

(2) SDS-HYUT 7 YNT I RENVEKKIEC L 55 FROAE
= o D HIEIC L o7, V== —#F—1%, LowMolecular Weight [LMW] Calibration
Kit (Amersham Pharmacia Biotech, USA) %M L7z. T4bbH, a-F7 b7 NLT IV
(5T, 14,400), KB MUV P oA reEH— (20,100), AAVAR=v /T RT
—+F (30,000), A7 TNT I (43,000), UMIET VT I (67,000), 7A AT A
Y5—+F b (94,0000 TH5.

2. NERWT I/ BESIDOIT
AEEREESE S, YuF7 47> I=1 (Bio-Rad, Richmond) ZfVW/=RTF 75 N-RY
T2 UAT I RELVERKENICH Lz, EXRKE%, BIORAD I=Fr7 27y b
(Bio-Rad) %#FAVVT, AT T HFANLARHFEE AT -P (PVDF) B (I URT, XK
R) 128z L7=. PVDF &%, 0.1 %(w/v) Coomassie brilliant blue R-250 Z&t¢r 50%
(v/v) AF ) —VIRIRTHRE L%, A% ) —L-EilE-K (5:1:4) D DRLD K TR
& U7-. PVDF f bk CYufa LB L 810 HL, N RIBEFIOHITICHNE . N
RIMT X BESNE, BT o7 A2 y— oY —PPSQ-10 (BEEMERT, w46) &M
W, BB R U OB/ YA 7V TAER LIZ PTH-7 X/ Bi% HPLC TRIET D Z LI &
D oir LTz,

3. EERICRES LToMiBER OWEIREES TR K CEUEREE DT

(1) BRESHT
50mM U VEES U AT b U T NEER (pH 7.0) 12T 5 Refilds &I 3 BB Lo #
FERIBEETR 1 nl (protein, 1.1mg) & FV T 200~800 nm {23 iF 5 WKL % Beckman DU650
ISYeYeEESE (Beckman Coulter, Inc., Fullerton, CA) IZX VW RIE L7

(2) HOBXEST
BERICRE A LIRS FIROSBRIBER O FIEICiE 272 P . FEEER 1 nl (protein,
1.2 mg) ZRGHOES (17.5X130 mm) 2B L THEMAL, #EEEHET T 95C, 5 o
MELT2. KOEFICE DY IAOEBENREZ STz, MEVLEERIOKF TR
L7z, 0%, HELSHEE (20,000 g, 10 4y, 4C) LTH 7 2#VERE, LiEEY
LA E LTHWE. BENESATITIE, F-2500 BSIAEAENERH (B8R, W
) AW, 8RR MU, XER® 22BICEEERREZ 530 nm iZEE L, 350~
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500 nm i3 A HEMOBEEE A F v > Uiz, EpiE@ A7 Mg, #EEEZ 450 nm
ICEE L, 500~600 nm DEMEFEICHT 2 EEMELRELL. Z0LE, HICE=
vhm—il LTA—EYTF 470 FAD BIUFIN & RBRICEULIL ATV, ST
e L7z,

(38) HPLC i L B HiEEROFE

(2) O FN%E HPLC ST LR D THROREEZIT o7z, EEBLUSHZL

TR, EHICBIT BRI Solvent A : 10 mM KHPO,- 2 & / —/L (80:20)
¥ Solvent B: 10 mM KHPO,~# % 7 —/L (50:50) #fA\, /7=y MECTHEH L
B F—tLF 4y I OFADBIOFMNZay br—L e L, YT va ¥ LDLE
iTo7z.

(%]

« B2 L-6200 Intelligent Pump (B SZEUERT)

. K2 . 1-1050 Fluorescence spectrophotometer (H 3ZE{ERT)

. 50455t : D-2500 Chromato-Integrator (H SLEUERT)

« #5 A ; Inertsil ODS-2 (4.6X150 mm, 5 pm, GL ¥A T2 X, HR)

[4A4]

- YABEWE @ Solvent A : 10 mM K,HPO,~* & / —/L (80:20)

Solvent B: 10 mM KHPO,~* % /—/L (50:50)

. Solvent A-Solvent B (100:0) — (20 min) —Solvent A-Solvent B (50:50)

:0.5 ml/min

. A47YE EX 450 nm, EM 530 nm

% %
BN E

4. pHBIVIREREM
<FE>
(1) pHEEHE
1 mM DTT, 0.5 mM 7 RV T h U 7 L%EM L7 pH 5. 0~11. 0 DEEEKRZ
L, BRI E TN ENOBEIRICR LT 24 BfBENT Lok, BRIFET DEERTEEZ
BIE L. 50 mM BERE-BfEEF RV A (pH 3.0~5.5), 50 mM YV R Y v A-F KU
w2 (pH 5.0~8.0), 20 mM Tris-HCl (pH 7.0~9.5) 3L T*50 mM NayCO,~NaHCO, (pH
9.0~11.0) DEFEEIRZHAVTTo 7.
(2) BEREHE
AfEFE % 20C~80°COBIRET 10 SMIMBVAE L7-1%, 5 2 filR L RISE]K
(Table 2-1) ZAWTEFT HEMELE L.

29



5. fiit{bEayteE
<F#E>
(1) HEAEOPER
AEERICE 2 D8R A A, -SHEEMHAKE, ¥ L — MRESOREBLTA. BRK
2, BRERIEOKIEEN 1 oM 1225 X ) IEHEbLEwERM L. KR T 10 53HKE
L%, BEEMEZRIE L. F2 6T~ X 5 ICEEEEIEIZ 4-7 2 /-3-k b
X RBER 2,3 VAX VST —EHETTITI Y. LoT4T I/ 3L Fuxiv&
BER 2,3-UA X 7T —BIok 2 BERIEOLE b FRFZH 7.
(2) HEEFRERHE
EHONEMERE L THIBERSREAR L, FUSOETICE S RIRANST b
(200 nm~600 nm) DZE(LZBEHTDZ Lick Y, EEERTEENDH LN E S D 2H
N RERLTALEWE, -7 X ) -5-AARF I LAaVEE 6 ITAT e FOERL
EMTHD 2-T I L3V 6 ITATE RBEWY 227 I/ 53V BTHD. Ih
S OFRALAEIEIREFIEIC LY -7 ) 7= /=N X YFARL W,
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<HEE>
L. 2+E
(1) FAIBRBECLZ32TFEOHE
FNLBGBIEC K D ABER D4 FRIT 34,000 Tholo (Fig. 2-6).

-
o
o

1

200 220 240 260 280 300 320
Elution volume (ml)

Molecular weight ( X 104)
)

Fig. 2-6. Determination of the molecular weight of 2-Amino-5-carboxymuconic
6-semialdehyde deaminase by gel filtration.

The enzyme (0.5 unit) and markers (5 pg each) were ‘placed on the top of a column
(3.2%58 cm) of Cellulofine GCL-1000sf, and then eluted with buffer B containing
0.2 M NaCl. Symbols:(Q, 1,cytochrom ¢ (molecular weight, 12, 500); 2,ovalbumin
(43, 000) ; 3,bovine serum albumin (67,000); 4,aldolase (158,000); 5, catalase
(240, 000) and @, purified enzyme.
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(2) SDS-EVUTFTZUAT I RFANVERIKEEIZ X 20 TFEOHE

SDS BEIKEI TIIAREDOY T2 =y MIBIT 34 F &L 15,000 Th o7z (Fig. 2-7).
(1) OFER LY AREEL, STE 15000 0¥ 7=y bbb 2 BETHD Libm
L7z

-
o

02 04 06 08 1.0
R; value

Molecular weight ( x 104)

-
o

Fig. 2-7. Determination of the molecular weight of 2-Amino-5-carboxymuconic
6-semialdehyde deaminase by SDS-polyacrylamide gel electrophoresis.

The enzyme (10 pg) denatured with SDS was run on 12.5% gels containing 0. 1%
SDS at 6 mA/tube for 3.0 h in a running buffer (pH 7.2) of 0.1% SDS-0.1 M sodium
phosphate ; O, Electrophoresis calibration kit LMW was used as markers;

1, a-lactoalbumin (molecular weight, 14, 400); 2, soybean trypsin inhibitor (20, 100);
3, carbonic anhydrase (30, 000); 4, ovalbumin (43,000); 5,bovin serum albumin
(67, 000) ; 6, phosphorylase b (94,000) and @, purified enzyme.

2. NFEW7T I /EEES
Fig. 2-8 lcAEEEDOY 7=y O NKRT I / BRH|Z R LT

Fig. 2-8. NH,~terminal amino acid sequencing of subunit.

No. 1 10 20
PKILVHSDAAPTTGFTNXHTP
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3.

W YEEES AT ES & CREOEIEEE AT
(1) WELT
B LT R ERIIEA ThH 72, WW-VIS AT FULSHIZBWTARREZRIL 266
nm [ZHERURUN &R L, 350~550 nm ORRFEIRICIBWTHRINAR bz (Fig. 2-9,
main figure). 266 nm 3L % 280 nm (23317 B AEEHZ D FREE B, *IEENZh 25
B2 THY, By ?/Eagsm P& 1.2 ThHotz. T2, AHEERICBRINS R o7,
(2) BOEILBELHT
AREEFICRES LIRS FITBEIC L Y, BRI VIS S LR TET.
ByRMERE AT PSS LT, #EART bZEWT, AREEBEROMEIK
I 367 nm 36 K OF 449 nm IR A A S/ (Fig. 2-9 (A)). =% T 4 v 7 DFAD
BIOM #FEECHITLIZE 25, &HI2 372 nm BEU 449 nm (THERILINAS B &4
o, Eim, AR P UZ W TARES B SROMERIE 514 nn IZHERRIR 2R L7 (Fig.
2-9 (B)). A—&>T 4 v 2 ®FAD LU FMN i 527 nm ITHERPIN 2R LT,

0.15 : i i ot din ! ; S ¢ S 7

o
-
N

3 pEEs o

Absorbance
(o)
(=]
©

470 650

200 320 440 560 680 800
Wavelength (nm)

Fig. 2-9. UV-visible and fluorescence spectra of 2-Amino—5-carboxymuconic
6-semialdehyde deaminase.

The main figure shows the UV-visible absorption spectrum of the purified enzyme
(1.1 mg'ml™)) recorded using 50 mM sodium-potassium phosphate buffer (pH 7.0).The
insets show (A) the fluorescence excitation spectrum (detected at 530 nm) and (B)
the emission spectrum (excited at 450 nm) of the supernatant of the heat-treated
enzyme (1.2 mg-ml™). The cofactor derived from the purified enzyme was released

by the heat treatment as described previously®.
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(8) HPLC STz & 2B DFRIE

BEEEIRE D LIEZ HPLC DT LT-& 25, VT varZ A4 L5 973ICAA E—
IREONT. F—k T4 v 7 DFADBLOFPMNZZFNEIN16.4 3B TN18.047 (2
V— 27 %R L, ABEZHROMELE L OMESR L.

4. pHBIUBREREME

(1) pHZEREH
AREEFIT, 50 mM Y EES Y U A-F R U U AEENR (pH 5.5~7.5) T 80%LL LD
EEEER U, £, 20 pH §5HN THRET LB ERIC W TR EIRA 5 b ZE
TdHo7- (Fig. 2-10).

,\3100-

= 80}

>

© 60 F

(4]

R

©

o 2F

(1’4
O [ [
3 5 7 9 11 13

pH

Fig. 2-10. Effect of pHs on the stability of 2-Amino-5-carboxymuconic
6-semialdehyde deaminase.

The enzyme was incubated in 50 or 20 mM buffers of various pHs at 4°C for 24 h,
and then the remaining activity was assayed. The buffers used:A, acetate;
O, sodium—potassium phosphate; M, Tris—HCl; and <>, Na,C0,-NaHCO,;. These buffers
contained, 1 mM DTT, and 0.5 mM L-ascorbate.
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(2) BEREME
KEEET, BUCRETTOCETB0% U LOEMEZHER Lz, L LERMU EDRET
IIREEERY, 80°CT 16% = THRIE L (Fig. 2-11).

= 100
2 80
>
S 60
(1]
g 40
T 20
&
0 [ | 1 [] 1 [ 1

20 30 40 50 60 70 80 90

Temperature ( °C)

Fig. 2-11. Thermostability of 2-Amino-5-carboxymuconic 6-semialdehyde deaminase.
The enzyme was incubated at various temperatures for 10 min, and then the remaining

activity was assayed.
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5. flfi{bFRER
(1) HERAROEE

REER DOIEMEIC 5 2 2 FAEED

IZOWTHRREL, BoNh7-fE% Table 2-3 IZ

Rt 47 3 /-3t R REAERE 2,3-UAF TS —F 19 xR R L iy
5oL CABEEMBOMMERELE. TORE, ABRICBWT2BEA A TiE 1 M
® Fe¥, Fed*, Mn¥, Ni¥, Co¥, In*#0 2 ffi, 3 MO&EREA A4 12 & v iEE R HE
7o, -SH BREMRER LOF L— X 2,3-VA X 7T —EBEEEZMIEETS

OREEOAREMETHZ Licizy 9, ABEOERIZTEZD

LIITERRpoTz.

BTV THAND 2

Table 2-3. Effects of various compounds on 2-Amino-5-carboxymuconic 6-semialdehyde

deaminase activity for 2-amino-5-carboxymuconic 6-semiardehyde.

Concentration Remaining Remgir}ing
Compound () Activity (%) activity (%)
(4A3HBa 2, 3-D”)

None 1.0 100 100
FeSO0,- 7H,0 1.0 0 100
FeCl,-6H,0 1.0 29 98
KsFe (CN) 4 1.0 93 40
AgNO, 1.0 7 3
MgS0,- 7H,0 1.0 100 97
HgCl, 1.0 7 3
CuS0, - 5H,0 1.0 21 0
MnSO0,+4~5H,0 1.0 0 100
CoCl,-6H,0 1.0 0 100
NiS0,-6H,0 1.0 0 99
ZnS0,- TH,0 1.0 7 53

a) 4-Amino-3-hydroxybenzoate 2, 3-dioxygenase'®

(@) FEEFRME

KEEEIL -7 3 ) -5- BBV AaLEE 6-EITIT b FRUAAOERICITEL EHE

BRI IRl
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EHH BERRISEEOMITE -7 I ) 5 RX T Aa Vi 6-2ITATE R

F7IF—EDhsb

<FE>

1. BERERIGHERIZRIT B UV-VIS A7 MLVDZE{L
100 mM Vv EEA Y T h—F b U & LEEENK (H 7.5) 2.9ml, 5mMD4-7 I /-3-t F
0¥ LR BFEMBAKO0. 1 nl 2 RISEBICRERMEESR (71 pg-nl™) 0.1 ml Z&H 55
UHETMUE, ISR L 4-7 3 /-3-t Fux Z_BERE 2,3-UAx v —E8
19 (6.0 pgeml™) 0.1 ml ZHMTHZ L THRIAL. 2 43T LITRIRARY PLVOZA(L
ZRE L.

2. BERRISEEHOIEEL FRE

(1) BEEREBIUEBRERIGEEDOER
50 M U L EES Y 7 a—F R U U LEEEHR (pH 7.5) 107 ml 25 mM 4-7 X /-3-kE Fr
¥ L RBBEBIRK 9.0 ml, FHHEEE (1.0 pgeml™) 6.0 ml 2H 5 UHIRMLT. FH
Lz 473 /-3t Fux o REER 2,3-UFF 4 —¥ 9 (8.8 pg'ml™) 5.1 ml
RUSINT D Z L CEERRURZBREAL, 24 °CT 2.7 Bif, 100 rpm THRE D 2. 2-
B RedvaarE 6% I 707 e ROBEREITEAROLRE 4. 4X10° IR ERL
=9,

(2) BERRISEEDOFEMEL
BEERISKTH]R, RREz A ARL—F—T10nl ETEMREL, 5.0M2AZ U BEH
WTpH 3.0 12T L=, 0D, BT /L C3EREZITY, FREEEZGL. A
BRI B I EAREET Y U AR AV THAKRAEEIT > 2%, = AKL—F—T 10 ml
ETCEGLE. SRUCEERGEEY -t Foxshavi 6-2ITATER) &
BE OB TIAFT T 2= RSP (Pfaltz & Bauer, Waterbury, CT, USA)
BAK )= 1.0 nl ICHEMRL, REBRERICEME, 24°CT 30 SMMETLSZ & TV
Fe FErk e FFY AL L. BELZRE, For—#—NTLIRERLE. e FTY
AL LY IS N, 0-bis(trimethylsilyl) -trifluoroacetoamide-7 & k= k U ViR
AW (v/v, 1:0.2) 300 pl &2 T 85°C, 1.5 BEHIRIGEH, KEEBLIUINVRFY
NEZRYAFALIAELE. BRIV UBIRRMNY AFAT Y UL bEWZ
GC-MS Z#fricfi L7z,
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(3)  GC-MS 4r#7
FYRFALYABLOE BT Y UL LIALEWIZE L G-3000 A7 v~ F 7
S 7 5k L7z 32 M-2500 “EIGREESHTEE (BLEYERT, IR Tfiok. &bz
LUTFIZRT.
[4:f]
- 55 A : TC-1 fused silica capillary column (0.25 mmX30 m, GL ¥ =2 A, HH) ;
100°C (1 min) — (10°C/min) —300°C
« X ¥ YT HA :He, liner velocity 2.5 cm/min
« INJ/DET : 250°C/280°C
< FRH o MS  (EI %, ionization, 70eV)

4) TUE=TOEE

BEERIGRTOT VE=Y LA FOERE, IV IVEETE Fari—8Z2H0
PEEEIRIC TR I 2572, Table 2-4 (TR L RISTRE AV TEBRRGEZITY, ZVH
I UEET b KA —B7E7E T C NADPH OFHEIZ & H72 5 340 nm (Z361F 2WILEE DB
FRIEL, EEL. 5.0~30 uM @ NHCL 2 AWTREREZIER L, (1) OBERERIGHR 0.2
nl FO7 L E=U AL AV EEREH L.

Table 2-4. Reaction mixture for glutamate dehydrogenase assay.

50 mM Sodium-potassium phosphate buffer (pH7.5) 1.30 ml
5~30 uM NH,Cl solution or reaction mixture 0.20 ml
2.0 mM NADPH 0.10 ml
100 mM 2-Ketoglutaric acid 0.20 ml
Enzyme 0.10 ml

Total 2.00 ml
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(5) HPLCHTic k2 EE
BEERISKR T, WEICEBET S 4-7 3 /-3-t Fu XL ZRERE L UFEBERERICA
5 2,5-v Y DL UhARUEER HPLC TER L. BEB X UEHEZUTIIRT.

B

« K27 : L-6200 Intelligent Pump (H SZ8UERT, HAT)

« FAHIER : L-4200 UV-VIS Detector (H SZEUERT, HA)

. 343 : D-2500 Chromato-Integrator (B ZHUERT, HR)

« #5 L : Inertsil ODS-2 (4.6X150 mm, 5 pm, GL ¥ =1 X, HH)

[&fF]

- YAHEEWE : 50 mM phosphate buffer (pH 7.5)-methanol (65:35, v/v)
« JiE# ;0.4 ml/min

 FHEE 278 nm
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<HER>

1.

BB RS IIT B UV-VIS A7 FVOEE-k

BSRIRESE (4-7 S /-3-E KOS URABRE 2,3-UAF LSS —2 19 BLU2-T I
S-AAREF L AAVER 6~ ITATE KOS & HOROBRRIEHICSBT 5
W A2 M AVDEE(LE Fig. 2-1212mR L=, RISBIEAY, 3 <12 350 nm DREIEEE DY
MRS, %4375 nm OWSEEOHEMEL Ao, RIS 6 41%ICiE, 375 il
Bt ABRINOBMMNEZE L ool BINARY hAOEED, 4-7 I /-3-E FaFf
ZEERIIN B UBOMEE, 2BMORIGERT2-E FefT ha i 6-2IT L
Fe RicEfrEns & FHELE.

0.5

04

0.3

0.2

Absorbance

0.1

O . M M 2 r
250 300 350 400 450 500

Wavelength (nm)
Fig.2-12. Absorption spectrum of the reaction products formed from
4-amino-3-hydroxybenzoic acid in an assay with purified enzymes.

