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Y g S AL BT B R T Bt CoA T
BB AN IR NE AT SE L B 1% R
KEX Emy

(PEBEERE L SHWERPRF LS 200032)

W O RREAFRRRE 8% PR R CoA 2% (i B8 (MCM ) M ¥ RS (MCR)
RIBKAN. S43WL LRIk, Gk MCM B LTS H %Y 12.84u / mg, 4ifk
130y 528, B FL R 60%, 261LIN MCM 6§ HE A S BE g EC RS #8025, X B HIME
CoA F¥EM By, B9 K, (55 9.723umol / L #1 0.1277umol / L, £ Sephadex G—150 3
& MCM 5+ F B 2924 134 000 £ 2 000, SDS— 3 7745 B e S B o 3k 18 77 B 5 B4 5l R
67000 il 65 000 BB 474, SL 0 %R0 T B D O/ R S T AR A0 U M35 00 3 o s 4
EMEPIBE/RAEE B,. Sk MCR 8§ 15 1 % 2.305u/ me, SE4E45 % 96, B 1 [T i
46.7%. MCR BRI 5 TREIA 17 500 M EA R, MCR BitHBs HeRET
Cu™, Co®™. Mg™ . Mn>#l Fe?'BF{2 ik, P O 4 2 1 D LA A M BB MCM . MCR 8§
B 5 Hf.

RERIA M PG RUCH T, T35 TR CoA TE{URE, 1 HeRG, 4L, M EPE R

WHRRMERNEEEZNEBEWRE S FEAFRER L®. S8 P iR
FRC UL S % R 0B R 380 T 75 B CoA TS Mk CoA = M REAG A/ A~
PR TR AT, 3R AR 2R, R C° iRt
AREKBNEBR AT ER B CoA A f% 4 B mim!, @i, WA L BT HIRE
CoA FHILH IR B CoA 25 M8 (FIFR MCM, EC5.4.99.2) #8575 -8k CoA
TERS (FE18F MCR,ECS.1.9. )L B T ARNE B E SR YA,

REROARAMMEIENDH MCM BEBBAH™ Y, Hx %kl EEX 7 N2F 4:0)
LEE MCM SRPIF MR, Hunaiti ER I B EF 4 Streptomyces erythreus P
AL KA MCM RS, BT 65 L IE 8T T 3 HIBE CoA 24 MCM ARRELL Sk
BH TR Bt CoA EAHATBRAFNE M. BETEARSH MCR B IR
L, RAEDGEIMEM Propionibacterium shermanii I3 b 44185 MCR BT, m 4
HIoR RBIXHUAE R 4 8 MCR BB, RITMANEBE SV 7 B b A ) T
BT & (Amycolatopsis mediterranei) U32 1 454L T MCM H MCR A, I %t H 35 K oF
WRBIT T #F 5.

X F1994F12A23 N eEl, 1995478 100 £H.
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1 #Hfk
1.1 FEOEERMRN

UV—-120, UV-250 40T RAEREH (B RSP S), SESHEOHLI2-2IM (E
S8 4B, RAEEAR. FNFATEAMERRB AR A Sigma ™6,
SDS—4 ¥ &7 ¥ (LMW ) #! Sephadex G—75 #1 G-150 ¥y Pharmacia /=&, DEAE-#
%% (DE-32) 5 Whatman 7 &, k5 # B 8 i (pH3.5~ 10) MR ER KA B H Kid
A= RE¥h s frais b amda,
12 E#

Hi v g UL T B BT B (Amy colatopsis mediterranei)U—32,
1.3 EEERT*E

HSCHRI8), RIS 60h MBI & T0 4 R R .
14 —MaIWAZE
141 AR TERERE.
142 HEZEESVHOME. SRR e, LUEENABRE (Sarcing lutea) HEE
£
143 ZEABESBREE: # Bradford 875, L4 M FAE L MRk,
144 TPELPTRE CoA A A REA I HEREIE ) ST : 4 B Kellermeyer %" Allen %
IR, 28C TR # L Lumol BYIFTREEE N TR R, RE A UGE
PR T S RIS A R, R IR HIEE CoA MYALE 4 BUK Simon S8 ik, W
TP 2N B CoA ¥ MM A. mediterranei U32 P41,
145 MELSTRRELSTRMG: R Sephadex G150 & 247 ik SDS-F
T O B B e v R R IR T 4.0% ., AP S IRIRE 12.0%. B G G250 B
fa.
1.4.6 NSRS ME ﬁvﬁﬁ%mﬁﬁmfﬁﬁ%ﬁiﬂa%ﬁc&“”
147 BEFREKNH%: 3 Hopwood %R,
1.4.8 FIEEPT Bt CoA 76 {3 A A0 7 FERE (9 2 40 1) IRBOE IS : £ UV-250 4 st it
EH#.
1.5 MCM gtk

a4k 7 3 5 18 Hunaiti 2% Murthy SR FEFEBIENR. Akt BY
1 0~SCTF#17.
151 CAKRHABRBEHEA EEBZT 3FERAZ MR A(pH7.0,0.05mol / L
KH,PO,~NaOH, A% Immol / L ZHAREFEE) b, HAHERG, T 4C 12000r / min
B0 30min FIHE, Wk L.
1.5.2 DEAE-#14% (D-32) MM R4 RSEM: 22 0 A V41 DEAE-S 4R i
ATAMBER, 4C FHH 1h 5 A 1L 2w B(0.1mol/ L, pH7.0 KH,PO,~NaOH)
BB, ¥BE K DEAE-A% ZHKERET 500ml Zx# C P (0.3mol/ L, pH7.0
KH,PO,~NaOH) . 4C TH## [h i5 A Kk SR E B, BB PIMA (NH),S0,
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0% BHE,4CKFPEEIEE, 17000r / min B L 30min WEHRRE. REHLEE

Ml A EGX 1L FAEE M) E AR E R 0.5% Ba(OH), BB LUR .