The reaction mixture contained 2.9 ml of 100 mM sodium~potassium phosphate buffer
(pH 7.5), 0.1 ml of 5 mM 4-amino-3-hydroxybenzoic acid, and 0.1 ml of purified
9-amino-5-caroboxymuconic 6-semialdehyde degrading enzyme (71 pg-ml™). The
reaction was started by adding 0.05 ml of purified 4-amino-3-hydroxybenzoate
2,3—dioxygenase(6.0pg‘m1*).Thereactionwasstartedbyaddingtheenzymesolutiom
After incubation at 24°C, the sample was scanned with a spectrophotometer and

spectrum was recorded every 2 min.
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2. BERRIGHEEMORE

FE( U BEERICEENZ GC-MS ST L, ERT L. Y 7 a ¥ A L 110
4y (Compound A) 33X 1%13.24% (Compound B) IZAA ¥ —7 MR HHIZ. Compound A
BEDT ST AT —a VETT 5L, n/z466 (1), 451 (W-CHy), 436 (M'-CH,X2),
421 (W'~CH, X 3), 377 (M"-0S1 (CHj) 5) , 363 (M™~S1 (CHly) 5~CH, X 2), 299 (M =CeF5) , 195 ([CF:N,1Y),
147 ([(CH;),=0-0Si (CHy),]1*), 73 ([Si(CH;);)") (Fig.2-13) THY, FHLEMI R X F
AV EB LRy 27 vd a7 z= e RIS &N 2-8 Faex v ha VEE
6-EITNTE RThHBERIELK. £z, Compound B HRDTZ T AT —al%
AT 5 & mz 311 (M), 296 (M'—CHy), 266 (M-CH,x3), 238 (M-Si(CH,),), 222

(M'-Si (CH,) ,-0), 194 (M'-C00Si (CH,),), 147 ([(CH;);,=0-0Si(CHy)51*), 73 ([Si(CHy);1"),
77 (M™—C00Si (CH;) s~C00Si (CHy)3) (Fig.2-14) T Y, FHEEMII MY AF LT Ubs
N2, 5-BY DU CHANRUVBTHD ERIELE. &b, FA—kV T4y I7D2-F
¥ AIVEEG-EITATE & 2,5-EY DU h VR UEEE VT RIS
L, S¥izfTote b oAV FriavBALE T T T AT — a8 —3—8L
7.

(\,osucn;,)s,
L 100- | o COOSi(CHy)s 451
> N —N-CoF
5 801 g3 KT
£ 299
et -
E OO 147
S _
2 40 | 466 (M*)
5 20 195
g e
0 I I

0 100 200 300 400 500

Fig.2-13. Mass spectrum of pentafluorophenylhydrazone and trimethylsilylated

compound A.
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Relative intensity (%)

100+

JIjTrCOOSKCH93
311 (M*
(HsC)ssi00c” ~2N (M)
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!
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238
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m/z

Fig.2-14. Mass spectrum of trimethylsilylated compound B.
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3.

BRI DOLEEREB L UBER OMmA

BEER SO ERE Table 2-5 IRT. BERRIGH TR ORIGHEE HPLCIZTHT L
oA, BWETHD 473 /-3~ Rux U REFRITITRICHEL, 2-7I/-5-74
NARFY LI VEE 6-EITATE FhOIIIERERMICAR LT 2,6-8 Y P VR
VEERERLTWE., £, 22T I ) 5-AARFVLAaUEE 6-EIT AT E REFR
BEELOREICL VAR LET VE=U AL A ryBIW 2- Faxvbha @ 6k 3
FAFE FIZFNFR 0.017 mM 38500 0.028 M Tho7-. BERRIGICLVAETE
MOPT, 272 ) -5-HNARF LIV 6-EITAT b R bIERRIICER L
2,5-LY Py UM R UEBBIIRE S ThoToM, 2-k Fuxvaavf 6-eIT ATt
RET VR AL T UVIRIBIESEREAER L TV &b, BERRICHMEL Fig. 2-15
DEICHELE. DFED, 4-7 3 /-3-t FuxvEREHFEN 4-7I/-3-k Frxv
FAER 2,3-UAF AT —PIl Lo TRVEBVROMAEE ST TER L 2-73/
5-HNARFTLAAVEE 6-EITAFE NE 2T I ) -5-INHRFhas 62T
VT e RO L VT 2 ERIGE T, 2-k F R X -5-HNVRF T bk
6-EITNTE RERYFERBENRBRBEREERT - Fed v ha il 6817
LT RBRERLIZERRLE. Zhb X0, AEERIE2-7 I/ -5-INRF T ha B
6-EITATE REEBLLT, W7 I/ RSEMTa8ETHILEL, 2-7I/
S-HVRFTAaVEE 6-EITATFTER FTIS—E] LA THILITLE.

Table 2-5. Reaction products from 4-amino—3-hydroxybenzoic acid.

Substrate (mM) Reaction products (mM)
4-Amino—-3- 2, 5-Pyridine- NIL* 2-Hydroxymuconic
hydroxybenzoic acid dicarboxylic acid ' 6-semialdehyde
0. 420 0.410 0.017 0.028
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HeHi BENEER

W1 EICBW TR L 2-7 I ) --IARF L harilg 6~ ITNT e NofifEs
ORERES L OEHERRNT, RISEBIEON 21To7 9. AEZROEETHD 2-7 I /-5
ANFRFT LA 6-EITATE NIZEFIEREERMEEMTH D7D 4-7 I /-3
bt Fudx I RAERLE 473 /-3-t Fex BEERRE 2,3-U4F 7 —E 92 A
THEOME LBERIS 2 R— ORISR TIT 5 BRI EREE 2 H T L. 2
ST 2 BHEOBA A LRI/~ b T 74— LBk n= b T T 4 —EHVTA
BeEa W— |35 = L AR (Fig. 2-5). WHEEZAWT, BERLFRIFEEE
BLUOBERCEELH OGN L, RSB OMIT NS, ABEFE L 2-7 X/ -5-H /LR
¥vAhavig 6-EITATFE R FTIF—EBLHTAHIEICLE. KEFE
Pseudomonas sp. AP-3 BEHIRW D 2-7 X /) ha g T7 I —E EFEICOWTIHE
T35 LN ONOMERR S, '

R U AREER L7 2/ -3-k Fax o REER 2,3-UAX v/ F—E 9% H
WEBERISZITV, 4-7 3 /-3-t R ZEEBR LY ER LI ez EESITIC
rTovEhsEh -k Faxihar@ 6-2I7ATE RBLU 2,5-B Y P VHNERY
B L RIE L= (Fig. 2-13,14). 2-7 I /- 5-HNRF T LaVEE 6-EITATE Finb
-t Fa¥xiaasfg 6~ ITNTE FAELARKE LT 2EEOWREERZE IO D.
190X 2-7 3 )-5-BAEXFTAavEE 6-2I 75 K (Fig. 2-15(A), Compound H)
W2-7 I ) havEE 6-EI7A7E K (Fig. 2-15(A), Compound VI) Z#ET2-t km
¥ AhavEE 6-EIT7NAFTE F (Fig. 2-15(A), Compound IV) IZEHIN DR TH
ZW 9073 ) havEk 6-IT7NAFE F (Amax=382nm, Fig. 2-15(B), Compound II)
1% Pseudomonas sp. AP-3 ¥EIZI61F% 2-7 2/ 7=/ —VORBPEEL LTHESNT
W5, FBREEL EIERICREET in vitro DEJSIZBWTAERKE 10 28NIZ a -
oY URBICEHREN D W, 2 EIC B BEERERURRRC BT DRINA Y v DAL (Fig.
2-12) 12, 2-7 X/ A3 VB 6~ I 7T B FEEKD 380 nm fHEORIEEE DM
2L RBNARNoT. ETz, RISOLFEERZ AT LB TE 20 2,6-Y ¥
VOANRUBDR T a-Ea ) VEEERET A Z LITHRR 0. Ko T, SVt
R L B LR EENOSI LY, -7 /a3t 6-EIT T FERET2-
bt Re$saavE 68 I 7AFE RBERT ARMA TRV ER R L. —F, 2
SHORBELLT 22T I/ 5-IARFLLavf 6-2IT7NATE D 2- Fafxy
S-HLRFT AU 6-EI T AT K (Fig. 2-15(A), Compound II) %#FT 2-t K
n¥harEg 6-E3IT7AFE K (Fig. 2-15(A), Compound IV) [ZZ8H#i X AR
Zz b5, FUSHEIZBIT AR AR MVOBRLERD &, £7 350 nn fFEICEEER
ISEEMOEER—EICR N (Fig. 2-12). ZOEEZEKIGEEYOZBER X UR
EETD LI TE o, HHRETFH D LEHRORIT D W CHREShEARY
MLF—ZIC 5%, 350 nn FHEICRINZ R {LAYE 2-8 FaXi-5-URhxdh
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gV 6~ I T7AFE K (Fig. 2-15(A), Compound II) TH D EHEE LK. 3-7 Mk
ITIEMASETCOLERICHNARF VIR Co, & LTHEET 2 . 2-k FrXi-5-%
ARXLLAVEE 6-EITATE RIZC-SMICANVREINEET VT € FEEZED3-
r REETHY, Fig. 2-15MWICROGNB X DL, 7 b+ =) —VARFE I PURBERUG
NER T AAREMNH S, £, Cravford bPHIK SIX7T e b T X8 2,3-UFF VT
F—BBLUOI T a—L 2, 3-TAFHFF—FIcLY, T bITFFUB (2,3-TVE
0¥ LRREEE) M 350 mm ICHERERINAZRT 2- Fu¥o-5-h L% ba ik 6-
+I7NAFE R (Fig. 2-15(C), Compound I) IZZHi&EN B L@ LT D 33 2-
bt Ro$i-5-ARF b ERITIEREEM R BREBERIGEZRT 2-8 Fufvhay
B 6-k23IT7ALFE R (Fig. 2-15(C), Compound 1) &72%. b Z XD, 2-7 3
J-5=-ANBEXFT AU 6-EITATE R, BREERICLoTRT 2/ RISE%IT,
HEEEMN R BRBERIGERT 2-t FexAavEg 62 IT AT NITEBRED L
LU (Fig. 2-15 (W), ko 7T, AEERIX 2-7 I /-5-INARF T ha i 6-&3
TAFE REEELE LT, B7 3/ KISEMET28BETHDLL, 12-73 /-5-Ab
REVLaAVEE 6-EITATFE R F7IF—E) LHTHZLICLEY.

FERL 7= ARESRE O T BT A VI BEE T 34, 000, SDS EXRKEITIXY 7 2= +®
ASFEM 15,000 Thot=l &b, ABHRIIRTL A ~v—Ths Lifim Lz, ABHED
HEBERENMED TEL, -7 3 ) 5-IARFTLarlE 6-EITNTE FICORE
VeRR LI, £, ABERIL2E, SMo&EA A ikl EsNL. HREER L
R U 2 KIS E i+ 2835 L LT Pseudomonas sp. AP-3 ¥REISRD 2-7 X / L
aVEgE FT7IF—F W LI OV TR L7z, AP-3 HREISRORIEEH I, EEFRE,
SFE, Ty MERE, HERS O TEROFEERLE WG BEERSE L i3£2<
RAp->TWABIENLHFHROFTT IF—ETHHERESINTNS V. 10d BREHKDTT
IF—P L AP3HBEDT T IF—E T 5L, VT 2=y FOSFRERPED T/
ENZ L pHEEEICBOWTEEILTWE.., LML, BREREN, Native DHFFE, &
BREOEEBIZB W THENR bIL- (Table 2-6). 10d BB R DOFRIEEFR 355 F & 15, 000
DY Ta=y B RBBRELA v —THHDOIIK L, AP-3 HKORIEERILLF & 16, 000
DHTa=y bhHEBFRET FTw—Thb. 10d FREKORIBESRIL 2 flids L O3 ffid
LEA A VHICR L TIRIERAICHERZIT 50t L, AP-3 BBk D[FBESRIE Pb™,
Hg®, Cu* 72 F DESBEICDOHAELZIT 2. & 5T, 10d HERDORIEEH D N Rin7” I
J BEERB BT LT & 25, AP-3HRERDRIHEEZEHTT —FN—A LOBERDF
NG L REEMEERE o, BEXY, 10dBREEKD 2-7 X/ -5-HARF Y
Lavig 6-EITATFE RO ELEFHOT 7 I F—EBETHD LG L.

FERL L - FBER O WV-VIS A2 MAOHER L OHERESTN G, ABERIIT7 ey
HOMRSTEALTWAS EfERLE (Fig. 2-9). AP-3HROT T I —E LSS
Pseudomonas pseudoalcaligenes JS45 BRHSRD 2-7 2 /) LaVEET 7 I F—E DFHEID
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SNTEHENRH S 19, JS45 BERSRDORIEEZE D AT M VSHTIZE T 280 nm [ZHERIN
TRt D B CEANEAN IR A B S AL720 19, 10d #RE SO FEER I OTEEFE BT
BEEAMLELL L2V, 266 nm (CHERIZ R 2 &2 6 D-7 X /B 7 —BHIC
W L7 5 CLERREA LTVA LB BB W 0, 75 UL SHMHRILE OWE
WCEEEB LU YT Xy rREESLD, EIAMROBKRINS 260 A7 b L
TWABZLENBEND . =A< ERED 280 nm OWIRE, NI 77 RFai T
HO, FAD, N T ~T7 7, FuirOENTNOBREIERIZBT 5V
1% FAD (264 nm, 65,800), FUZ+7 7> (278 nm, 5,500), Fmi > (275 nm, 1340)
ThHY, AEHD L S Native BT AN TFENNSWVEEETIETY 7 B FROEIN
MEEEEALOBARILE 260 nm iz 7 FT5EEX NS, BUBICL>THEL
TR T EEERZ N DOESTHM, M TEl L oRBERICHETD
75 CVEORAERIIERERARM THH LB bND. £, FAD BITUFIN OHt
WEESHHER L T 5 &, AT MUTEE L T3, B2 A7 huiZiewny
TERFOBREEICHENRR OGN, S5IZ, HPLC HITOREE, AEEHR B ROHMBERO
YFrvarv A LA —trF 4y 7OFADBLIURRANDY 7 a v Z A LI
ERRONE. LoT, FEEZEOEETS 7T EUBEHEILFAD B X O PN OFH&E{LEY
ThdrEEZOND. L L, Bl L-FABER 2 RKEICED 2 &38R THREE
Tholil-®, MEEEORERLVERIZHERRPoT.
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Fig. 2-15. Proposed pathway of 4-amino—3-hydroxybenzoate metabolism in Bordetella
sp. strain 10d (A), comparison to the modified meta-cleavage pathway of 2-aminophenol
(B), and to the meta—cleavage pathway of protocatechuic acid (C).

Proposed pathway of 4-amino-3-hydroxybenzoic acid in Bordetella sp. strain
104619 (A). I, 4-amino-3-hydroxybenzoic acid; II, 2-amino-5-carboxymuconic
6-semialdehyde; 111, 2-hydroxy—-5-carboxymuconic 6-semialdehyde; IV,
2-hydroxymuconic 6-semialdehyde; V, 2,5-pyridinedicarboxylic acid; and VI,
2-aminomuconic 6-semialdehyde. (B) Proposed pathway of 2-aminophenol in Pseudomonas
sp. AP-31L3V 1 2-aminophenol; II, 2-aminomuconic 6-semialdehyde; III,
2-aminomuconic acid; IV, 4-oxalocrotonic acid; V, picolinic acid. (C) Proposed pathway
of protocatechuic acid in Bucillus circurans® 3 _ 1, protocatechuic acid; II,

2-hydroxy-5-carboxymuconic 6-semialdehyde; III, 2-hydroxymuconic 6-semialdehyde.
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Table 2-6. Comparison of deaminases.

2-Amino—-5-carboxymuconic 2-Aminomuconate
6-semialdehyde deaminase'® deaminase'?
Strain Bordetella sp. 10d Pseudomonas sp. AP-3
Molecular weight
Native enzyme 34, 000 67, 000
Subunit | 15, 000 16, 000
Thermostability ~70C ~50°C
pH stability 5.5-7.56 5.5-8.0
Fe** (0%), Fe®" (29%), Pb* (54%),
Effects of reagents Mn®* (0%), Co* (0%), Hg* (14%),
NiZ* (0%), Zn* (7%) Cu* (51%)
. PKILVHSDAAPTTGF-
-t
NH,~terminal TINXHTP MVSKADNSAKLVEGK
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# 3% Bordetella sp. 10d DEFET S 2-t FuFhav@ 6-EI7ATEF FEF
' —¥ ORFERE K ORHERRT

EIE P

WOoOBET2-TI/)-5-HIARFLLaALVEE 6-EITATE RiZFT7 IFT—BITLDH
73 RIEB L OEEBEEN AR BREESIZ LY - Fexv AoV 6-EIT AT
RECREINAZEEZHALMNILEY, £/, F1EIBWTI0dHKIT2-E Fefdy
LAavEs 6~ ITAFE K& NDHEFERT e /b —Bickh s bicRBfds2 e
Bk~ B3 BT, -t Fuxiaari 6-EITATE R T Fadib—E%
R, AEEEORUEIBLUORIGEEZAONIITH I L2 AET5. ABEREE
BRL, BohREEEEE AV THRLENHEEEZALNICT S, £, BRRS
AFEMORIES L OISO 21T 5. & b2, FERLEMARHEICEET H8EH
OF e Fu s r—PEERE L T 5.

H2f BEROMER
1. BERIEHENEE
BE -t FexvhaviEg 6-8ITATE K) OFMILHE 1 BEE 2 Hiciewy, 77
)Lk ) EEEANICTRE L7 19, BEREMEIE LS 1 EE 3 /sty 24°CT 10 mK
JS#%41T-7- (Table 1-10). EEEIEMIIH 1 EIE CER LBERBEM KLV EH L.
2. 4-7 3 /-3-t Fux RZREBREHTORE
AREOREHRFIETE 1 EH 2 @i BT,

3. BERORER
FESRERL I BIT BT _TOEREIR 4°CUT TiTo =, w072 T, 20,000Xg, 10
S D&M TITo 7.

(1) SR oM

BRI 2. 4L 225 10d BROHEE% 33 g B72 (BEE). BEE 1gH72Y 10ml D 20 M
Tris-HCl &% (pH 8.0, buffer A) ZMATHEEL, 52 EE 2 HioFEIHEN,
MR HiE %58 7-. (Fraction 1, 330 ml)
(2) EREEEERRAME

%%@%mm;gwéwm)m@xbv7%74vyﬁﬁ%%%§ﬁwéwm)&&
BE SR U BIRM L7z, 30 AR L7k, MmOoHEC X 0 LB L kb
%, LiE#8B7-. (Fraction 2, 330 ml)
(3) WRLE

Fraction 2 12, EERARRZE & 30%EARNIT A2 5 & D TR L3 BN A 72, 30 sy e 1,
EOASBEC X VI ERE L. Bbhi BFICHE S 50%fafnL 22 X HiTmz, 30
Sy, EOSEHC XV KRB EEIR Uiz, hE % buffer A 30 ml IZ¥SfF L721%,
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4,

buffer A 1L Ik LCHBMT L7z, 3 BERIR &I 1 EBITIMNRE ML, —BRE L.

(Fraction 3, 63.0 ml)

(4) DES2 AT hZu~whSTT4—

Fraction 3 % buffer A |2 C3F{k L7~ DE52 (Whatman International Ltd., Maidstone,
England) # LA T L (2.1X22.0 cm) IZT7 754 L7z, 230 ml @ buffer A TH
S5 AEYE LI, 0~0.3 M NaCl 2&%p 1100 ml @ buffer AZANWTI =77 50T
v MEZELD, FHE 42 nl-h? TEEEREH L. £7 773 a (6.0 ml/tube) DOFF
FIEERB LY v BREZIE LZ. BIEVEES 24D buffer AITK L T—BuET %
iT-7-. (Fraction 4, 70.0 ml)

(5)  DEAE-Cellulofine Z 7 AZu~ S 737 4—

Fraction 4 % buffer A {2 CEM#HL L7z DEAE-Cellulofine A-800 (4{bF I, HI)
RIS T A (2.1X25.0 cm) 127 F T4 Liz. 260 ml @ buffer A TH T L& B
L7=#, 0~0.25 M NaCl #%%p 1300 ml @ buffer A Z V) =7 75 P MAILX
W, WEHA42 ml-h CEEEAARE L. BEEESEED20M Y B VLTI Y
LERERE (oH 6.5, LL#% buffer C) \oxFL T 3 BB &I | EFBITIMNRZ AH%, —i
BT LC buffer 3% L=, £75 273 3> (6.4 ml/tube) DOEREER LU HZ N
I EEZRE L. (Fraction 5, 45.0 ml)

(6) DEAE- Toyopearl AT bhZu<hJ 537 4—

Fraction 4 % buffer C % 3\ T¥i{k L7z DEAE-Toyopearl 6505 ( (3~ —, HUi)
BRI HT A (1.6X15.0 cm) (27 7T A L7z, 90 ml @ buffer A TH T L& VLH
L7724, 0~0.20 M NaCl #&%p 450 ml O buffer BZRAWTY =7 75V = MEIZ X
W, FoE42 ml-h TEREEBEHLE. £7727 33 y) (3.0 ml/tube) DEERTEMER X
VE X EEZME L. (Fraction 5, 15.0 ml)

ZURIEDER

BT Lowry EIC L D ER LI 20, fEHEL VS HE LT VIIET VT I
AV,
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<FEFE>

L.

EEEOREH

FNERIEEPEIC BT AREREMEB L OF /2B E% Table 3-1 ITRT. BRESTENIID
SWCDES2 T L m< k757 4—(Fig. 3-1), DEAE-Cellulofine A-800 4 T L7 1
<~ +2'5 7 4 —(Fig. 3-1), DEAE-Toyopeal # T Lo~ h7 57 ¢ —(Fig. 3-3)ITfitL
7o, ABEBIIERICARRERED, SOICHEETI LN TERPo7. Native BR
KENER LY, BB COEME SIS v B2 ATV, ABERITR
KRB RIEEBEIZ I\ T 0. 6% DINERT 17 (S TR &, HiEHET 0.071 Ung” THoT
(Table 3-1). Lo T, LAEDEHERTE & ORISHHIEOEITIZ BV TR REEE
Fi-.

NaCl (M)

£ 0.05 ‘ 1.6 —0.30

2 0.04 = [-0.24

> RS

2 0.03 g (0.18

o '

o 0.02 % [-0.12

® o

S 0.01 & o.06

>

N

k- 0 ' ' ‘ o o
30 40 50 60 70

Fraction No. (5.0 ml/tube)

Fig. 3-1. Column chromatography of the enzyme on DE52 cellulose.

The enzyme solution (Fraction 3,63 ml) was applied to a column (2.1X22.0 cm)
of DE52 equilibrated with buffer A. The column was washed with buffer A and then
proteins were eluted with a liner gradient (0 to 0.3 M) NaCl in 1100 ml of buffer
A. Fraction of 5.0 ml were collected at a flow rate of 42 ml-h™. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A,protein; and ——— , NaCl.
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g 0.04 0.5 — 0.25

5

> 0.03 1 04 T 020 =
= 2015 =
O 0.02 {103 = o
© c ©
_‘g S —0.10 =
c 0. 1 02 ©

g 00 02 2 L 0.05

9

5 0 ' ' ! ' ' 014 — o

55 60 65 70 75 80 85
Fraction No. (6.4 ml/tube)

Fig. 3-2. Column chromatography of the enzyme on DEAE-Cellulofine A-800.

The enzyme solution (Fraction 4, 70 ml) was applied to a column (2.1X25 cm) of
DEAE-Cellulofine A-800 equilibrated with buffer A. The column was washed with buffer
A and then enzyme was eluted with a liner gradient (0 to 0.25 M) NaCl in 1300 ml
of buffer A. Fraction of 6.4 ml were collected at a flow rate of 42 ml-h™'. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A,protein; and ——~ , NaCl
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g 0.002 evanensee | 0'02 o a 0.04
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Fig. 3-3. Column chromatography of the enzyme on Phenyl-Toyopearl 650S.

The enzyme solution (Fraction 5,45 ml) was applied to a column (1.6X15.0 cm)
of Phenyl-Toyopearl 650S equilibrated with buffer C. The column was washed with
buffer C and then enzyme was eluted with a liner gradient (0 to 0.2 M) NaCl in 450
ml of buffer C. Fraction of 3.0 ml were collected at a flow rate of 42 ml-h™. The
protein concentration and enzymatic activities were assayed. Symbols: O, enzymatic

activity; A, protein; and ———- , NaCl.

Table 3-1. Summary of purification. -

Total Total Specific
Volume . . . .. Recovery
(m]) activity proteln activity (%)
) (mg) (U-mg™) °
Cell extract 330 16 3, 900 4.1%x1073 100
Streptomycin sulfate 330 14 3, 800 3.7X10% 88
Ammonium sulfate 63 12 1, 300 9,2x107° 75
DE52 70 2.4 52 0. 046 15
DEAE-Cellulofine A-800 45 0.9 _ 12 0. 075 5.6
DEAE-Toyopearl 650S 15 0.1 1.4 0.071 0.6
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553 RERIBER O RHEART

1. YE{bFHEE

<F#E>

1. pHBXHEREREME

(1) pHZEEH _
pH 3. 0~11. 0 DEFEERZ ML, BRRE TR ENOBEIRIZ LT 24 BERLEIT L
7218, BETABERMELHEE L. 50 oM FHEE-EEEE S U U A (pH 3.0~5.5), 50 mM
Yo U a-F hYU wa (pH5.0~8.0), 20mM Tris-HC1 (pH7.0~9.5) 33K T 50 mM
Na,00,~NaHCO, (pH 9.0~11.0) DO&EE K Z AV TITo 7.

(2) BEREHE
AEEFE & 20°C~T0°C DAIREE T 10 2y MIMNEAER U7-1%, 55 1 ZEH 3 iR LIRS
ZEWT (Table 1-10), BEfFTHEEREZHE L.

(3) EERTEMEICRIEY pH O
100 mM BEEE-FEEEF RV & (pH 3.0~5.5), 100 M V > EEH Y v A-F U L (pH
5.0~8.0), 100 mM Tris-HC1 (pH 7.0~9.5) 35 & T* 100 mM Na,CO;-NaHCO; (pH 9. 0~11.0)
DERBERE AV TIT 7=,

2. flg bR

<FE>

(1) HBEAREORE
KEEEIZ 52 DEBA A, —SHEEHRIE, L — MAESEORELH . BRK
(2.6mg-ml™) 0.3ml 12, BFERIWOKBEN 1 mM 12725 X O & ELEwEIRMLI.
KT 10 Sy L=, EEEELE.

(2) HHERAE%E
FREOEMEEE LT AEERCRERE L, RGOEITIZHY, NAD'AS NADH
NEIEIND Z L BT 340 m BT ARREOHEMERET D Licky, EE
BRTEERDDINE D DEFN. RBLILEMIL, BEERT AT e FEELT
RALT T E K O(HCHO, BRILRRTIE, B, 7' T7ATE F (CHCHO), 7'wm
YA 7 AFE B (CHCHO), 7FATATFe F (CGHCHO), Za b TAFEe R
(CHCHO), m~FNTAFE R (CHCHO, LAEFH T AT R, WH) O 55
k&VXTw?tP(Qmﬂm,ﬁ%%%,kW)Tbé.

(3) EERBUSHEEW
Lineweaver & Burk i3 |2 &V 2-t FuFxT ha g 6-EIT7/NT & FIZXT 5
AEEFR O M EEHE L.
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<HEE>
1. pHBIPBREREME
(1) pHEREME
ABESEIL, 50 mM ERAR-BEEE b Y U AEEIRIBS X OV 50 M YV EEA Y U L-F R D
LR (H 4.5~5.0) T 70%LL EOBEFEEER Lz, £z, O pHEIFHPATIE 50
mM FEES-FERE T b U U WIREE (oH 4.5) IZBW TR BEETH 7. (Fig. 3-4)

__ 100
X
380-
2 60|
®
040'
>

-

w 207
©

¥ ~ , ' 1 .

0 20 40 6.0 80 10.0 12.0
pH

Fig. 3-4. Effect of pHs on the stability of 2-Hydroxymuconic 6-semialdehyde
dehydrogenase.

The enzyme was incubated in 50 or 20 mM buffers of various pHs at 4°C for 24 h,
and then the remaining activity was assayed. The buffers used: A, acetate;

O, sodium-potassium phosphate; H, Tris—HCl; and <, Na,C0,~NaHCO,.
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(2) BEXEHE
AfEFEL, 40°CE TIE T0%LL EofEEEZ#ERF LZ. UL, TR EOBRE TIERE
EL 0, 55CT 43% F TIEMEMMET Lo, AEEEIL 65°C TRAICKIE LT (Fig. 3-5).

100

N A O O
o O o o

Relatuve activity (%)

o

20 30 40 50 60 70 80
Temperature (°C)

Fig. 3-5. Thermostability of 2-Hydroxymuconic 6-semialdehyde dehydrogenase.
The enzyme was incubated at various temperatures for 10 min, and then the remaining

activity was assayed.
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(3) EEREMICRITT pH ORE
AEEFEIL, pH 8.0 ICBWTHEAEMELZR L (Fig. 3-6). L»L, pH 9.0 TARMIZ
EHEMET L.

100 O
X

b 80 [

Z 60 |

(8]

(14

d>> 40

=

o 20 |

D

(14 0 O

40 60 80 100 12.0
pH

Fig. 3-6. Effect of pHs on 2-Hydroxymuconic 6-semialdehyde dehydrogenase activity.
The dehydrogenase was assayed in 100 mM buffer solutions at various pHs. The
buffers used were: O, sodium—potassium phosphate; H, Tris-HCl; and

<>, N32C03_Nch03.
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5. fil(bFRIEE
(1) KERAEORE .
KEEZDEMICE 2 AEBEREOBEIZOVWTHETL, BLN-fRFEE%E Table 3-2 I
Tt ABEEIILSEA AL TR L o D He®, Cu¥, In?E0 2 flino&EA Ay, prun
AT )V EREEBRB IO F L~ LA I FEO-SHEEHREIC LV BmIEE S,

Table 3-2. Effects of various compounds on 2-Hydroxymuconic 6-semialdehyde

dehydrogenase for 2-hydroxymuconic 6-semiardehyde.

Compound Concentration Rema.lir}ing
(mM) Activity (%)
None 1.0 100
FeS0,* TH,0 1.0 89
FeCl,-6H,0 1.0 83
KsFe (CN) 4 1.0 100
AgNO,4 1.0 100
MgS0,- 7H,0 1.0 100
HgCl, 1.0 0
CuS0,+5H,0 1.0 0
MnSO,+4~5H,0 1.0 94
CoCl,*6H,0 1.0 83
NiS0,-6H,0 1.0 76
ZnS0,+ 7H,0 1.0 26
CH,ICOCH 1.0 69
PCMB ® 1.0 41
DTNB ¥ 1.0 82
o, -Dipyridyl 1.0 82
MNEthylmaleimide 1.0 18
Tiron 1.0 85
EDTA 1.0 85
o-Phenanthroline 1.0 82
NaNj 1.0 90

a) PCMB, p-chloromercuribenzoic acid.
b) DTNB, 5,5-dithiobis(2-nitrobenzoic acid).
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(2) ZEHRRHE
AEEZICBIT A HEHFREORE RS Table 3-3 (TR T. ARERITEERHRAENILL,

-t Faxvbhav@ 6-EI7 AT RESMILFRLVLTATE R, TR FTATEF,
FuFrTATE R, TFATATFE FEDTAXVEDRFE Co~C; DEHIRT L
Fe FEF TR, RUVATATE R LTHEREEZRLE. LML, SHICEHD
FTAFANENSRD 78 R TATE R (C) BEORr~FLATATER (C) ITHL
T EEE RS otz £, RBRLE(MEAHOFTTE T AT R, Fa’s
YTATFE R, TFATATE RICH L TREOEE THD 2-k Frdvhav ik 6t
ITATE RED bEWEEERLE.

Table 3-3. Substrate specificity of 2-hydroxymuconic 6-semialdehyde dehydrogenase.

Substrate Relative activity (%)
2-Hydroxymuconic 6-semialdehyde 100
Formaldehyde (C,) 16.5
Acetaldehyde (C,) 113
Propionaldehyde (C,) 107
Butyraldehyde (C,) 138
Crotonaldehyde (C,) 0
mHexylaldehtde (Cy) 0
Benzaldehyde 25.0

(3) EERRICHEERR
0.32 pM~16.11 pM D 2-t Faxvha v 6-EITAT e FEEE L LTRIGZT
V), Lineweaver & Burk®” 71> b5, Al 0.95 pM ThHoTz.
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WA BEERIGEEMONEE - FER X CRISHEHE DT
<FHE>
1. EERRUSEEDHOLEEL FIE

(1)  BEEREIS
0.88 mM 2-t RE ¥ Az EE 6-EI7 /A5t K6.0mnl, 5mM NAD' 6.0 ml Z/NZ72

100 mM U »ERA Y U 5-F b U U NRERK (pH 7.5) 159 ml T, MoRSHEER (660 pe-
ml™t) 9.0 ml MY 5 Z & THEREISZBE L, 24 CT 1.0 M, 100 rpm THRE 5
s AP NN
(2) BESERISEEDOFHEMRL

BEHERISETER, RS2z AR L —F—C30 ml £ THERML, 6.0 NHC1 ZHW»
TpH 3.0 IZFEEL7-. FD#%, BRR=F /T3 EHEZIT, AREREBLZ G, A
VR B I EATREE T B Y U A2 AW TCRAKRBEORBERZB 2TV, T —F—HNT
1HEE L, EELEZBERSAEEY (- Faexdbharyig) i
N, 0-bis (trimethylsilyl)-trifluoroacetoamide-7 & b=k VY JLRATR (v/v, 1:0.2)
300 ul M T 85C, 1.5 BMEIGEH, KBEEBIUINVRFIVEEZ N AF VY
Uk Lz, U AFALT U ME LTEEH % GC-MS izt L7z,
(3)  GC-MS &#7

R AFALY LBV RV VFERIE LU ILEMIZASL 6-3000 A7 u< b7
Z 7 (BSCBYWERT, BOR) % L7z B3 M-2500 —HIUREESITFH TITo 7. &%
1)/ Y et e

[5ef4]
- %75 I : TC-1 fused silica capillary column (0.25 mm X30 m, GL %A =X, ®H) ;

100°C (1 min)—(10°C/min) —280°C
« X% YT HA :He, liner velocity 2.5 cm/min
- INJ/DET : 250°C/280°C
- ¥ : MS (ionization, 70eV)
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<HEER>
1. BERRISEEMORE

FEML UEERRIGEEYE GCMS AL, WEMTL (Fig. 3-7). U7 i=
v HALT.9% (Compound C) IZAA L E—27MNE SNz, Compound C HHSEDT7 T 7 A
F—a VENTT A L, m/2374 (M), 359 (M~CH,), 344 (M™~CH, X 2), 257 (M*~C00S1i (CHs) ),
147 ([ (CHs),Si=0-Si (CH,),]*), 143 (M'-C00Si (CH;),~CHCOSi (CHy) ), 73 ([Si(CH3),l") TH
v, LB P Y AFAS U MEERT 2-E FuXv ha BThHhAEREL. &6
2, A—krF 4 IO -t RuxihavBERAVWCRRCHEERLL, SEiTom
CIAYTF UL avEALLETTTAT = a N E— LT

257 OSi(CH,)
100 o 7 (Y o
3 coSZRRHSH
S 80+
[
g 143
£ 604
é )47
©
&: 374 (M)
359
344
|H T I |.l l .
0 100 200 300 400

m/z

Fig. 3-7. Mass spectrum of trimethylsilylated compound .C.
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Eofli BENLER
EIEIIBW TR LEZ2-E Rax i aavlE 6-kIT7AFE FOMBEEEORNE X
OURIEARAT, RISHSEOIT 21T o 7o, ABERIIEHICREE Tho7olc, BTk
B2 EAHERNo Tz, Lo T, MoRBNEREAWT, BREFHEERIT
LRSS 2 B LTe, RISEEOMNT G, AEEEZ NADYKAFR 2-& Fuf i
LAaviEgk 6-EITNAFE R Fe Fult—B LiER L7z, KBEFEE Pseudomonas sp.
AP-3 BEHSE®D 2-7 I/ A VBE 6~ ITATER Fe FayrF—€8 W BIO
Pseudomonas putida mt-1 BEHIED 2-t FuXT haUfE 6-EITATE R Tk e
Hp—8 3 LRI O TR D & W O DER R O,
-t Faxs ha i 6-kIT7NAT e FORBHCES T 5E5RL, BERO P putida
mt-2 BRI L B I T a— DA FBERKICIEVT 2 BEORBZENHEINLTWND ©
(Fig. 3-8). 1-Di% NAD'FEIETFRINA FrF—BIlZkD 2-k Faxi bha @ 6-k 3
7NAF e K (Fig. 3-8, Compound II) 2% 2-A4% Y~y h~4-x= F (Fig. 3-8, Compound
IV) IO SN AREHRIR, &5 —FI% NADRERS e Ka /- —FIicky, 2-t o
¥ havE 6-EITAFE RAS 2-k Fu¥ Az (Fig. 3-8, Compound M) {Z
THMENDIRBETH S, 51 3T 10d ik EMafhERIE NADEFR O 2-k Fo
Forasig 6-EITATE K T Fualh—EBEkosrmd e nrgshic (Fig
1-2, Table 1-14). HRAYREILL7-ABES 2 VT NAD'SEE FIC TRERRS 21TV, 2-E
Faxshavig 6-EIT7ATe REDAERLIALEHEZEESITICLY 2- Fax
vhavEBEERELE Fig 3-7). ZhbDI kb, 2~k FaXxirha @ 6-tI7
VT b RIZNAD4E7E T CABER, NADYRTFRI 2~ Fr¥ o ha it 6-2IT7 AT R 7
b Nosr—PickoT -t ke ha v @icEfiahd L L (Fig. 3-8).
AEEEITHEREENELS, - Faxihat 6k I 70T b FEAMI bHRL A
FALFE R, T PAFE R, 703 T7ATE R, TFLTALTE REDT X
NIEORFE C~C, DESRT VT RIZF TR, RUATATE Rk L THEME
L7 (Table 3-3). Lavh, ABEZEIRBRLIZ{LEHOFTTEITATE R, 7
nEFrTATE R, TFATATE FIZH LTRROEE THS 2-k Frdrhay
B 6-EITATE RV bEWEEER L2, B OEGESE & BEAFRMEICEL TR
W L7-. AP-3ERERD 2-7 I/ bhavfg 6-kITATE R Fe Fadf—EbEii
BEHRENELS, KEOEBETHD2-7I /L3 6-2IT/NLTE FOMIZH Table
34 TR LT AT FEICH L TEREZ R LR, RUXTATE Rk L TiEe<E
MEAREW D, BHERT LT FEUSMIRCXT AT e Rzt LTHIEEZRTR
SEEEEE L LT P putidamt-1 MEEED 2-& Fux i bhal @ 6-2IT7LTE N T
bt Fasr—E® pBgfons. REOTe kel r—EbEk, BEUSAOIT 2—
NVERBAZULAMLISMI AR AT AT e Rkt L THIEEEZRT. 10d BRESROAREERID,
Hg¥, Cu®, ZnZ*RED 2 MHliDERA A BLV p-run 2 ) I NVEEERE, FFr<
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LA I NS LTELWVELZZT I L00, BROEEPRLIC-SHEEZRLTWDSZ
AR AN, AR LEL LT e Ru b —PEE & LT AP-3 BRERD 2-7 X/
Lavig 6-EIT7AFTE F Fb Ruabh—8 0 LRI oW THER L7z (Table 3-4).
10d BRERODOF & Fu s —+¥ & AP-3 fklkoOT b e r—E2 T 5L, BER
EMEBLOEE pH IZBWTEH L TW:. LA L pl FEESCEEREOLE, LER
FAEITRVTHEN B 57z, 10d BRHE R ORIEESEIE Zn®, He™, Cu® 72 E O BB O,
£ ) 39— FEEE, POB BL U F=F b= LA 2 REDO-SH BEEMiAIKIZE LW HELR
FADIZKTL, AP-3 BRHIEDRBERIT Ag”, Hg? S OEERA A, -SHEMMAREIZEAL

TIZPOMBICDARELZZIT D &V ) S THENR L.
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o]

|
2-Hydroxymuconic CH, COOH

6-semialdehyde
\'/|
hydrolase
HoOC OH | cHE00H
E1 E2 Noenzymatic NAD*
' I
NADH
2-Hydroxymuconic
6-semialdehyde ~.-OH
dehydrogenase [ e >
COOH
COOH

1]
Fig. 3-8. Propésed pathway of 2-hydroxymuconic 6-semialdehyde metabolism in
Bordetella sp. strain 10d.
1, 4-amino-3-hydroxybenzoic acid; II, 2-hydroxymuconic 6-semialdehyde; III,
2-hydroxymuconic acid;IV, 2-oxopent-4-—enoic acid; El, 4-amino-3-hydroxybenzoate

9, 3-dioxygenase'®; E2, 2-amino-5-carboxymuconic 6-semialdehyde deaminase'®.
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Table 3-4. Comparison of dehydrogenases.

2-Hydroxymuconic
6-semialdehyde

2-Aminomuconic
6-semialdehyde

dehydrogenase dehydrogenase'V
Strain Bordetella sp. 10d Pseudomonas sp. AP-3
Thermostability ~40°C ~40°C
pH stability | 4,5-5.0 6.0-8.0
Optimal pH | 8.0 7.5

Hg* (0%),

Cu® (0%),

In* (26%),

PCMB (41%),

CH,ICOOH (69%),

MEtylmaleimide (18%)
Formaldehyde (16.5%)
Acetaldehyde (113%)
Propionaldehyde (107%)
Butylaldehyde (138%)
Benzaldehyde (25%)
HMS® (100%)

Effects of reagents

Substrate specificity
(Relative activity (%))

Ag® (0%),
Hg* (0%),
PCMB (0%)

Formaldehyde (0%)
Acetaldehyde (41%)
Propionaldehyde (18%)
Butylaldehyde (9%)
Benzaldehyde (0%)
HMS® (50%)

a) 2-Hydroxymuconic 6-semialdehyde
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#5475 PBordetella sp. 10d DAEFET S 4-AFVPurua bk ¥—F 25 —EDEH
B L ORHERFAT

B FF

WIET-E R hari 6-EIT7 AT RIINDHEFER T € e s —BIic X
D 2-t FeXIAas@BicBiehs BN LE. E2, B 1 FEIBWT 10d
BROEMIFIEIR L Y 4-F Y uro bk F—F A5 —EEEZRWELL. £Z2T
WAETIE, 4 FxVuso bl F—FAT—EE2RBRL, KEROFERITE LT
RISHEZBHOMNCTE L2 BN LTS, AREEZRBRL, GohBEEZZHNy
TRER(LFMEEELZHLMIT S, £, BRERIGEEDORER L ORISHENE OfiF
a7y, SHIHFRREEMREICHEETIBMO Y —F A T —VHFHL LT 2.

o BEROBEH

1.

2.

3.

BERTE R E

HE (2-b Faxihalmg) OaKN 135 1 25 3Mcio /. BEREERIEILS
1 #4553 fiTHEyy, 24°CT 10 SRS EITo72 (Table 1-11). BEREMIIE 1 858 3
HiCER LBERAL IV EH L.

4-7 2 7 -3-& ¥R EERISHTORE
AEORFITIETE 1 BH 2 B0 F LI T2,

BER DOFER

BEEISEUC BT BT T ORE 4CU T TiTo 7. LML T, 20,000Xg 10
DG TITo 7.

(1) EHiafhiigoFR

BERRIR 14.4 L 725 10d BROE % 57 ¢ 57 QREEK). EEE 1 ¢ H7Y 10 ml D 20
mM Tris-HCl #B%#& (pH 8.0, buffer A) ZMx CTHREBL, 52 FEE 2 HiOHEITED,
AT 21572, (Fraction 1, 570 ml)
(2) EREZERERME

EMRAIHIRIZ, 20% /v)BEBER b U7 b oA T U RIRERCIREED 1% (w/v) L7125
L ITIB LN IR L7, 30 SRR L1k, SO0 BEC X 0 IR L e iR 2 FRE,
FiEA187-. (Fraction 2, 570 ml)
(3) WRELIHE

Fraction 2 IZ, EERATRZE & 58% AR /2 5 & 5 1R LA SN x 7. 30 3z,
BOSEEC LV IEERERELEZ. Boh EFBCHRETE 12%fafe s XDz, 30
ASTRER%, HOSBEC X VIR A EIL L7z, CE% buffer A 30 ml Z¥EfR L7214,
buffer A 1L 123 LCEIT L7, 3 BRI &IC 2 EBITIMNREZZTH L, —BR&EIT LI,
(Fraction 3, 38.0 ml)
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(4) DES2 AT AhIm<w ST T7 14—

Fraction 3 % buffer A |2 CY¥A4G{k, L7~ DE52 (Whatman International Ltd., Maidstone,
England) ZFE LA T L (1.7X22.0 cm) 77T A L7z, 150 ml @ buffer A TH
S AEPEF L1, 0~0.3 M NaCl Z&¢e 750 ml @ buffer AZBVWTY =7 77T
MEICED, FWoE 42 ml-h?! CEEEZBEHLE. £75 27 a2 (6.8 ml/tube) DEEE
EMEB LU N BEERRE L. SERES 249 buffer AR L T—BuET 217
o7z, (Fraction 4, 47.6 ml)

(5)  DEAE-Cellulofine 7 hZ7u~< /57 14—

Fraction 4 % buffer A |2 Tl L7- DEAE-Cellulofine A-800 (ZA{bZFI ¥, HI)
BFE LN T L (1.TX22.0 em) 27 7 FA Liz. 150 ml @ buffer A TH T A% i
L=, 0~0.25 M NaCl #&%p 750 ml @ buffer A Z AWz ) =7 /5T MEICXK
D, WE42 ml-h CEEEAAEE L. BEEESZED 20 MY BV VLT NI Y
LIEEWE (oH 7.5, A% buffer D) 2% LT 3 B¥fld &1 1 BT /MK & 2Hatk, —Hh
BT LT buffer XA L=, 75273 3> (5.2 ml/tube) DOEEHEEERL LUF N
I EEZRE L. (Fraction 5, 36.4 ml)

(6) Phenyl- Cellulofine AT AL/ u<hrF 537 14—

Fraction 4 % buffer D % iV CEA{k L7~ Phenyl-Cellulofine (LT EE, H)
BFRELIESIT A (1.7X23.0 em) (27 7T A Liz. 160 ml D buffer A TH T &g
L7, 1. 0~0 M AmSO, 2 &2e 800 ml @ bufferD #FVWTY =7 77 V= MEIZL D,
FoE 42 ml-h TEEEEZBEHE L. 7527 3Y) (5.2 ml/tube) DEERTEMEI LU
VR EEZRIE L. (Fraction 5, 31.2ml)

4, BFUNIJBOEE ‘

& XYL Lowry EI2X D E% L7= 2, [EYes R e LT VBT VT I

Wz,
5. EXKE

(1) RYTZINTIFFVERIKE

0 B 3SR K D IT Davis HOFIED IRV, HREEROMEZRFIL.
@ SIS-HY T2 YNAT I FFVEKKE

o2 T 3R _72 X 9 1T Weber & Osborn D J5i5 0 | CEHIBER DM ZBET LTz,
<WEHE>

1. BERORBR

FASTIEPEIC 31T AR EEB L OF /RS Table 4-1 (R T. BRETHEIZD
SWTDES2 BT LY r< hZ 57— (Fig. 4-1), DEAE-Cellulofine A-800 T A7
o< k457 ¢ — (Fig. 4-2), Phenyl-Cellulofine # ¥ L7 u~ h 75 7 ¢ — (Fig. 4-3)
ICHEL, AEESEZB—ICRNT 5 2 Lk (Fig. 44 (A), (B)). mHEREERIT
2. 0% DL R T 1000 FicHEM S, HIEMEIL 186 U-mg™! ThH-olz (Table 4-1).
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T, ERBHEEEELRY T 2 YUAT I FALVERIKENCHLIEEZA 1 ADAUF
AR LN Fig. 4-4 (A)). SDS-RY 77 Y L7 I RFINWVESKIKEITIL, 4F& 12, 000
1RO FRHRLNT (Fig. 4-4 (B)).

£ 8.0 1.0 — 0.30
S -
b 6.0 | i 0.8 E — 0.24 .
2 { 06 & 018 =
© 4.0 - O
L { 045 o012 2
T 20 | o
{ 02 £ |-

% m}! S & | 0.06
g5 0 ' —— o - o

20 25 30 35 40 45 50

Fraction No. (6.8 ml/tube)

Fig. 4-1. Column chromatography of the enzyme on DE52 cellulose.

The enzyme solution (Fraction 3,38.0 ml) was applied to a column (1.7X22.0 cm)
of DE52 equilibrated with buffer A. The column was washed with buffer A and then
proteins were eluted with a liner gradient (0 to 0.3 M) NaCl in 750 ml of buffer
A. Fraction of 6.8 ml were collected at a flow rate of 42 ml-h’. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity; A, protein; and ——— , NaCl.
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Z 50 012 0.25
S 40| 010 = —0.20

> —
2 0.08 3 S
S 3.0} 2015 =
£ 0.06 % S
(3 5 -

o 20 0.04 3| 910 =
H amy L] o

e 1.0 0.02 & [—0.05

R

e 0 0 i
w40

Fraction No. (5.2 ml/tube)

Fig. 4-2. Column chromatography of the enzyme on DEAE-Cellulofine A-800.

The enzyme solution (Fraction 4, 47.6 ml) was applied to a column (1.7X22 cm)
of DEAE-Cellulofine A-800 equilibrated with buffer A. The column was washed with
puffer A and then enzyme was eluted with a liner gradient (0 to 0.25 M) NaCl in
750 ml of buffer A. Fraction of 5.2 ml were collected at a flow rate of 42 ml-h™.
The protein concentration and enzymatic activities were assayed. Symbols:

O, enzymatic activity; A, protein; and ——— , NaCl
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_ 10 0.006 1.0

EE =

S 0.8 | 0.-005 % —08 =
2 06 10004 EL g6 o
% 1 0.003 < P
: 0.4 | 0002 3[04 <
= o

3 0.2 1 0.001  [0.2

> 0 - 9 — 0

S5 120 125 130 135 140 145

Fraction No. (5.2 ml/tube)

Fig. 4-3. Column chromatography of the enzyme on Phenyl-Cellulofine.

The enzyme solution (Fraction 5,36.4 ml) was applied to a column (1.7X23.0 cm)
of Phenyl-Cellulofine equilibrated with buffer D. The column was washed with buffer
D and then enzyme was eluted with a liner gradient (1.0 to 0 M) AmSO; in 800 ml of
buffer D. Fraction of 5.2 ml were collected at a flow rate of 42 ml-h™'. The protein
concentration and enzymatic activities were assayed. Symbols: O ,enzymatic

activity;, A, protein; and ——— , AmSO,.

Table 3-1. Summary of purification.

Total Total Specific

Volume .. . .. Recovery
(nl) activity proteln act1v1t}r (%)
(U) (mg) (U-mg™)

Cell extract 570 1,100 6, 000 0. 18 100
St‘reptomycin sulfate 570 960 5, 000 0.19 87
Ammonium sulfate 38 670 650 1.0 61
DE52 48 220 40 5.5 20
DEAE-Cellulofine A-800 36 120 2.2 55 11
Phenyl-Cellulofine 31 26 0.14 186 2.0
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o I e B e B

<+—12,000

@ @

Fig. 4-4. PAGE(A) and SDS-PAGE(B) of the enzyme.

(A) PAGE, the purified enzyme (10 u g) was electrophoresed on a 12.5% (w/v)
polyacrylamide disc gel (pH 8.0) at 2.0 mA/tube for 2h in a running buffer of
Tris—glycine (pH 8.3). (B) SDS-PAGE, the purified enzyme (10 ug) denatured with
SDS was electrophoresed on a 12. 5% (w/v) gel containing 0.1% (w/v) SDS at 6 mA/tube
for 3.5 h in a running buffer (pH 7.2) of 0.1% (w/v) SDS-0.1 M sodium phosphate.
The gels were stained with 0.25% (w/v) Coomassie Brilliant Blue R-250 in a solvent
of ethanol-acetic acid-H,0 (9:2:9, v/v/v/).
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B3H HEREER ORI
1. YE R
<FiE>
(1) FNVEREIC L3 TFEORE
AEEE 1ml (0. 1mg-ml™) BEUO=—Hh— (% 5mg) ZHT Cellulofine GCL-1000sf
(3.2%x58 cm) (E{LFTE) ETiTo7-. ¥— 7 —Ii% Boehringer Mannheim (Mannheim,
Germany) Z{HEF LY. Thbb, Frru—»~h ¢ (HFE, 12,500), ATTNLVT I
(43, 000), 7 MIET AT 2 > (67,000), 70 KF—F (160, 000), 7 &% 5 —E (240, 000)
ThHd
(2) SDS-RYTZ YNAT I RFVEKKENEICL 253 FEDRIE
oD FEICEST-. = —HF—I%, Low Molecular Weight [LMW] Calibration Kit
(Amersham Pharmacia Biotech, USA) & Peptide Marker Kit (Amersham Biosciences,
USA) #fEH L7. 7 bH, Horse myoglobin peptides (16,949), Horse myoglobin
peptides (14, 404), Horse myoglobin p\eptides (10, 700, L.t Peptide Marker Kit),
a-F 7 FTNT I (TR, 14,400), RE MV 7T oA e & — (20,100), WV
R=w 7 F5—F (30,000), A7 7/7 I (43,000), v MiET VT I~
(67,000, LLE Low Molecular Weight [LMW] Calibration Kit) T®h 3.
2. pHBITREREM
(1) pHEEM
pH 3. 0~11. 0 DEAFEERZ L, BEFEIK 0. 5ml & TN Z N OBEEHRICT LT 24 B
BT LT4%, BBTfET ABERTEME 2 BIE LY. 50 mM BREE-FEEE - Y © 4 (pH 3. 0~5.5),
50 M VL EES U A-F Y A (pH 5.0~8.0), 20 mM Tris-HC1 (pH 7.0~9.5) B
X U850 mM Na,CO,~NaHCO, (pH 9.0~11.0) D&FREKE A\ TITo 7.
(2) BEREM
EER % 20°C~T0°CDA&IBEET 10 HFIMBVLER U1, % 1 B8 3 #iloR LI RIS
#ZHAWT (Table 1-10), BFTHEMEZIELZ.
(3) EEEEMICRITT pH OB
100 mM BEEA-HEEET RV 7. (pH 3.0~5.5), 100 mM U > EEA U v A-F b Y 7L (pH
5.0~8.0), 100 uM Tris-HCl (pH 7.0~9.5) 33K T* 100 mM Na2C03;NaHCO3 (pH 9. 0~11.0)
DEFREIRE AV TIT o 72,
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3. flbFERIHEE
<JFFE>
(1) HEAERORE
KEEHFICE X BEBA A, -SHEBHMHRIE, XL — MARZEOREZW . BRI
(27.4 mgeml™) 0.5 ml IZ, BRERFEOKIBEN | oM 12725 X 5 IZ&BLEWETRML
72, KT 10 SRIE Lk, EEEZHE L.
(2) EBFEEHCEXZEETTFul/oRERAEEICGXEH T e/ ORE
AEERICEZ ARET Fu V7 OEBIIOWTHEA, BEFHK (19 mg'nl™) 0.3 ml 2,
FREIE T o e RPREN 0.183 s IZ725 X S IZHM L. JKHT 10 sRHE L7
%, H1EHIHCHY, 1 oBRICSE, FHERIE L. BB L7 bawiTEii+s T
broh-x ) — ik b R B, 2-A4 % YV EERE (CH,-CO-COOH), 2-7 3% Y 7 L& VB
( HOCO-C,H,~CO-COOH , LA EFnk#i3k, KWR), 4- A FAr-2-F %V EEE]K
(CH;- (CH;) CHCH,~CO~-COOH), 2% h-mEHEEE (CH,~CO-COOH, LA EHURU{LAK, HAE), 2-
Fx V2 h-4-ff ® (CH,=CHCHC (OH)-COOH), A ¥ o EEEE (HOCO-CO-CH,-COOH,
FyesizE, KR) O6fEETHS.

4. BERRUSHEER
Lineweaver & Burk #£ % 12 Xk WV ABEFE D M ER L O hax [EZHIE L7,

74



<HER>
1. RXFE
(1) FAERBCE A0 TFEOUE
F NIRRT & B ABEFE O TEIL 51,000 Tho7z (Fig. 4-5).

-
o
(=

LI B S S I

.

Molecular weight ( X 10)
S

1 ! L ] !
210 220 230 240 250 260
Elution volume (ml)

Fig. 4-5. Determination of the molecular weight of 4-Oxalocrotonate tautomerase by
gel filtration.

The enzyme (19 unit) and markers (5 pg each) were placed on the top of a column (3.2
X 58 cm) of Cellulofine GCL-1000sf, and then eluted with buffer B containing 0.2 M
NaCl. Symbols: 1, cytochrom ¢ (molecular weight, 12,500); 2,ovalbumin (43, 000);

3, bovine serum albumin (67, 000)_; 4,aldolase (158,000); 5, catalase (240,000); and

@, purified enzyme.
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(2) SDS-WY T UYNT I REVERKENEIZ L D20FEOHE
SDS BRIKEI TIEAREZ DS F &I 12,000 THo72 (Fig. 4-6). FAJEEI a2~ b
7574 —OFRERIY, AEEEE, 12,000 DY o=y bbb 4 B2ETHL LR
LT

100

Molecular weight ( x 10-3)
o

1 L L ]
0 01 02 03 04 05 06 0.7

R, value

Fig. 4-6. Determination of the molecular weight of 4-Oxalocrotonate tautomerase by
SDS-polyacrylamide gel electrophoresis.

The enzyme (10 pg) denatured with SDS was run on 15.0% gels containing 0.1%

SDS at 6 mA/tube for 3.0 h in a running buffer (pH 7.2) of 0.1% SDS-0.1 M sodium

phosphate. Electrophoresis calibration kit LMW was used as markers; 1, Horse

myoglobin peptides (10,700); 2, a-lactoalbumin (molecular weight, 14,400); 3,

Horse myoglobin peptides (14,404); 4, Horse myoglobin peptides (16, 949);
5, soybean trypsin inhibitor (20, 100); 6, carbonic anhydrase (30, 000) ; 7, ovalbumin
(43, 000) ; 8, bovin serum albumin (67,000);and @, purified enzyme.
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2. pHBLRELZEM
(1) pHZEEME
AEESIT, 50mM UL EEA Y U LT b U U AEEHRIS KUY 20 oM Tris-HCI #ZEHE (pH
7.0~8.0) T T0%LL LDFEMFEEMZ R Lz, $£72, Z® pH AN TIX 20 mM Tris-HC1
FBRENE (H 7.0) ICBW TR BEETH-7. (Fig. 4-7)

-
Q0 O
o o

1Y
o

Relatuve activity (%)
N N
o o

o

Fig. 4-7. Effect of pHs on the stability of 4-Oxalocrotonate tautomerase.
The enzyme was incubated in 50 or 20 mM buffers of various pHs at 4°C for 24 h,
and then the remaining activity was assayed. The buffers used: A, acetate;

O, sodium—-potassium phosphate; I‘, Tris-HCl; and <>, Na,CO,~NaHCO,.
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(2) REREMHE
AEEFEIE, 65°CETIE 80%LL EDiEMZ#E L. UL, TR LOBRE TIEIRE
FEL Y, 70°CT 69%F CIEMIMET L7, ABE#EL 80°C T 18% £ THiF L7z (Fig. 4-8).

—~ 100
X
> 80
2
5 60
©
0 40
=
s 20
2
0 I L I

20 40 60 80 100
Temperature (°C)

Fig. 4-8. Thermostability of the 4-Oxalocrotonate tautomerase.
The enzyme was incubated at various temperatures for 10 min, and then the remaining

activity was assayed.
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(3) EEFEEMHICRIET pH ORE
AREEZEIE, pH 5.5 ICBWTEAEEL R L (Fig. 4-9). L»L, pH 6.5 TRMIC
EEEBRET L.

__100 °

oS

3,80-

2 60 }

&

o 40 |

=

= 20 |

o \
X 9 ' ' ‘

0 20 40 6.0 8.0 10.0 12.0
pH

Fig. 4-9. Effect of pHs on 4-Oxalocrotonate tautomerase activity.
The tautomerase was assayed in 100 mM buffer solutions at various pHs. The buffers

used were: A, acetate; O, sodium—potassium phosphate and B, Tris—HCI.
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3. bRt E
(1) HEREORE
KEEOEMNICE X ARBRIEOEBIZOVWTHREL, BN 7R E Table 4-2(4),
(B) 1R, ABEIZERA AT 1L oM O Hg¥, Cu¥, Zn*%E0 2 flioeE1 + 2,
prun ALy URBERBIONTF L LA I REDO-SH EEMRIE, Tironlz LY
MHEI N

Table 4-2(A). Effects of various compounds (metal ions) on 4-Oxalocrotonate

tautomerase activity for 2-hydroxymuconate.

Compound Concentration Remailir.ling
(mM) Activity (%)
A) Metal Ions
None 1.0 100
FeSO,- 7H,0 1.0 113
FeCl,-6H,0 1.0 104
K;Fe (CN) ¢ 1.0 109
AgNO;4 1.0 117
MgS0,- 7TH,0 3.3 63
1.0 97
HgCl, 1.0 82
CuS0,-5H,0 1.0 89
MnS0,-4~5H,0 1.0 45
CoCl,-6H,0 1.0 83
NiS0,-6H,0 1.0 103
ZnS0,- TH,0 1.0 55
0.1 74
LiCl 40 106
1.0 118
NaCl 40 77
1.0 88
KC1 40 46
1.0 94
CaCl, 33 72
1.0 100
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Table 4-2(B). Effects of various compounds (chelating agents) on 4-Oxalocrotonate

tautomerase activity for 2-hydroxymuconate.

. Remaining

Compound Concentration Activity
(mM) (%)

B) Sulfhydryl and Chelating Agents

CH,ICOCH 1.0 5
PCMB ® 1.0 72
DTNB ¥ 1.0 92
a,a’-Dipyridyl 1.0 96
MNEthylmaleimide 1.0 90
Tiron 1.0 54
EDTA 1.0 105
o-Phenanthroline 1.0 106
NaN; 1.0 99

a) PCMB, p-chloromercuribenzoic acid.
b) DINB, 5,5'-dithiobis(2-nitrobenzoic acid).
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(2) EERFEHICEXIEET Fu/ 08

BEEEMICE X ARE T u /S OFE% Table 4-3 18T, ABERIL 2-7 M- 5 EEE
(CH,~CO-COOH) , 2-A % Y~y h-4- > fE (CH,=CHCHC(OH)-COOH), = 3% ¥ = FFfk
(HOCO-CO-CH,~COOH) i=xt LCRRER D)7, F£/o, ABRIIHESARE TS D 2-F
¥ VR (CH,—CO-COOH), 2-A % Z/L# /LBt (HOCO-C,H,~CO-COOH) <P 4 AL THt LT
W3 4~ A F-2-FF Y EHEERE (CH,- (CHy) CHCH,~CO-COOH) 1ZIZPHEZZ T e oz,

Table 4-3. Effects of substrate analogues on 4-Oxalocrotonate tautomerase activity

for of 2-hydroxymuconic acid.

Substrate analogues Relative activity (%)

None 100

2-0Oxobutyric acid

(C,H;~CO-COOH) 104

2-Oxoglutaric acid

113

(HOCO-C,H,~CO-COOH)

4-Methyl—-2-oxovaleric acid 100
(CH;— (CH,) CHCH,~C0O-COOH)

o —keto—mvaleric acid 68
(C;H,~C0-COOH)

2-Oxopent—4-enoic acid 39
(CH,=CHCHC (OH) —~COOH)

Oxaloacetic acid 26

(HOCO-CO-CH,~COOH)

(3) BEERRISEEERR

4.69 pM~14.3 pM @ 2-t Fuxvhalg 6-EIT7AT e FeEE L LTRSZIT
VY, Lineweaver & Burk® @7 oy b2x% An B X thax 1ZZ £ 4.6 pM, 0. 44 pmol-
min™'* (mg protein) ' Th o7z,
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WA BERRISEED OB FER & ORIGEHE DT

<FiE>

1. BERRISERIZEIT B UWV-VIS A7 P L%k
0.053mM 2-t Fr s AaBIVEREK (100mM Y UEA Y U L-F U U LREREIR,
pH 7.0) 3.0 ml \ZfE8UAEESE (55 pgeml™) 0.02 ml Z¥INT 5 Z & TR L. 24CTR
SEITV, 1T EICRINASY MVOEREJIE L. E72, e UTERZRORD
VIZAERWTRERRORIEZ1TV, BINARZ hAOZbERIE L.

<HER> .

1. BERRISERHCRBIT B WV-VIS A7 bV
RS -AxVaso bl F—2 A 5—8) ERAVWEEOMERISRIZEIT S
WL A7 MV DELE Fig. 4-10 (A) 12, EERRORDVITKZRM L IZEROBINA
N7 MAOELE Fig 4-10 (B) (TR L. $EUBEROIRMIC & 0 RISHIA% T <12 2-
B Ra ¥ s BEREED 295 nm OEFEEORONRR LI, FIUTE bRVEERERIGAE
FEM &R 235 nm \ZB 1 BRINOMB R bNic. —F, BEREONRDVITKEMRN
B REDRARZ FADOEEBAR Bz (Fig. 4-10 (B)). LAL, HHEEERZHWZ
BRI EE B 295 nm 12 BT BRI OB I L ORISEESE RO 2356 nm (28I D
W DWINIFEE ThHo7=. Tz, BERICEEDIIDEAFMALY 44V
nrua ke L.
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Fig.4-10 (A) Absorption spectra of the tautomerase reaction products formed from
2-hydroxymuconic acid.

The reaction mixture contained of 3.0 ml of 0.053mM 2-hydroxymuconic acid in
100 mM sodium-potassium phosphate buffer (pH 7.0) and 0.02 ml of purified
4-oxalocrotonate tautomerase (5.3 pg-ml™'). The reaction was started by adding the
enzyme solution. After incubation at 24°C, the sample was scanned with a Beckman DU

Series 650 spectrophotometer and spectra were recorded every 1 min.
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FH5H BERLEE

BIEIZBWTRHEL-4-FY s bt ¥—% A5 —8 0B X OFRERRT,
RIS DRIT 21T o 1=, 2TEDOBA Ao ra~< b5 7 4 — LBk n< b5
T4 —2AVWTARBEZEZHE—IOERT 5 2 LR (Fig. 4-4(0), B)). HERBEHE%
RWT, BERLFAGEMER L OBERISEEZ I Oz Lz, BUSEIEDRET 5,
AEEEIT -t RuF v ha g 43V sn BBl S LR L. KBS
% Pseudomonas putida mt-2 BkHAED 4-F XV oo b Vg AV AT—8 (F—F AT
—¥) ¥, BROBBHHEEA Y it 4 —% A7 —F 0 LREICOWTHET D &
WL O DHER R LI,

-t Faxihasp (= —/K, Amax=295 nm) 13X, FEEET CIEEERMITHR~
W2 h—x ) — EOEGHREEIC 22 Y, 4-F Yo s o b UEE (U ME, Amax=235 nm)
NERTS Y. LaL, 10dERED 4&-FFVusa b ¥ —F A5 —ERRIGEIR
PCEET S L 2-k Fuddaavlig (m/ =) 2o 4-dFnrso b EE~DOZE
BRSNS (Fig. 4-10(4)) &7V, REESEPREME(EEZREL TWD Z Ll bhoTz.
AE, BERIGERT»L S b—x ) —/VRMERZ 53 LTRSS 5 2 &
Serpdiots. LLARRS, BERORBITITL DM AENRMA® b 2-t FaFh
O VERIIAEESR A Fx Y usu b U A AT —EIZEY 4FFYara b BRI
I &R LTz

BB L ARERE DS FREIT S VIEERE T 51,000, SDS BEXWKEITIXY 7 2=y bD
SFRN 12,000 ThHhol-Z b, AEBRIIFET I ~v—Tholo. ABERITFHEMEIZ
5z AET7 a7 OEEBIZBWT 2-4 b-rFEE (CH,-C0-CO0H) , 2-F % 1 h—4~-
x> f% (CH,=CHCHC (OH)-COOH), %4 v EEEE (HOCO-CO-CH,~COOH) (Zxf L THEZ 2 1F
7= ET-, KEERII2MOE&RA A V72T TR, KB XU Na*, PCMB, CH,ICOOH % D-SH
FASHIRIE, Tiron I L THHEEFEEZZ T,

P putida mt-2 BEER4-FXVara b 4 VAT —E D LiEEIC oW THEL
7= (Table 4-4). 10d ¥EHISRDZ —F XA 5 —¥ & mt-2 FRARDOA VY A F—E & KT 5
L, BERIEMICE 2% pH OFE, Native BE Y 7=y oo T &, BERAEOKE
BWTHENSR LN, 10d EEORBERIIY 7 2=y FOSFED 12,000 THD
DT L, mt-2 BRESROFEBERIY 722y bOSTEN 3,500 EIEFITNIWEERT
Holz. EFEpH 2BV TIE 10d BREROFIEEEILZ pH 5.5 (50 mM Y > U v L) hY
B MEER) TR HEVEERR LIEOIR L, nt-2 HRERORBRE pi 7.5 (10 o
Tris-HCl #&%87iK) 3L UpH 6.5 (10 mM MOPS-NaOH #BEi) Th-o & bmWEEZRL
7=. 10d ¥kEIEDORIEESEIL 2 MO&RBA A5, K, Na', 33K UPCMB, CH,ICOOH % D>-SH
FASHFRIE, Tiron |23t L THELZZIF/-0IZxt L, nt-2 BRENCORIBEEZE 1L 3. 3 mM Mg¥,
33 M Ca¥*72 ED&EBA A VEICENEN 27.2%, 19. 1%DMEEZZITZ ¥, K®iZ, 7
NEEDRMALRIS 2 bt 2EEE & L CURBIBEROA XY afifg F—F A5 —EL
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Hl Ui O, AFEREOPEIC R CRERM KO RBLZEIL 40 oM Na', 0.01 mM Cu?,
0.1 mM Zn%, 0.04 mM MgICFRZEZ3ZiF, 0.4 mM Ca*, 0.01 mM Co*, 0.04 mM Mn*iZ &
DIEMEL S N7z, 10d BRSO FRBERIZERA A ic L BEMLE 5 FRM o T A THE
NRE LN, HEZZTHEBA F B L O-SH EEHAIEIC L EEFICHWTHEL
TuN=,
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NAD* NADH

N > ~OH A ~-OH O
HOOC OH | cH%OOH %OH ———— co%?-loﬁmm..’
E1 E2 Noenzymatic E3 TI
! I 1l v
4-Oxalocrotonate
E4 tautomerase
I o
CH, COOH
\"

Fig. 4-11. Proposed pathway of 2-hydroxymuconic acid metabolism in Bordetella sp.
strain 10d.

I, 4-amino-3-hydroxybenzoic acid; II, 2-hydroxymuconic 6-semialdehyde; I,
2-hydroxymuconic acid;IV, 4-oxalocrotonic acid; V, 2-oxopent-4-enoic acid; El,
4-amino-3-hydroxybenzoate 2, 3-dioxygenase'®; E2, 2-amino—5-carboxymuconic
6-semialdehyde deaminase'®; E3, 2-hydroxymuconic 6~semialdehyde dehydrogenase; E4,

2-hydroxymuconic 6-semialdehyde hydrolase.
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Table 4-4. Comparison of tautomerases

4-0xalocrotonate
tautomerase

4-0Oxalocrotonate

isomerase®

(tautomerase)

Oxalacetate keto—enol

tautomerase’®

Strain

Molecular weight
Native enzyme
Subunit

Thermostability

pH stability

Optimal pH

Effects of
reagents

Bordetella sp. 10d

51, 000
12, 000
~65C
7.0-8.0

5.5

Mn®* (45%)
n* (55%)
Mg* (63%)
K*(46%)

PCMB (72%)
CH,ICOOH (5%)
Tiron (54%)

Pseudomonas putida.

Mt-2

28,000
3,500
N. A

N. A

6.5 2
7.5 9

Mg® (30%)
Ca®* (20%)
K (50%)
Na*(30%)

Porcine kidney

55, 000
N. A.
~35°C

4.0-8.0
N. A

Li* (67.6%)

Na* (37.8%)

K* (80.6%)

Ca?* (178.3%)
Co® (129.7%)
Mn®* (137.0%)
Cu® (37.8%)
Mg (59.3%)
Zn? (48.7%)
Hg* (16.1%)
PCMB (24.0%)

a) 50 mM Sodium potassium-phosphate buffer
b) 10 mM Tris-HCl buffer
c) 10 mM MOPS-NaOH buffer
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& 5% PBordetella sp. 10d DAEFET S 4-FF Vs b VB FINVRIFVT—E
B 2-FX% YRy b4-m U A BT H—EORBRE L ORERENT

B1th

FAEIBWT2-E FeFiharvigidsdxynrsa by —2 25 —8IlckY
4-FFHura FUOBICRHEENLZEERALMNI L. £, B 1 BEIZBWT 10d £R
OEMIAFHEK L © MPRTFER 4-F X Vo ru bUoEE TALRFTT—E (40D) B&
W 2-FF YRy b4 VA BT Z—F (0EH) fEHEEZRWEZ L. BEROT IR
FUT—EFRIUVNA T HZ—F W O ZRFEEHEGEELERL TS, XoT, 10d I
BWTHBRDOZ ENRTFHRIND. £ZTH L ETIE, BERROSEMIIBNT 42
XHhuro b FHILRFYT—ERIN 2-FF VX bA-mVf NA FTF—
POMBEEFELEZIETS. MEREZERL, 200 ORI L ORISHEEZA &
PCTBZEREMETS. £, BONTREREEZ AV TERLFRREEE RS
RSO 21T Y. &b, FEHRLEMRIMHEETI2EROTINRF LT —
TEBLIUONA, KT X —PHEABEE L HRT S,

CH2H EEROME

L.

2.

3.

BERTEERIEE

HE -FAF¥oso b BB 2-4F% YNy b-4-2 V) OFRK 22 B I UW
FEEMERIEITE 1 =8 38272 (Table 1-12, 13). BEREMHIIFE 1 EF IHTER
L7-BERHAL K W B L7z,

4-7 X 7 -3-t Fa X ZREBEHTOR#
REOREHRFEITH 1 HEE 2HOHIEITUWE-T-.

BER DFERL '

BRI RBIT BT R TOBREL 4CUT TITo 7. HOHBETET, 20,000Xg 10
SEDOEHETITo 7.
(1) EHhahhiHkOFR

BT 14.4 L 205 10d BROEE % 50 ¢ 57 (BEE). BEKL gH72Y 10 ml D 20
mM Tris-HCl $BEi#E (pH 8.0, buffer A) ZMATHEEL, 5 2 T 2 HiOFIEIZWED,
IR 21872, (Fraction 1, 500 ml)
(2) ERERREE

EMRMEIEIZ, 20% (w/v) FREER b LT hed TV UBRIREKRIREDN 1% (w/v) L7
BEOICEBLANLIEMLUZ. 30 SRR L%, BOSBEC K VIR L7 R 2 IR
% FiE%157-. (Fraction 2, 520 ml)

(3) WRHE
Fraction 2 |7, BERERRZE % 35%fAFNIC /e B & D IR LN b2 72, 30 R #pE,
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BOSBEC LV IEEBRE L. Boh BFICHETEY 55%Mmine 25 X 5ima, 30
SRR, BOOBEC XL EERAER L7z, LB % buffer A 30 ml IZ{EAR L7215,
buffer A 1L {Z%F L CHEBAT L. 3 BERB &I 2 EEITIMNR A 2T L, —BRET LT,

(Fraction 3, 58.0 ml)

(4) DES2 AhThsZu<whlTT7 44—

Fraction 3 % buffer A {Z T3¥{r{lk L7~ DE52 (Whatman International Ltd., Maidstone,
England) 2FE L= T4 (2.1X21.0 cm) (2775 A L7z, 230 ml @ buffer A TH
5 LEPRE L7tg, 0~0.4 M NaCl Z&%p 1100 ml @ buffer AZFAVWCTY =7/ 5V
v MEICEY, W 42 nl-h! TEEFEZEH L. £7 72733 (7.0 nl/tube) OFf
HEMRBLOZ RV EERZRE L. BIEMES 248 buffer AKX L T—BuETZ
#F7-7. (Fraction 4, 56.0 ml)

(5) DEAE-Cellulofine # 7 A7 u~< b/ T 74— lst

Fraction 4 % buffer A {2 T3t L7z DEAE-Cellulofine A-800 (A{bFTZE, HIR)
EFEELENT A (2.1X19.0 cm) 127 7T A Liz. 200 ml @ buffer A TH T & YE
L7=1%, 0~0.35 M NaCl &% 980 ml @ buffer A ZFWc U =7 77V MEICK
0, Wik 42 ml-h" CREREVEH Ui, BEAEES2ED 20 i U VB Y AT Y Y
LEMHE (pH 6.5, buffer B) xf LT 3 FFfB&IZ | EBTIMNRE SHatk, —BRfEtT
LT buffer ZoH#i% L7-. 75273 3> (7.0 ml/tube) OERFHEBLIUF I HE
EX%AE LY. (Fraction 5, 42.0 ml)

(6) DEAE-Cellulofine #¥Z A7 u~<h+/ 77 t— 2nd

Fraction 5 % buffer B|Z C3Ef#i{k L 7= DEAE-Cellulofine A-800 (A{bFT¥, Hx0)
ERBELIEAT L (2.1X15.0 em) 127 7T A Liz. 200 ml @ buffer B TH T L& TLH
U721, 0~0.35 M NaCl Z&%p 780 ml @ buffer BZ# AW Y =7 /5P MEICXK
D, W 42 ml-h? TEEEEREE L. BIEHEES Z4E buffer BITX LT 3 Bk &
12 1 EEBITANE 2 B, —BRBET2{To7z. £7 727 v ar (5.5 ml/tube) DOBERTE
MRLOF v EEZE L. (Fraction 6, 38.5 ml)

(7) DEAE-Toyopearl S hZu= b7 57 4— lst

Fraction 6 % buffer B % i\ TEH#i{t L 7= DEAE-Toyopearl 650S (Y —, HR) %
FH LA T L (2.1X15.0 cm) (277 T4 Liz. 160 ml @ buffer B TH T L& PH L
721, 0~0.35MNaCl Z&%p 780 ml @ buffer BZHNWTY =7 /I V= MEIZ LY,
Vi 42 ml-h CEEBAEH L. £75 733 ) (5.5 nl/tube) DOEERTEMER XU
VU EBEEZRE L. (Fraction 7, 27.5ml)

(8) DEAE-Toyopearl ¥ L7 u< 757 4— 2nd

Fraction 7 % buffer B % AV V Tk L7z Phenyl-Cellulofine (A{bZF T, HH)
BERELEST A (1.6X15.0 cm) 77 T4 Liz. 90 ml @ buffer B TH T bz Bt
L7=%%, 0~0.3MNaCl #&%r 450 ml @ buffer D #FHWNWT Y =7 75V MEIZL D,

90



R 42 ml-h! CEEEEBEHL. 757 ay) (3.5 ml/tube) DEERTEHR LTH
VRO EREREL. (Fraction 8, 17.5 ml)
4. FURJEOEER :
B URIET Lowry IBICE W ERLE . BHEF O RJBELELTYVIIET VT I
i LAY
5. EXRIKE
(1) RYF7ZINLTI RFVERIKE
852 BEH ISR X 512 Davis HOKFE® TRV, FEREEREOME ZRFT L.
(2) SDS-ARVY T Z Y NT I R NVESRIKE)
% 0 EHE 3 HilCik <72 & 51T Weber & Osborn M J5ik 2 ll%@ﬁ%%@ﬁ‘lﬁg%fﬁﬁﬁ L.

<HER>
1. BERORKH

BRSRERIC B1T AEERTEMERB LU VN E &% Table 5-1 IR T. MR TEICD
SWTCDER2 #F L a< v 57 4— (Fig. 5-1 (A), (B)), DEAE-Cellulofine A-800
HIbsruavw s T 7 4—I1st (Fig. 5-2 (A), (B)), DEAE-Cellulofine A-800 &7 T A7
n< k57 ¢—2nd (Fig. 5-3 (A), (B)), DEAE-Toyopearl 650S I F Lz u~< hJ7 5
7 4 —1st (Fig. 5-4 (A), (B)), DEAE-Toyopearl 650S 7 Z L7 a~ hJ'5 7 4 —2nd

(Fig. 5-5 (A), B)), WHtLiz. FMHEORRD 5 MEONT LI~ T TT7 14—
BWTEULESICTAINEF TV T—EBLONA R F—EEESR LN, £z, W
BESE & HITTEMEDRBICIT Mg 2 ER L7z, RCRBREEE %S Native-PAGE 235 & 1
DAL N RE1EDw A F—_0 KRR BTz, —F, SDS-PAGE 233\ TEARR
2D FRR BN (Fig. 5-6 (A), (B)).

A EH TS BT AR ST P IR B T 3. 1% DI T 450
frlcklEh, HIEMIT 18 Umg! Thote (Table 5-1). 2-A % VY h—4-Z U ERNA
N J & —BIEEHAFREIEICIN T 3. 6%DINE T 490 TSI, HLIEET 39 U mg”
T¥H -7~ (Table 5-1).
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Fig. 5-1. Column chromatography of the enzyme on DE52 cellulose.

The enzyme solution (Fraction 3,58.0 ml) was applied to a column (2.1X21.0 cm)
of DE52 equilibrated with buffer A. The column was washed with buffer A and then
proteins were eluted with a liner gradient (0 to 0.4 M) NaCl in 1100 ml of buffer
A. Fraction of 7.0 ml were collected at a flow rate of 42 ml-h™. The protein
concentration and enzymatic activities (4-Oxalocrotonate decarboxylase activity
(A) and 2-oxopent—-4-encate hydratase activity (B)) were assayed. Symbols:
O, enzymatic activity; A, protein; and ——- , NaCl.
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Fig. 5-2 (A), (B). Column chromatography of the enzyme on DEAE-Cellulofine A-800

Ist.

The enzyme solution (Fraction 4, 56.0 ml) was applied to a column (2.1X19.0 cm)
of DEAE-Cellulofine A-800 equilibrated with buffer A.The column was washed with
buffer A and then enzyme was eluted with a liner gradient (0 to 0.35 M) NaCl in
980 ml of buffer A. Fraction of 7.0 ml were collected at a flow rate of 42 ml-h™.
The protein concentration and enzymatic activities (4-Oxalocrotonate decarboxylase
activity (A) and 2-oxopent-4-enoate hydratase activity (B)) were assayed. Symbols:

O, enzymatic activity; A,protein; and ———- ,NaCl
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Fig. 5-3 (A), (B). Column chromatography of the enzyme on DEAE-Cellulofine A-800 2nd.

1 0.06

Protein (mg/ml)

Protein (mg/ml)

— 0.35
— 0.28
— 0.21

—0.14
— 0.07

—0.35
—0.28
—0.21
—0.14
— 0.07

NaCl (M)

NaCl (M)

The enzyme solution (Fraction 5, 42.0 ml) was applied to a column (2.1X15.0 cm)
of DEAE-Cellulofine A-800 equilibrated with buffer B. The column was washed with

buffer B and then enzyme was eluted with a liner gradient (0 to 0.35 M) NaCl in
780 ml of buffer B. Fraction of 5.5 ml were collected at a flow rate of 42 ml-h™.

The protein concentration and enzymatic activities (4-Oxalocrotonate decarboxylase

activity (A) and 2-oxopent—4-enoate hydratase activity (B)) were assayed. Symbols:

O, enzymatic activity; A,protein; and

94



T 06 004 035

3 0.5 =

> 04 0.03 % 0.28 E
2 EF021 g
c 0.3 0.02 ¢ 5
o T [—0.14

g 02 0.01 8

£ 0.1 a 0.07
T o

5 0

E — 0.35

< —0.28

E —0.21 :E:
& 3
pi —0.14 2
£ —0.07

R

& 0

50 55 60 66 70
Fraction No. (5.5 ml/tube)

Fig. 54 (A), (B). Column chromatography of the enzyme on DEAE-Toyopearl 650S lst.

The enzyme solution (Fraction 6, 38.5 ml) was applied to a column (2.1X15.0 cm)

of DEAE- Toyopearl 650S equilibrated with buffer B. The column was washed with buffer

B and then enzyme was eluted with a liner gradient (0 to 0.35 M) NaCl in 780 ml

ofbbuffer B. Fraction of 5.5 ml were collected at a flow rate of 42 ml-h™. The protein

concentration and enzymatic activities (4-Oxalocrotonate decarboxylase activity

(A) and 2-oxopent—4-enocate hydratase activity (B)) were assayed. Symbols:
O, enzymatic activity; A, protein; and ——- , NaCl
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Fig. 5-5 (A), (B). Column chromatography of the enzyme on DEAE-Toyopearl 650S 2nd.

The enzyme solution (Fraction 7, 27.5 ml) was applied to a column (1.6X15.0 cm)

of DEAE- Toyopearl 650S equilibrated with buffer B. The column was washed with buffer

B and then enzyme was eluted with a liner gradient (0 to 0.30 M) NaCl in 450 ml

of buffer B. Fraction of 3.5 ml were collected at a flow rate of 42 ml-h™'. The protein

concentration and enzymatic activities (4-Oxalocrotonate decarboxylase activity

(A) and 2-oxopent-4-enocate hydratase activity (B)) were assayed. Symbols:
Q, enzymatic activity; A,protein; and ———— ,NaCl
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Table 5-1. Summary of purification.

Total Total Specific
Fraction Vc()iltllr)ne activity  protein activi_ty Rec(‘g/Z;’ry
() (mg) (U-mg™)
40D  OEH 40D OEH 40D  OEH
1:Cell extract 500 240 440 5,400 0.04 0.08 100 100
2: Streptomycin sulfate 520 170 290 5,000 0.03 0.06 71 66
3: Ammonium sulfate 58 150 140 1,100 0.14 0.13 63 32
4: DE52 56 66 72 150 0.44 0.48 28 16
5: DEAE-Cellulofine 1st 42 30 50 26 1.2 1.9 13 11
6: DEAE-Cellulofine 2nd 39 22 45 2.4 9.2 19 9.2 10
7: DEAE-Toyopearl 1st 28 13 36 1.0 13 36 5.4 8.2
8. DEAE-Toyopearl 2nd 18 7.5 16 0.41 18 39 3.1 3.6
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Fig. 5-6. PAGE (A)and SDS-PAGE (B)of the enzymes.
(A) PAGE, the purified enzyme (10 u g) was electrophoresed on a 7.5% (w/v)
polyacrylamide disc gel (pH 8.0) at 2.0 mA/tube for 2h in a running buffer of
Tris—glycine (pH 8.3). (B) SDS-PAGE, the purified enzyme (10 ug) denatured with SDS
was electrophoresed on a 7.5% (w/v) gel containing 0.1% (w/v) SDS at 6 mA/tube for
3.5 h in a running buffer (pH 7.2) of 0.1% (w/v) SDS-0.1 M sodium phosphate. The

gels were stained with 0.25% (w/v) Coomassie Brilliant Blue R-250 in a solvent of

ethanol-acetic acid-H,0 (9:2:9, v/v/v/).
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B3 RBRBER OREART
1. WE(LFAER
<JFFE>
1. FNAEREICXLD5FEOHIE
FEEURESE 1 ml (0. 144 mg-ml ™) B L O~ —H— (£ 5mg) Z HV TCellulofine GCL-1000sf
(3.2X58 cm) (LT HE) LT{Tolk. w—h—L LT, Fhru—~hc (HFE
12,500), ¥ S MiE 7 /L7 X v (67,000), 7V K Z—+E (160, 000), 7 = U F > (440, 000),
Fusua7 VY (660,000) ZERL:Z.
2. SDS-RYTZ VAT I RFNVEKKENEIZ L 50 FEOHE
wmoE2FDFIEICL o7, 7 7~ T8 LowMolecular Weight [LMW]Calibration
Kit 53 FRE~—h—& LTHERALE.
3. NEMW7 I/ BEFIDHT
FoEFEAMOFEL L ole. AT TV NVERKEIR, ABEEA TR -PUE (I
URT, B e L7z, PVDF JE L CR@ LR EE I LIV HL, N Rl
STV,
4. pHBIBREREME
(1) pHEEM
pH 3. 0~11. 0 DHBEH ZFM L, BERKEZ TN T OEBEIRICH LT 24 FHEHT L
1%, BtET HRERTEM 2 HE Lz, 50 nM BERS-FFSS b U 7 & (pH 3.0~5.5), 50mM
YyEh Y v A-F Y (pH 5.0~8.0), 20 mM Tris-HC1 (pH 7.0~9.5) KT 50
mM Na,C0,-NaHCO, (pH 9.0~11.0) OEIEEIREZ W TITo 7.
(2) HEEZEHE
B2k & 20°C~T0°CDFIRE T 10 Sy EINEVAER U714, 5 1 FH 3 iR L RIS
ZHWT (Table 1-10), ZRHFETHEEZIIE L.
(3) EERTEMEICRIEY pH DR
100 mM FEA-EEEET P U A (pH 3.0~5.5), 100 M UL EEH Y v A-F R Y 7 (pH
5.0~8.0), 100 mM Tris-HCl (pH 7.0~9.5) 33X 0'100 mM Na,CO;~NaHCO; (pH 9. 0~11. 0)
DEABERE AT To 7.
(4) EREEHCRETREORE
FEETEMER EROIRE % 10~T0°COFBE TEL I ¥ TITo 7.
5. flf bFEAEE
<F@E>
(1) #HEREORE
KRG ZDEBA A, -SHEEHRE, X1 — MRESOEELH~ T, BRE
(0.168 mg+ml™) 0.5 ml |2, FRERIMOKIBED 1 27425 &S I&ELaEMEIRML
7=, KHC 10 L RIKRE Lz, EHERIE L.
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6. BERRSHEER
Lineweaver & Burk ¥ *” (2 X © ABEFE O fn LI LU Max fHZBIE L7z,

100



<HEE>
1. HFE
1) FAEEEC LR TFEROUE
NIRRT & B ARESE D4 FEIE 470,000 TH o7z (Fig. 5-7).

100
I
2
X
=
=
1 1 | ! ! !

200 220 240 260 280 300 320
Volume (ml)

Fig. 5-7. Determination of the molecular weight of enzyme complexes by gel filtration.
The enzyme (0.144 mg) and markers (5 pg each) were placed on the top of a column
(3.2%58 cm) of Cellulofine GCL-1000sf, and then eluted with buffer B containing 0.2
M NaCl. Symbols : 1, cytochrom ¢ (molecular weight, 12,500); 2,bovine serum albumin
(67,000); 3,aldolase (158,000); 4, ferritin (440, 000); 5, thyroglobulin (660, 000);

and@, purified enzyme.
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(2) SDS-RY 77 VAT I RFANVERIKENEC X 520 FEDOAE

SDS EBLIKEN CIIABEE D4y F &I 29,000 & 27,000 THhHo7- (Fig. 5-8). F/LE
B~ b5 74— L Native-PAGE, SDS-PAGE DR X v, ABEEHIL, 29,000 &
27,000 DY T 2=y DR D2BEAHEETH D LR L.

10

M. W .(10)

1 . : , . .
0 02 04 06 038 1.0

R; value

Fig. 5-8. Determination of the molecular weight of enzyme complexes by
SDS-polyacrylamide gel electrophoresis.

The enzyme (10 pg) denatured with SDS was run on 7.5% gels containing 0.1% SDS
at 6 mA/tube for 3.0 h in a running buffer (pH 7.2) of 0. 1% SDS-0. 1 M sodium phosphate.
Electrophoresis calibration kit LMW was used as markers; 1, a—lactoalbumin (molecular
weight, 14,400); 2, soybean trypsin inhibitor (20,100); 3,carbonic anhydrase
(30, 000) ; 4, ovalbumin (43, 000); 5,bovin serum albumin (67,000); 6, phosphorylase b
(94,000); @, purified enzyme subunit (A); and A, purified enzyme subunit (B).

2. NR¥7T I /EBREF]
Fig. 5-9 IcABEEDY T 2=y MO NEKGHT I /BEESIZ R LT,

Fig.5-9. NH,~terminal amino acid sequencing of subunits.

Subunit (A): 29,000

No. 1 10 20
YLEAKVIQALAVALDIXEMNEYV

Subunit (B): 27,000
No. 1 10 20
MDDKKIQQYGDALYEALVERA
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3. pHBICREZEMH
(1) pHZEEMHE
f~FxHoro b FTHLRFST—BIT 50 M U BEL Y U A-F b U U LERE
& (pH 6.5~8.0) T T0%LL LOEEEMER L. £z, T pH #FN TIXFEER
(pH 6.5) IKBWTRLRETH o= (Fig. 5-10 (A)). |
2-FF YRy b4~ B A BT Z—P i 50 oM BEES-BEEET- b U U AEEHR  (pH
4.5~5.5), 50 M U VEED U 7 h—F F U U LEEER (oH 5. 0~7.5) T80%LL LD
EMEAR U, £, 20 pH SN TIZ 50 mM U > EE S U w7 A-F b U o AEEHK (pH 6. 5)
CBWTRBEETH-- (Fig. 5-10 (B)).

- 100 O
S (A)
> 80
=
© 60
(4]
g 40
5 20 sk
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4
o { { {
2 4 6 8 10 12
pH
100
(B)

N O
o O

E
(=]

Relatuve activity (%)
N
o

o

4 6 8 10 12
pH

Fig. 5-10. Effect of pHs on the stability of enzyme complexes.

N

The purified enzymes ((A) 4-oxalocrotonate decarboxylase and (B)
2-oxopent—4-enoate hydratase) was incubated in 50 or 20 mM buffers of various pHs
at 4°C for 24 h, and then the remaining activity was assayed. The buffers used:

A, acetate; O, sodium-potassium phosphate; B, Tris-HCl; and <, Na,C0,~NaHCO,.
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(2) BEREM
4~FFHnra b FHILVREFYT—ERBLO 2-F4F VX b4-2 U NAF
S8 —FLbiz 65CETIT 0% EOFEMEZMER L. LA L, ERUEDEE TR
REE D, T0°CT 20% F THEMANMET Lz, ABEHEIT 715°CTRAICHKE LT (Fig. 5-11
a) , ).

100

N A O O
O O o o

Relative activity (%)

0 L L 5 s L
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(=]

N
o
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Fig. 5-11. Thermostability of enzyme complexes.
The enzymes ((A) 4-oxalocrotonate decarboxylase and (B) 2-oxopent-4-enoate
hydratase) was incubated at various temperatures for 10 min, and then the remaining

activity was assayed.
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(3) EERIEMEICRIET pH ORE

4~FXHuro b FALRFLT—EIE, pH 7. 0 [IZBWTHRKRE 2 LT (Fig.
5-12 (A)). L»L, pH 8.0 CAMIZIEMEMNMET L.

-FF VR b4 U A KT H—BITpH 5.0 IZBWTRKANEEZ R L. (Fig.
5-12 (B)). L2L, pH 8.0 CRAMIZEMENET L7z,

— 100 —Q
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9 (B)
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=
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pH

Fig. 5-12. Effect of pHs on enzyme complexes activity.
Purified enzymes ((A) 4-oxalocrotonate decarboxylase and (B) 2-oxopent—4-enoate
hydratase) was assayed in 100 mM buffer solutions at various pHs. The buffers used
were: A, acetate; O, sodium—potassium phosphate; M, Tris—HCl; and

<>, N32C03’NaHCO3.
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(4) EHECRIETEREORE

4~FFHuarsa b FAILRFYT—BiE A5COBRMRIERHCRRIEEEZ R L.
U EDRESH BVIEF LT ORE CIIEEAMET L7z (Fig. 5-13 (A)).

2-FX VR b4 U A T F—FBix 25 COEENERICR RIEEZ R L.
FNLLEDBES HVIF LT ORE CREESET L7z (Fig. 5-13 (B)).
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Fig. 5-13. Effect of temperature on enzyme complexes activity.
(A) 4-oxalocrotonate decarboxylase was assayed in Tris-HC1 buffer (pH 8.0) solution.
(B) 2-oxopent—4-enoate hydratase were assayed in 100 mM sodium potassium-phosphate

buffer (pH 8.3) solution. Enzymes activities were assayed at various temperatures.
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3. i EERME
(1) HERAROEE
KEEZEDOEMICE 2 AHAERIBOEEBICOVWTHRETL, 55725 % Table 5-2(A),
(B) IRT. 4-FAX¥nrno b FHLRFT T —EE Fe®, Mn*, Co™FED 2 flid
LA A, BILFITHSD Fe(CN) ¢, prZunAns YRBEFBBIO F=F <A
I FEo-SH EEMRE, Tiron itk VRIHAEINT.
2-FF% IRy h—4- U A FTE—EIE 1 il O Hg*IZDHRFRVIEEZXZ T 7.

Table 5-2 (A). Effects of various compounds on 4-oxalocrotonate decarboxylase activity

for 4-oxalocrotonate.

. Remaining
Compound Concentration Activity

(mM) (%)

None 1.0 100
FeS0,- 7H,0 1.0 23
FeCl;-6H,0 1.0 72
KyFe (CN) 4 1.0 36
AgNO, 1.0 68
MgSO0,- 7H,0 1.0 88
HgCl, 1.0 76
* CuS0,+5H,0 1.0 67
MnS0,+4~5H,0 1.0 9
CoCl,+6H,0 1.0 47
NiSO0,-6H,0 1.0 61
ZnS0,* TH,0 1.0 61
CH,ICOOH 1.0 64
PCMB 1.0 54
DTNB ¥ 1.0 61
a,a’-Dipyridyl 1.0 67
MNEthylmaleimide 1.0 58
Tiron 1.0 59
EDTA 1.0 66
o-Phenanthroline 1.0 63
NaN, 1.0 68

a) PCMB, p—chloromercuribenzoic acid.
b) DTNB, 5,5'-dithiobis(2-nitrobenzoic acid).
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Table 5-2(B). Effects of various compounds on 2-oxopent—4-enoate hydratase activity

for 2-oxopent—4-—enoate.

. Remaining
Compound Concentration Activity

(mM) (%)
None 1.0 100
FeS0,- TH,0 1.0 104
FeCl,-6H,0 1.0 105
KiFe (CN) 4 1.0 71
AgNO, 1.0 80
MgS0,« 7TH,0 1.0 95
HgCl, 1.0 0
CuS0,-5H,0 1.0 72
MnS0,-4~5H,0 1.0 73
CoCl,+6H,0 1.0 73
NiS0,-6H,0 1.0 79
ZnS0,- TH,0 1.0 84
CH,ICOOH 1.0 86
PCMB @ 1.0 75
DTNB ¥ 1.0 75
a,a’-Dipyridyl 1.0 79
MNEthylmaleimide 1.0 80
Tiron 1.0 77
EDTA 1.0 78
o-Phenanthroline 1.0 74
NaN, 1.0 74

a) PCMB, p-chloromercuribenzoic acid.
b) DINB, 5,5-dithiobis(2-nitrobenzoic acid).

4. BERBUSHER

() 4+FxVusa bl FINEXTT—E

8.32 uM~166.45 pM @ 4-FFHn s v b UEBEEZEE L UTRIGZITV, Lineweaver &
Burk’? o7 a2 v F b, Mn BE O Max (TFNFH 13,1 pM, 0.15 pmol-min™- (mg*
protein™) Tho7=.
(@ 2-FFYXU AU N FFF—F

11. 74 pM~176. 07 pM D 2= % V=XV b4~ VEEZ FEE & LU TRIGZITVY, Lineweaver
& Burk*? o7 b b,k BX Y Max 1XFNEI 56.1 pM, 0.17 pmol -min'- (mg
protein) ' Tho7-.
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EAM BERRISEEDOEE - FER KOS ORRT
<FiE>
1. BERRUSERIZRIT S UWV-VIS A7 FVOE(L
# 1 # 3 fffi Table 1-12 {258V, 4-F ¥V o s v b UEEFRE L U7 USNRICHRIESR
(0.41 pg-ml™) 0.02 ml ZHFMT B L TRIGZERLAL. 5 40T LIZRILA~RS hL
DOEEBRE L.
2. EERRISEEMHOIBEL FE
(1) BERERG
(i) 4-FFVvrobrBEkERRIGEEDORIE
0.19mM 4-FFH 7o N fE 24 ml, 3 mM MgS0,-7H,0 24 ml % /M2 7= 100 mM Tris-HCL
EER (pH 8.0) 216 ml IT, #HUEEE (310 pgeml™) 10 ml ZFEMNT 5 Z & THERRG
ZBGAL, 24 °CT1.0 B, 100 rpm TIRE 9 ZfEiT 7.
(ii) 2-FF YRy bA-= VERHREBERNKISEEN DFERE
0.14 M 2~ 3% Y~ b4~ UEEEVETER (100mM U 8D Y 7 LT b U U LRI,
pH 8.5) 162 ml {Z 3 mM MgSO, « 7TH,0 18 ml Z /iM%, #HEEHRE (260 pg-ml™) 2.4 ml 2
Nt 5ok CEERISZIAL, 24 CTT30 4/, 100 rpm TIRE O 2Tz,
(2) BRERIGEEDMOFEML
(i) 4-FFVurobrBlRBERRGEEDORIE
BERISKTER, SKET SR L—F—T30 ml £ THRERML, 6.0 NHC1 ZzHWn
TpH 3.0 L=, ZD%, BT /LT3 EIMEZITY, AHEEELE. Al
BEBITEAREET U U A2 AV TBAKABORBELZE 2TV, 77 —F—HNT
BRI U7, WE LB AEEY Q-4 % YRy b4~ UE8) 1T 5%ME{KE-
A B ) —VERIR (Fnyepizk, KFR) 250 pl 2% T 85°C, 1.5 RIS E ¥, MR F
INEERAFLZRAT LT, AF LT AT LTbEHE GC-MS STz fit L7z,
(ii) 2-FF YRV b4z U BRHRERRICEEY DOFRE
EE RIS AEEDOMBIZATR O FEIC -7z, E UBERRISEEY (-t Fu
F--AX VN UER) BEREICAFILTZATILL, FIr—F—NT—Hiiis
¥, X 5|2 N, 0-bis (trimethylsilyl) —trifluoroacetoamide-7 & b= b U JEHIEK (v/v,
1:0.2) 300 pl ZMZ T85C, 1.5HHMRIGSE, KBEBLIOINRFINVEE B A
FALY ML, 1T —F—NTEBEIE. NI AFAVI LB AF TR
T AL LT AL& W% GC-MS izt L7=.
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(3)  GC-MS &#T
FYRAFALLYNBIUAF AT AT IVHEEENE L I2SLEWITAIL6-3000 TAZ 1
< 57 (HBUERT, R 2k L7 B3 M-2500 ZEOREESITE TITo 7.
GMHEELTICRT.

[4&f%]

« 75 A : TC-1 fused silica capillary column (0.25 mm X30 m, GL ¥ A =R, HH) ;
- 100°C (1 min)— (10°C/min) —280°C

+ X ¥ YT HA :He, liner velocity 2.5 cm/min

« INJ/DET : 250°C/280°C

- i : MS (ionization, 70eV)
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<fER>
FIEES: % A\ 2 IR OBERBUSIIC B BRI A< MAOZELE Fig 5-14 IRL
7-. BUGBASATE, 4-FF Vo r v hUBRHEED 235 nm ORKEDORD & & iz 2-F4F VY
ARy h-4-x EERED 265 nm DWRSEEORD H R oz,

Absorbance

200 250 300 350 400
Wavelength (nm)

Fig. 5-14. Absorption spectrum of the reaction products formed from 4-oxalocrotonic
acid in an assay with enzyme complexes. »

The reaction mixture contained 2.7 ml of 0.19 mM 4-oxalocrotonic acid solution
in 100 mM Tris-HC1 buffer (pH 8.0), 0.3 ml of 3 mM MgS0O,- 7H,0 and 0. 02 m]l of purified
enzyme (0:41 pg-ml™). The reaction was started by adding the enzyme solution. After
incubation at 24°C, the sample was scanned with a spectrophotometer and spectrum

was recorded every 5 min.
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2. BERBUNEEMDRE
(i) 4-FF¥uso b rBHEERRICEEDDORE

FEK LB RS EEM & GC-MS T L, WEfiZtr L7z (Fig. 5-16). U7 i/=
VHEA 6,24 (Compound D) IZAA L E—7 BNRSNTZ. Compound D HIZEDT F 7 A
F—a VEENT AL, m/z128 (M), 113 (M-CH;), 87 (M'-CH,CHCH,), 69 (M*-COOCHj,),
59 (M-COCH,CHCH,), 41 (M*-COCOOCH,) T&H Y, FULEMIIA FNL AT LSz 2-4F
IRy A~ VEETHBERIELE. &6, A—krT 4 v 7D 2-FF YN b4z
VEEEFAWTEREICHEMRILL, D EIToEIAVT a4 LTI 7 AT
— gy RNE =BT

(0]
100 | W 41 59 g 128
CH, COOCH;,
S 807
>
2 60| | 87
[
£
o 40 - 113
©
g 20 - “
0
0 20 40 60 80 100 120

m/z

Fig. 5-15. Mass spectrum of methylated compound D.
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(i) 2-AF% YV b4~ VBHROBERRISEEWMDRIE
FHEAL L-BERISAEEDE GCMS T L, HEfiT L (Fig. 5-16). U7 ¥
g %A 256.9% (Compound E) IZA A E—27 BB 5N7-. Compound E HED 7 F 7 X
vF—a VR B L, m/z290 (M), 275 (M-CH,), 231 (M*-COOCH;), 201 (M'-0Si (CHs)
o, 147 ([(CH,),Si=0-Si(CHy),]"), 73 ([Si(CHy,]1"), 59 ([COOCH,]") TH YV, FE{kLEHIL
MU AFAVYABLOAFILZZATIALENT: 4~ FaXx-2-FF VY VETH
B ERELE.

(H3C)3S1I0 "\ OSi(CHy)s
73

_ 100 CH; COOCH,
9
2 80 ;
0
S 147
e 60
‘° 59
S 275
= 40
e

20 1 290

201 231
1 ll 2
0 1 " L 1
0 100 200 300
m/z

Fig.5-16. Mass spectrum of trimethylsilylated compound E.

113



HoH EHLEBR

1 EICROT 10 d RO SRR IR & 0 Mg IRFR - A Y r s hUE TAONR
¥vT5—F¥ d0D) BIO 2-FF V2 b-4- U A RTH#—F (0EH) {EHEZ RV
72 L7, STEEDRA AR 2 AV, EHECREEIRO pH 2222 b/ F 5 [
A A VBRI a~ NP5 T 4 —E{Tolz. ETOEBIZBWTE LN EEE S 4-3
¥Hoso brEE e Ry t—EBI O 2-FF VX0 b4-= UV N FFE—F
DOWBEEFEMZTRL, ThENOBEOEEEEZIEZ -] L. £k, Frsisu~
NS 74K 0w M7 4 =BT OEMRE DT 2 Z LK RN-
7-. Native-PAGE {ZEBWTIE 1 KD AL N K& 1 AO<AF =\ FHERLNTZH

(Fig. 5-6(A)), SDS-PAGEIZ T 1:1 DEIS T2 ARDHARAZ /N FRR LN Z L b (Fig.
5-6(B)), 4-FAF¥nu o b UEEUBEORBICEES TS 2 MEOMENBEEEGHREZ TN
LT3 LR L7, Native-PAGE IZRBW TR Bz~ A F— 30 RIZkENEPICH B
ENLREEE LY T o=y N THDEEZBND. Pseudomonas sp. AP-3 # 'V BL W
Pseudomonas putida mt-2 ¥ \ZBWTHRRORIG 2L, RpHEEL2RT 21
FOREFIC L ABEFEAEIC OV THE STV, £72, AP-3 #RIZIV T Native-PAGE
EBWTwA T =AY FRRGNDZ EbHEINTD V. BRLBEELAVZEE
ERICHEREOIATIC LY, 10 FREROARRIX 4 FFPrsa b VB T Fadi—
YELIO 2-4F YRy b4-Z U N FTHZ—ETHY, MERIIEEESEELNK
LTWABEER L. £, ABEEIIZOFEERIIC 0HE2BER L. KBEET
Pseudomonas sp. AP-3 ¥RHISEDREEEHZEAE Y LEHEIZOWTHET 2 LW\ < 20D
ERR O,

HBREEE 2 AW TEZERIS 2TV, BIRANS Mokl JUOER L ZEBERRISAE
EMORED DRI LT L., 4~ xVuso hUBEREE L LRNRICEES
BETIT 2 & FEE B 235 nm (2B 2RO BLORISEER L EX LMD 2-
% VR h—4-x UEEH RO 265 nm T OWRIE B L.

F o CRMEEZAVWT 43X Yoo hUBERIGEITY, ERUCEBEERUSERE
MESRE L A, 2-FF Y0 b4V BETHo . EDIT, 2-AF Y b
- UEBEEREE L LTRIBEZITY, EMUCBRERRICEEMEDBERE LI E T 5, 4-
E Rexi-2-F% YL Y VBETHoT- (Fig. 5-15,16). £» T, 4-FFV¥ursnm b
B (Fig. 5-17, Compound M) i 4-FF¥usu hriE THILRFLT—ELBIV
2-FF YRy bA-T U N RS HE—BIZLY, 2-FF VY~ b-4-= F (Fig. 5-17,
Compound IV) ##&T 4-t FuFxi-2-F% /LU (Fig. 5-17, Compound V) (Z
EHEIhd efmle (Fig 5-17).

R - ABERE O F BT VIEETE T 470, 000, SDS ERUKENTIZ Y 72=v D
ISTFEAS 29,000 LR 27,000 Thotz., 4 FFHurno hrBEFANLRX LT —EIT
FeZ, Mn¥, Co®%m 2 fliD&EA A, BMLAITH B Fe(CN) & R0F / I — FHEER, PCMB,
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MNEthylmaleimide %5 -SH ZZEARIE, Tiron ICX VBB EINADR, 2-FF YU |
“4-T N A R EZ—BIXHgIC DR EEZZIT 2. £, RBEREO NRig7T I/ Bl
Bl Lim& 2 A, 29,000 O} 7=y MIBWTIET —FX—R LOBEHOF L]
7B LT UM ERE R o7, 27,000 OV 7 2= MIEBWT Pseudomonas
putida D 2-v Fu¥xi Xy b-2,4-Yx ) x— kK A K5 Z—+F (accession No.

AB107791) &7 3 JEEL~ULT 80%LA EDELWEZ R L7z, 2D &5 29,000 38 L8
27,000 DY 7=y bEENTEN XY b TAOLEFTT—E, 2-FF
IRy A~z g N KT X —BThDERERLT.

Pseudomonas sp. AP-3 fREIED 4-AFHYnrn bV THLRF T —EBEB LU 2-
FF IR A Ui A RTEZ—B WEEEIZONWTHERLIZEZ A, W20 O
FENR SN (Table 5-3). AP-3 HRHRORER L ELEEESHEFRL TEY,
EHEDOFBUC Mg B LU Mn® 23K L, AP-3 HRHROMBERIT A VICEER L ERIFEMEE I
BOTHE LW, LarL, 1IdBRBEROTINEAF L F—ERBI U, KT 7 —F
i%, BERIEMHICHZ 25 pH OB LOREORE, £ERBEOLEIBNTEOEE
WICRESHEPRON. £72, 10d BRESROMBERIITEHEOFHBIT Mg* DA ZEK L,
Mn** % & D=l DO&B A A 0-SH HEMRIE, FL— FREBNWT, TIALRFTF
—BIEFE LVEEEZZT, N FeTd—BlIHg" I COARELZZITZ. ETNKHT I/
BEHICB W T HAERR bz,
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N
/ 2 o, X
_»__»_» = OH EYO O L_'O\(\r s

HooC oH E1 E2 CHOOOH codd OH Mgz+ CHz COOH Mgz+ CH, COOH

| I n ﬂ \ ﬂ v

4-Oxalocrotonate 2-Oxopent-
decarboylase 4-enoate hydratase

Fig. 5-17. Proposed pathway of 2-hydroxymuconic 6-semialdehyde metabolism in
Bordetella sp. strain 10d.

I, 4-amino—3-hydroxybenzoic acid; II, 2-hydroxymuconic 6-semialdehyde; I,
4~oxalocrotonic acid; IV, 2-oxopent—4-enoic acid; V, 4-hydroxy-2-oxovaleric acid;
El, 4-amino—-3-hydroxybenzoate 2, 3-dioxygenase'® ; E2, 2-amino-5-carboxymuconic
6-semialdehyde deaminase!® ; E3, 2-hydroxymuconic 6-semialdehyde dehydrogenase;

E4, 2-hydroxymuconic 6-semialdehyde hydrolase; E5, 4-oxalocrotonate tautomerase.
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Table 5-3. Comparison of decarboxylases and hydratases.

Bordetella sp. strain 10d

Pseudomonas sp.

AP-3'V
4-oxalocrotonate  2-oxopent—4-enoate 40C ¥, OEH P
decarboxylase hydratase
Molecular weight
Native enzyme 470, 000 300, 000
. 40C @ (28, 000)
S t , , 000
ubuni 29, 000 27,0 OEH® (29, 000)
Thermostability ~65°C ~35C
pH stability 6.5-8.0 4.5-7.5 5.0-8.0
Optimal pH 7.0 5.0 7.5
Optimal temperature 45°C 25°C N. A.
40C @
Fe® (17.2%)
Fe* (29.8%)
2+ 30
;rel%' ((ZQQ/A))) Fe (CN) 63- (27. 6%)
(o] + 0,
Fe(CN) ¢ (36%) Ag%(o/é)
2+ Cu (O%)
Jodoacetic acid ‘ & 0
Effects of reagents (64%) Hg* (0%) b)
PCMB (54%) OEH
.. Fe?* (13.6%)
MNEthylmaleimide - o
(58%) Fe* (9.5%)

NH,~terminal

Tiron (59%)

40C @
YLEAKVIQALAVALDIXEMNEV

OEH ¥
MDDKK IQQYGDALYEALVERA

Fe (CN) &> (76.0%)
Ag" (0%)

Cu? (20.3%)

Hg* (0%)

40C @
MKISRIAQRQ

OEH ¥
MSEQNAKLAA

a) 4-oxalocrotonate decarboxylase
b) 2-oxopent—4-enoate hydratase



EOE (U
EIE
BEEETIZAT I /-3t FaX v REFREHE—DORER, EFFELLI V=R ¥
—JF e LTAEFTS 47 2 /-3-t Fux T ZEEBRE(LME Bordetella sp. 10d £RIZ
BT 5 AR R ORI & R X ORICHEE DT 21T o7z, B 6 ETIT 4-7 3
J-3-t Fu ¥R BERABHCET 2 BEARMED Z I L2 5 DI FRHEE
OFRETHS 2-t FaFihalig 6~ I7 0T REEE L UTREH RO EH
Fahfitik & RS &8, ERULERKRREEDZH8E - RAETS. & 5 EXTIZH/LAL
REEFE LD, KFEICRITH 4-7 3 /-3-t Fux v REFBRRHREIZONTIHEH~, BE
WOFEFHREDRBTRE & OHEZITS.

B2 4-7 3 /-3-t FoXUEREFERRMICEIT 2ERRBEDOLH - FIE
1. BERRIGEEYMOLBEL FE
(1) BERESBLUBRRIGEEDDOER
100 M VU UEEH Y o h—F B 7 AFEEHR (pH 7.5) 40 ml {2, 1.42 mM 2-& R ¥
LAarvig 6~ IT7AFE FiEHk 14 ml (0.198 mmol), 1.4 mM NAD* 2.0 ml 25 62U
L, R (10.6mgeml™) 4.0ml 2N 52 & CEBEEULZA L. RISIT
25 CT 20 43f, 100 rpm TR E O &7 7.
(2) BERRISEEMOFHERL
BEERISHR T, RIGKREZTARL—F—T10ml E TR L, 6NHC1 ZAVWTpH 3.0
CEHRE L7, F0%, EETFLC 3 EHREEZITY, BHEEEE A, AaEEIE
BAFERET P L2 AOTRAKLEEZIT 2%, =KL —F—CREZEL-. B
BERIGEEMZ, 2,4-V=ba 7=t RTI DU AH 7 —/VEEHR (0. 297 mmol) & 6N HC1
AL, 30 HERBICHET S TIVR=LVEEZE FTV 4kl B NS
VUBEHERME LA E M E 5% D HCl 2ETe A S /) —/VIRIRHIZT 85CT 1.5 h fUL &
Wiz, FER UEERRICEED % GC-MS sricft Lz,
(3) GC-MS4&#7
v RS g Lz bAMIT RS 6-3000 ¥R/ u~ v 728 LA
M-2500 —HINAEESITEE (BILEUERT, B TiTolk. REZLUTITRT.

[&e4t]
« 75 A : TC-1 fused silica capillary column (0.25 mmX30m, GL 314 =X, HIR) ;

100°C (1 min) — (10C/min) —300°C
« X% U7 HA :He, liner velocity 2.5 cm/min
- INJ/DET : 250°C/280°C
< fRi o MS  (EIi%, ionization, 70eV)
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<FEHR>
1. BERRIGEEHOFRE
MR U B RICAEFER ® GC-MS ot L, &M Liz. V7 ira U F A L 13.2

4% (Compound F) 1A A v E—27BNR 572, Compound F HIRDTZ7F AT —L g
BRATT AL, mz282 (W), 251 (M™-OCH,), 222 (M~H-COOCH,), 207 (M*-H-COOCH,~CH,),
195 (M*-H-COOCH,~CH,~C), 181 ([C/H,(NO,),N]") (Fig. 6-1) T& Y, FEMR(L LIBERK
IRAEFEMII A RN 2,4~V = buT ==l RIVUALENINRFIVER A F LT
AF L ENTEELE VEETHD ERIE LT

NO,
181

100 |- °2“‘©‘".:=C.coocm 282
9 “CH;,
P
£ 75
oS
g
E
o 50
2
©
g
¥ 25

0

0 50 100 150 200 250 300
m/z

Fig. 6-1. Mass spectrum of 2, 4-dinitrophenylhydrazone compound F.
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# 3 Bordetella sp. 10d 1281} % 4-7 I /-3-t Fux I ZEEFRREHEK
DPER L CBEHORFFR L DHE.

HIENLAEFE 2HE TOREICBIT S 4-7 I /-3-t Fo X ZaEBRMEEESR
DFENTIC & BRI Z RO X 5 1w L7z (Fig. 6-2(0). 4-7 I /-3-k FuF L
B&EE: (Fig. 6-2(C), Compound 1) i% 4-7 I /-3-b FuXxI ZEHFE 2,3-VFF ¥
FF—F 19 (Fig. 6-2(C), El) kv, _UEBUrROBEEEZIT 2-7 I /-5~ LAKRF
S haLvEk 6-EIT7ATE F (Fig. 6-2(C), Compound II) IZZE#as 5 @, 2-7 3/
S5-HNRFT LU 6~ ITATE R invitrolZBWTE DRI FERETERYIC
2,5~ VT H R UEE (Fig. 6-2(C), Compound V) IZE#EN 5, & 2 B TH
B LTz 22T I ) -5-ANREX LavEE 6-EITATE R T7I5—E 9 (Fig
6-2(C), E2) Ik VBT I/ RIEEZIT 2-8 FaF$i-5-ARF T ha i 6k
I 7A5k K (Fig. 6-2(C), Compound M) & 729, FEEERRIZZBUREERISEZRT 2-t
Kok aarlg 6-EIT7ATFE FICE#aEns (Fig. 6-2(C), Compound IV) '9. £
1 ERBLIOE I ZL AR NADHEEFER 2- Fuf T haviE 6-EITATE N TR
o #F—+¥ (Fig. 6-2(C), E3) OARIZT 2-k FaX v bavig I T7ATk FEf
ML, 2-b Fux barf (Fig 6-2(C), Compound VI) (BT B LML, &4
BRI 5 ELD - Fuxlaaryigii 4-AxVusu bl F—F2A5—F

(Fig. 6-2(C), E6) {=& Y 4-FF¥us o b (Fig. 6-2(C), Compound VI) (ZZE#i
Sh, &-FxVuro hoBE FHIALRXTT—E (Fig. 6-2(C), E6) BXU 2-FFY
Ry b4-= U A F5F—F (Fig. 6-2(C), E7) OEEFEHEGHEIZLY, 2-FF I~
v h-4-z Ft (Fig. 6-2(C), Compound VI) Z~T 4-t FuFI-2-FF% Y LV V#

(Fig. 6-2(C), Compound IX) IZE 3 LfEsm L7z, £/, H6EF 2 /LY (Fig. 6-1),
AEICEITS 4-7 2 /-3-t RuFvREFBROREKRHMEDIIEL E B Fig 6-2(0),
Compound X) ThALiEMmLI-. 4H, 4~ FrFi-2-AF Y VI VBEZE)LE Y
FEICISHAT A 4-b FrFi-2-4% Y VLY VEE 7L RT—BIZ oW TREMEITZ LT
WiV, BEEROFESRE 1V TIHEEEENEDT-OD 4~k FuFi-2-FF% Y 1]
VEEDORMNHE TH T THD.

AKEIZEITS 4-7 2/ -3-t Fo X ZBEBABRE & BEROFEFHEILEWHRE
KL OB AT He BIX2-T I/ 7=/ — VDA FRERRIZBNT2-TI /) 7=
J—DAFN, rau, b Rax, HVRFVHEEFRIIBTAIRHOERL, 2-73
)7 x)—NAZHERBERTRBEND LIREL TS P ™0, SPIERICTREL
72 2-7 3 )7 x ) — VB Pseudomonas sp. AP-3 #EH F£72, [FIERDOMREE modified
meta—cleavage pathway) (2L »T2-7 I/ 7=/ — &K@ LY (Fig. 6-2(4)). 10d
BiZBIT D 4-7 2 /-3- Fux R BFBABIIBVT, 473 /-3-t Fexi LR
EBMBR T N AT XU OB U KBEEATORMPHELRS Z L EE
BEBHIIL VP UVROBEEZZTARTEE LW, LaL, W7 2/ KISE
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FeDREIRIZIBUVT modified meta—cleavage pathway &R QR->TWV5S, 2%, O
VEVBRBRES, BT I/ REERTH L, ORT I RIS, JFBERAYR B
FISHR OB ZE, @OAP-3 BETIRAWE SN ol 4-AFYuro b @ F—5
AT —EPRPRIHFEETLHIETHD.

AKED4-T7 I /-3-t FeF I ZREEABIIINVAF ONEEZ PO C2ALE CIHLD
(B TRUPUBOMBIAZITH &N D J T Bacillus circulans \ZB1FA7 v b AT X%
VEBRHHRIE 3 LELLTWA. Zo7 e AT R UBREREIZBW TS e MIT X
VEBIL 2-t FuFi-5-AARFILaLE 6-EIT AT E RE~T2-k Faf i ha
VB 6-E I T AT RICEBENE, NADTIEKFR 2- Fed o hal 6837
NMNFE R g Fed—Bickd g ke Ty rr—he NADTKFR 2-& Fr¥y
Lavilt 6-EITATE K T RaFfr—FIck 35 S FaFR4TF 47— hZ
FoTREEND. -t FeFxl bz 6 IT/T E R — MZX > TRES
a5z LiEh T a— L ORBHEE P Tk THS (Fig. 6-2(B)). LA L, 10d £
TRTFANAL Rl 2 AT 4 TA—FDORT 2k Faxbhavlig 6-EIT AT L RE
REMT 2. 20k 5 2RBRITEFICB LL, 7 =/ —/VELMEHE Comamonas teststeroni
TAMLIZABNEZDHRTHS P, Uk & XY, 10dRIZBITSH4-7I/-3- FuF
SEBEBRIIEERD 2-7 I ) V= /= VEBIOIT 2 VEHORHE B P LI
HBRRORATESAERD LWL,
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(A)

NH NHNAD+ ADH NH oHizo HO 0
2 2
L GOOH OOH CH2 coou CH; COOH
COOH
\Y/| Vil

~-COOH
X

{7
H,0 HCOOH

on /  NaD* NADH \" o H,0
HO o
COOH COOH ¢+— o|-| CHz coon CH; COOH

CHO coo
Vv Vi

(B)

(c) CrCOOH
Hooc” ~=N CHOOOH
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Vv
O T NH T l co
NH, 3 2
U~ f* ool Lo —4
HOOC CHO FCH

OH Hooc c
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| Il 11l
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N/
AN oh,
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Fig. 6-2. Proposed pathway of 4—amino-3-hydroxybenzoic acid in Bordetella sp. strain
10d (C) and comparison to the modified meta —cleavage pathway of 2-aminophenol (4),
and to the meta-cleavage pathway of catechol (B).

(A) 2-Aminophenol metabolism in Pseudomonas sp. strain AP-3'“3V. I, 2-aminophenol;
II, 2-aminomuconic 6-semialdehyde; I1I, picolinic acid; IV, 2-aminomuconic acid; V,
4-oxalocrotonic acid; VI, 2-oxopent—-4-enoic acid; and VII, 4-hydroxy-2-oxovaleric
acid. (B) Catechol metabolism in Pseudomonas putida®®. 1, catechol; II,
2-hydroxymuconic 6-semialdehyde; III, 2-hydroxymuconic acid; IV, 4-oxalocrotonic
acid; V, 2-oxopent-4-enoic acid and VI, 4-hydroxy-2-oxovaleric acid. (C) Proposed
pathway of 4-amino-3-hydroxybenzoic acid in Bordetella sp. strain 104618, 1,
4-amino-3-hydroxybenzoic acid; II, 2-amino—5-carboxymuconic 6-semialdehyde; III,
2-hydroxy-5-carboxymuconic 6-semialdehyde; IV, 2-hydroxymuconic 6-semialdehyde; V,
2, 5-pyridinedicarboxylic acid; VI, 2-hydroxymuconic acid; VII, 4-oxalocrotonic acid
(keto form); VIII, 2-oxopent—4-enoic acid; IX, 4-hydroxy-2-oxovaleric acid; X,
pyruvic acid; and XI, acetaldehyde; El, 4-amino-3-hydroxybenzoate 2, 3-dioxygenase;
E2, 2-amino-5-carboxymuconic 6-semialdehyde deaminase; E3, 2-hydroxymuconic
6-semialdehyde dehydrogenase; E4, 2-hydroxymuconic 6-semialdehyde hydrolase; E5,
4-oxalocrotonate tautomerase; E6, 4-oxalocrotonate decarboxylase; and E7,

2-oxopent—4-enoate hydratase.
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wOE

AL TIL4-7 2/ -3-& N X U REEBEIEE Boedetella sp. 10d BRIZBIT D 4-
TI/-3-k Fuxl ZREBRRBEBIUBEREFALNCTIZ L2 BMNE LTHESZ
D, WOL I REREHRDLZLNRTEE.

4-7 3 /)-3-t a3 RHAEFRIT 4-7 3 /-3-t FuxL28EFE 2,3-UFXT 77
—PlLE o TRVBVROBEEZZT2%, 2-7 I/ -5-AIARF T hayik 6-8IT IV
Fe RICEHRENSE 1V, 4-7 3 /-3-t FuXx U REFBIEMICTAEZERL, HoN
AR W TEBERIS T2 25, HETHDH4-7 I /-3-t Fax I gRE
BRSO SEEE DA & & bi, BIOBERRISEEDOERE T THROLEOHMB R ON
7o BEERISEEDIIERFIC - Faxvhath 6-2ITATE RTHH LHEE
L, 227 3 /-5-HVRFLLaLsf 6k ITIT e RITREBEORISZ il 5B R
kY S SICRBIEN- L TFRLEZ. F2T, BHROFERCEDRHERBE I VHEESN
DEEx RRETE R R BE L LTSRS EITY, 10dED 4-7 2 /-3- FrxREE
BN T OBERERE L. TORHR 4-7 3 /-3-k FuXRBER 2,3-UF
FAF—E O PST, 5 BEEOBEEEE RT3k, Zh b OBEREEIT=
N -2 L3 — AREHICRSE L CB B0 B BRIC bbb TR o N8, D
TIERWZ ENb U F T FF—E 2B LABERR TR UIFEMICESK SN D LR
Liz. 22T, H-lcRHELUE 5 EORBBEEREZBHRL, £OREMRTR X URIGH
HEOMMTICL Y, REICBITS -7 I ) 5-INRXT Layfg 6-EITATE FUBD
RMBZREHALNIL, 473 /-3t FeX U RREFRAMRBLHEE T LITLE.

4-7 3 )-3-t RuxI BEEFRE 2,3-UAF 7 —E 19 OREMTIERT 58E, 2
D 2-7 35 UARFVLAVE 62 ITAT b FOMESROBHE, HIEMTB LT
FORSHEEDIANT AT o120, ABEORE LD 2-T I /-5-INKRF L3l 6-
¥ I TATFE RIRIERICRRERKAM ThHoT-. FDW, 47 /-3-t FueFxIZh
Bl L TR LI 4-7 I /-3- Fux Y REFRE 2,3-U4F V7 —E 92T
B OHEE L EEE RS & R — ORGSR TIT722 5 BERTE MR E L &2 B7- (CHESL L 72, 10d BRE3K
DOABEE DT BT, ZVIEEET 34,000, SDS-PAGE T 15,000 TH D Z L2 HABERIT
15,000 DH T =y bnbREBREL A v —Tholo. HHUEEEEZHWERSRICE
i BRI AR M DOZE L L BEERIGAEDORE, BIOMbFERLD 4-73/-3-t F
o X URABFBITIN P UVROMES, ABERICIAMT I RIGEXT, FEEEEARN
REBEISERT2-E Faxaa g 6-EIT7AT e FRZE#BEND Lfm LTz, o T
BRI BEEIL -7 2 ) -5-IARFLLa v 6-EITATE R F7TIF—E] ¥ ¢
MBI Lt 22T I )-5-HIARFLLaVEE 6-EITATE R F7 I —EidHE
HERMENEL, -7 I /-5-IARFLLavE 6-EITATE RICORARIE L. K
BRI RET 2 MBIV 3 MDA F IR L TELVWEEEZZ T, RELLZN
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KT I JEEERFI 20 7 I ) BERICOVWTHRER V—RELIToE A, BVEHEES
T E AT BIER N, BERBEORINANRY hVIZEB W TREER IR R
75266 nmiZs 7 b L, AMREEBIC DRI R O, SERELMTORSE, A—tr T4
v 7 @D FAD LIFFEHE AT hUIZBWTHEEIL TWes, #EART MATIIBRRERIZ
MRENR OGN, ko T, AKEEEIZ FAD LIZRRB 7SV THEZERTLIV 7V VB
EThHB LR L. E£7-, Pseudomonas sp. AP-3 HRIZEBIFTD 2-T I/ LoVl 773
F—E W LHEBLT, W7/ RIGICBTAEENR LN, I HIZERORMEIZRBNT
IBEEZEEME, Native ZRIREETONTE, FHEAEOKE, N K7 I/ BEFIZIVTH
BERRONE Y, Lo TABRIIFHOT T IFT—EERETHDI EEwm L.

-t FaFxirarfg e6-kIT7/TE K Fe Ml —Eois LORERT, X
JSHBOIRIT 24T o 7=, 10d BRE RO EHabRPIC 2- Fuf o ha g 6 I TV
Fb FRENCBEETAEEEL LT MDHEFR O 2-k Fax v Aa v 6-2IT7 A7 R
Fe P fr—vEEoaz RE L. RAFe Fa bl h—EB oz oo 8 EH IR E
ETHoT-1-0, B—IRAETHRZITO ZENRTERNoTL. Ko TR IZIZE
SFERIRER RV, MORREBEREAWEBERSRFIZBIT 2WIRA RS b rvnzfbd
BEERISAEEYORELY 2-t Fufx v Az vEg 6~ I 7AFt Fi NADHEER 2-& |
oX At 6-EITATE R Fe Fasfr—2Icky 2-t FeFha o
Ehp Lt L. AR NADKFR T 2 fi D@8 A A, -SH EEHRAIKIC L W &2
3. REFITEEHRENLL 2-t RaXxTba U 62 I 74T b RUIMTZ C~C;
DEHRT LT RBLUORV X7 AT E NI L THIEMZ R L. Pseudomonas sp.
AP-3 BkHIRD 2-7 I V) A VEE 6-EITATE K Tk Fabfh—¥ W Likigdse, &
HREOREL JLUREFREICBOTHEN RN,

4~FxHYuro b @y —4F 2T —EORRME XURERFT 21T o 7. 10d BRE RO
F1E, ZVIEETET 51, 000, SDS-PAGE T 12,000 Th o7z Z &0 bAEEFEIL 12,000 DY
2=y "B RBEET N Tv—Thol. BREERHLAVWERRISRIZRIT 2BIRA
Ry MVDEND 2-b Fuxhalgix 4% usa b #—2 A5 —8iZX
Da-FFHFuro b UEBBIIERIND L L. RBERIIBNCRE T 2Min &R A,
TAHVERBA A, ~SH HEMRAE, 1L — bREICXVEELRIT -, Pseudomonas
putidamt-2 BRESEDFEES 0 L3V 7 2=y FO4FER L U-SH BREMRIEICRIT S
HEQHTHERRLN:.

4-FFHura NUEBEFHILVRFVIT—EBLIW 2-FF R bA-m VN RT F
—F DR L O AEIT 21T o 7=, Pseudomonas putida mt—2 #:3 X W Pseudomonas sp.
AP-3ERHED 4-FF Vo B FTHALRFEYT—ERBLO2-FF VX b4~ U
NA RS Z—F W 39 FEEZEESEEZFRLTNDZ 0D, 10d FREZOEEEE S £,
FRRICEEEE AR E R L TWD ZERTFRENT. 22T 2 BHEOERIZ OV THRE
WAT L CTIT o7z & Z ABERERRO & OBV T b liEEE O HIERE, BiEtEms o
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IR —B L. E£7-, NativePAGE IZBWWTIX 1 ARD AL N R 12:@747“——/*“/
R R HIAS, SDS-PAGE (2T 1:1 DEIG T 2 ROHABR NN FRR NI L2 b,
BRBEOmEEE S EEEEAREEA L TV 5D Libim L. MBERIIE OB MgZ*
DOHEFER LT, KL -ABEE 0N FRBIZS VIEEE TIX 470,000, SDS FEXWKEN TV
Ta=y ROSFER 29,000 BLV 27,000 Thotz., MERIGEEMORELY 4-FF
Yuso b FRYusa b TOAVAFV I BRIV 2-AF YNV b4
VilE N RS E—BIZXD, 2-FF IR b4 UBEERT 4k FaFxi-2-FF Y b
UL END L L. BERFSEEE LBV THBEER T OREIZB W TA
WICHERR BN, 4-FxYusa N TAARF YT — ] iﬂﬁ@éé@zrz‘/ A&
{E#, -SH BEEMHRIEIC L VM AEESNLD, 2-4F VX b4~ VB N FFF—F
X He' W DR EEZZ T2, £72, pll OFE, BEOKEBIZBWTHLAEWIMENRRON
7= F7m, NEBT I BEEIIOMBITICEY, 29,000 BL0N27,000 DT 2=y FEREN
Fha-FAxVarsa N THAILNRFYT—E, 2-FF IR hMA-Z U N KT F—
BPThb LR LY. Pseudomonas sp. AP-3 BEREDEIEESZESE WV L4 5 &, AP-3
BB SkO B R IIRER FNEEEICB O TAEWVICEL LEEE 2 TR T LW ATEHE L
OMENRR LI, FOENEHEORBUCERTIE8BA A BRY, BREHICEZDS
pil OB HEOEE, KREREOMEBIVCNERT I/ BEIICEBWNTHHEENRD
ni-.
21:@ BiJD 4-7I/-3-t FeX %8 %?@%ﬁ%ﬁ?’B?J%‘»Téﬁ%motzﬁﬁ%%%@ﬁiﬁ
Tk, BREARHERBEROL IR L (Fig 6-2(C)). I )-3-t X gh
%E&%i 4-7 3 /)-3-t NuX L REER 2,3-VFF 5 F—Bicky, XUEUVROBHE
B -7 I )5 AARFIAAVEE 6-EIT AT RICEREIND 9. 2-7 I /-5
HLRFELLIVEE 6-EITATE FiZ -7 I )-5-INARFT LV 6-EITAT
E R STIF—FIoL VBT I/ EISESZT 2% 2-8 FuXi-5-rR¥ha ik
G-EITATE Fiolihsn, HBEENRRREBRISEZRET2-t FeXxrha g 63
FTAFE RIcES B, AKElE 2-t Fafxibaavfig 6-IT7ATE FE 2-E Faf i
aVEg 6-EITATE K Fe Falh—EosaTRHL, -t Fexha s 6-&3
TAFE RE2-b Ruxsha BICERTH LR LE. 2-8 Fax i ha il -4
X¥nsn bt F—FAF—PICL Y A3 ¥ rs o b UBICERS I, BEESE
T2 4-FxVurza b THIVRFVT—ERBIV 2-FF YRV bA4-Z U N
A RFGHX—FIZLY, 2-FF VR M4 UBEERT 4~k Faxi-2-FF% Yy L] U#
CEREND. £, AEICBIT5 4-7 3 /-3-t Fux U ZREFBROEERBMEDII LV
vVBThHD EEwm LT,
AEICBIT D 4-7 2 /-3t Fa xR REBRRMRE LEEROFFRILEWINEHIER
LOWEEITo-. AEICBITS 4-7 2 /-3-t Fux  REFHBRAME, PIBERIZLD
NP UBOBRBERBIOBT I BSICBWTIR2-7 2 2 7=/ — /R 1V L
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T, L, BT I/ KISUBEORBRICEWVWTIIEERS RO, DFED, 10dERIiZ
BiT5 473 /-3-t FaxREHFBRB#ICENT, 4-7 I /-3-t Fax ZREEN
Fu AT R VR EOBEE LI KBEY AT OIRETHGE LR S Z L HEYRESR
LWV RUEVEBROBMREZITAEATHEL LTz, LrL, BT I/ ISLEORETR
IZBWT modified meta—cleavage pathway &13R7z > TN5E. OB UREARE, BT

IRIEEZGHI L, QBT I/ KINtk, FEBERNRIRBEISHA R 6D 2L, QAP-3
TIZRWEENR otz 4-FFPursa b v F—2 A7 —ERRMPRITEFEETHZ
LThB. WRIZ, KEICBITS 473 /-3- Fuax ZEFBRBEBRERKEY Bacillus
circulansiZ 757"\:1 Fh TR UERREHRIE D A A LT, RE O 4-T I /) -3-k FaX

BEBRINII VR T NEZROIZ C2 e C3LOME TRV EVROMAEZIT
) }:l/\j J5T Bacillus circulans \ZBF 570 T & EECHIRREE Y LEHILTWS.

LML, 2-t FeXxviharvE 6-tIT7 AT e FUBRORBRICEBWTHE PSR b7,
B circulans \ZBIFTAT 0 b AITHFUVBRHTIE -k FeFTaa v 6-EIT AT
RIX NAD JEMRTER 2- Fux s ha v 6-2IT7AFE K ANf Rued—Blokd A R
a7 o7 —he NADEFER 2- RuFvhalfig 6-IT7ATE R T Fast
—BILEBF A FaFRAL T 4 TN— ML TREEND. 2-8 FedTha i 6-
EITAFE RREA— ML o TREENS Z L3 H T a— L ORBHRE * TiE—Aix
THhD (Fig. 6-1(B)). LA L, 10d#kICIBIF S 4-7 I /-3-& Fu % o2 BERRHHTRE
EFAA R FRATF 4 TA—FDOKRT 2-k RuF haf e-EIT7LTE RMUHZ
TOETHENRRONT. Th6DZ XD, 10dBRICBITS4-7I/-3-k FerX L8
FHEARBNIERD 2-7 I ) 7= ) —VEB IO T a— LV EORHE D 9 L3RR B L
L7,

AFFRIZBNT 4-7 2 /-3-t Ru X ZREMELME Bordetella sp. 10d IZRIT 5
4-7 I /-3-t Fu X ZEFMBABZHAOMICL, BHOFERILADAHHRE L OHE
ERHTZENTE . E, RMEBERROMBT NS 4-7 3 /-3-t Fed P REER 2,3-
CEAF =B OGN, FBRBERE LT2-T I/ -5-INRF L 6 2
TLFEe R F7IF—E9E2RMHL, TOREEZHALNITHIIENTE . FEBET R
VEHORRERALAW, 2-T I 72 ) —VOFEKRTHD 4-7TI /-3 Fux 2R
FEBROMAEDRBEZHLNCTHZ LT, S%MOT I VHOMEMSRIZIONWTHLEE
2B THAHILEZLND.

SHOBELLTIE 4-7 3 /-3-t Fux v ZBRBAHICHES T IBRECTHB L
VCENL DHIEEEEZAOMNIT AL THH. AR EER T 2BERIISTHE
BN AR ENLTWA R, BFEL a— FTA38ETHRICBWTIRI—OA e 2R T
10, DNA LICEEFEREGF RO LU TEEL TV A AEREREZE X OND. ZTNOLEHNTS
& TEBERILEMOMARNRBNCI T o e hliE 2 R 2 L B3R T 5.

i
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Summary

Bordetella sp. strain 10d grown on 4-amino—-3-hydroxybenzoic acid as a sole carbon,
nitrogen, and energy source. Bordetella sp. strain 10d metabolizes
4-amino-3-hydroxybenzoic acid via 2-hydroxymuconic 6-semialdehyde. Cell extracts
from 4-amino—3-hydroxybenzoate-grown cells showed high 4-amino—3-hydroxybenzoic
acid 2, 3-dioxygenase, 2-amino-5-carboxymuconic 6-semialdehyde deaminase,
NAD*-dependent 2-hydroxymuconic 6-semialdehyde dehydrogenase, 4-oxalocrotonate
tautomerase, 4—oxalocro£onate decarboxylase, and 2-oxopent—4-enoate hydratase
activities, but no 2-hydroxymuconic 6-semialdehyde hydrolase activity. These enzymes
involved in 4-amino-3-hydroxybenzoate metabolism were purified and characterized.

2-Amino-5-carboxymuconic 6-semialdehyde is an unstable intermediate in the
meta-cleavage pathway of 4-amino—-3-hydroxybenzoic acid in Bordetella sp. strain 10d.
The enzyme was purified to homogeneity and characterized using a new coupled enzyme
assay with 4-amino—3-hydroxybenzoic acid 2, 3-dioxygenase. The enzyme is a homodimer
with 15-kDa subunits. The deaminase from strain 10d contained an FAD-like cofactor
as indicated by the absorption peak of the purified enzyme at 266 nm. The N-terminal
amino acid sequence of the purified enzyme did not show significant levels of identity
to sequences in database programs. The yellow compound formed from
4-amino-3-hydroxybenzoic acid by this purified enzyme and purified
4-amino-3-hydroxybenzoate 2, 3-dioxygenase in a coupled assay was identified as
2-hydroxymuconic 6-semialdehyde by GC-MS analysis. A mechanism for the formation of
2-hydroxymuconic 6-semialdehyde via enzymatic deamination and nonenzymatic

decarboxylation is proposed based on results of spectrophotometric analyses. The
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purified enzyme, designated 2-amino—5-carboxymuconic 6-semialdehyde deaminase, is
a new type of deaminase

. Unfortunately, we could not homogeneously purify the 2-hydroxymuconic
6-semialdehyde dehydrogenase from strain 10d, but several properties were revealed.
The dehydrogenase from strain 10d characterized in the present study had a broad
substrate specificity and its dehydrogenase activity toward formaldehyde,
acetaldehyde, propionaldehyde, butyraldehyde, and benzaldehyde. The dehydrogenase
from strain 10d was inhibited by some sulfhydryl reagents. .

The 4-oxalocrotonate tautomerase was purified to homogeneity and
characterized. The enzyme is a homotetramer with 12-kDa subunits. The 4-tautomerase
from strainIIOd was inhibited by some metal ions, salts and sulfhydryl reagents. The
tautomerase from strain 10d differed from that of other tautomerases in some
properties.

4-Oxalocrotonate decarboxylase and 2-oxopent—4-enoate hydratase from strain
10d formed a complex in a molar ratio of 1:1. Analysis of thekNH2~terminal amino acid
sequence of the 27 and 29 kDa proteins from strain 10d identified the proteins as
2-oxopent—4-enoate hydratase and 4-oxalocrotonate decarboxylase, respectively. The
decarboxylase and hydratase from strain 10d differed from each other in most of these
respects. Mg? was essential for both enzyme activities, but the decarboxylase was
inhibited by other metal ions, sulfhydryl reagents, and chelate reagents, and the
hydratase was inhibited only by Hg?".

We propose a pathway for the metabolism of 2-hydroxymuconic 6-semialdehyde in
strain 10d via a dehydrogenative route based on the analysis of the enzymes and the

identification of intermediates. Our results reported here indicated that strain 10d
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does not have a 2-hydroxymuconic 6-semialdehyde hydrolase involved in a hydrolytic.
The metabolic pathway for 4-amino—3-hydroxybenzoic acid is similar to those for
2-aminophenol derivatives in the benzene-ring—-cleavage step and the deamination step.
However, the 4-amino-3-hydroxybenzoic acid metabolic pathway notably differs from
these metabolic pathways after the deamination step. The pathway for

* 4-amino-3-hydroxybenozic acid in strain 10d is similar to the protocatechuic acid
pathway in Bacillus circulans in the oxidative cleavage between positions C2 and C3
of protocatechﬁic acid. However, after protocatechuic acid is converted to
2-hydroxymuconic 6-semialdehyde via 2-hydroxy—-5—carboxymuconic 6-semialdehyde, the
2-hydroxymuconic 6~semialdehyde is metabolized via a dehydrogenative route and a
hydrolytic route. We conclude that the metabolic pathway of 4-amino-3-hydroxybenzoic

acid is different from those of other 2-aminophenolic compounds.
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HEE

KR XEELDOBICHIZ0, THEE, JHEZBY E L-ERMERER, LEHRL
B}, MTHEAREHBICOLIVEMHOEZRLET. '

AFERZITOCHZ Y, KREAEY 2 ZHREE W& LEFARRREEE, MTHiHE
BBF, BRARTHEL VWL EE LN EE—IBERICRE# - LET,

HRBIEER AR 2 HER A ML ZREOER, 720 VI BEMEMERIL MU
AR FEBEOBBIZIL, MEOCHBIZBWTE HICHETEE LD & 2
W= LET.
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