153 B, ¥iMR AW B,, HiMiE S8 ($1.7x6.5cm, Sigma = F)4C FHE MK A

V. —SBREFAMNEBEE L EEGEE S REHEmE A K BHAE

1.0mol/ L NaCl W22 /i A JEME, W& 0.5ml/ min. RSMA 3 FEKERN S

1.0mol / L NaCl, 3.0mmol / L %i#8§ B,, M A. ESHEREMR P RBEIEE

Vi, T8N B, LA TR, LENERE, 2By B, X 1L S AT

ZE.

154 DEAE-HERIEN: BHBRESHBRNTRSOE, FHTHAA LT

EME. B L DEAF-HER($1.5% 1.5cm), HFL R HE A VHHFREEL

@5, HEmE C LL0.2ml/ min MR EVRESAMB. LHEMEERTZ PEG6000 &

W45 EPIK 29 1.0mg / mi, Hﬁsﬁiﬁlﬁﬁﬁ}ﬁﬁ

1.6 MCR Ef9st{L

£ Leadlay 7 3 fE R 4B 8, BT Sk 25 RIYAE 0~ ST FEAT.

161 FTHMHR AR S DEAE-4T4 F (D32) WM B4 kB E MCM B4,

162 RERKABZW - EHENBAE LILE i D(0.0lmol/ L pHT.0

NaH,PO,—Na,HPO,) V@ #1 e EH KA H (4 1.8x 60cm) b, EFEESERH SOml S5 s

D ¥, A J5 A 0.01moil / L-0.2mol / 1. NaH,PO,~Na,HPO, (600ml) £& & ¥t % , i &

0.6m! / min, 53 MCR B§iE 5, T 4C ik PEG6000 ST ok 48, 45 %
- @K E(0.05mol / L., pH7.0, Tris / HCI) i #7.

1.6.3 Sephadex G-75 2 THi B #r: EW/EHEH (KL 1omD) LA 2w B L4 1

Sephadex G—75 H (4 2% 80cm) b, G2 E B, 43 &H MCR 8% 2B

. PEG6000 FLE Tk 41, BB WX B b3 E BT T 4C KB P RA.

2 ZR
21 MCM B#1 MCR ﬁﬂq&-u

Bl EFEARKEANAREEFE BANES L E, 45 3KE T 40 MaE g
UG RAERS, BANTER TS LSS EAM 12.363%F 87.637%, MIEHN
EBEERSRHA MCM B MCR BEIE 5, LIE 42 510 0.05418u/ mg R
0.04064u / mg, MILIEFBH K EMB MCM B MCRBIE ., X—ZFRH A
mediterranei U32  MCM B§f MCR R TN THRBANHRA HHES.
22 MCM &§#1 MCR Bty stifk

WEi RS SRR SRS BN R R RN R AR MRS REd
W& E N - EAHN, WER MCM B MCR B #difh. st dBPmE I REN
REEMAARE . F2, 81 fE 2,
2.3 MCM E§#fl MCR 5 — M1t /R
231 A FEME: 56828 MCM B#HE Andrews 393847 Sephadex G—150 1 G-75
SV E, AHKRE MCM B4 BN 134 0002000, MCR B4 T B %
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33500+ 1500, 3 Laemmli (773" A SDS— 3 PA 48 B RS Be i s TA W F MCM £ &5 T
&% 67000 F 65000, MCR M1 BN T B 17 500 M55 A /DERA K (B 3).

%1 MA. mediterranei U2 it MCM B
Table 1 Purification of MCM from 4. mediterranei U32

* B BEH BEAH N . 14 i A1 W b5 M
Step Total Total Specific Proportion Activity Purification
protein activity activity of holomutase recovery (fold)
/mg /u /u-mg’ /(%) /(%)
Crude extract 1100 26.75 0.0243 100 100 1
DEAE-Cellulose 84 2247 0.2675 16.67 24 11
B,, coenzyme 1.25 16.05 12.84 100 60 528

sepharose / DEAE

—cellulose
%2 MA. mediterranei U32 85{t MCR &§
. Table 2 Purification of MCR from A. mediterranei U32
¥ W BERA BiEh &N 6 71 1= Hifb
Step Total Total Specific Activity Purification
protein activity activity recovery (fold)
/ mg /u /u-mg’ /(%)
Crude Extract 1069 25.66 0.024 100 1
DEAE-Cellulose 195 19.26 0.0988 75.1 4.1
Hydroxyapatite 140 14.98 1.070 58.4 4.6
Sephadex G—75 5.2 11.985 2.2048 46.7 96
. -
= — 5|- 43.0 =
T oo . E & E ! =
¢ i 3 ool 2.4 3
g 3 i E E
£ osb = 1.2 é .§ s .
; £ 2 -
: £ i -
e’: ook 06 2 Fga 12 a
o &
i T 0 0.6
i &H
20 10 B0 &0 100
# Tube No
4] 10 20 3¢ 40 50 60
1 MCRBHASERKOE LS B 5 Tube No.
Fig.1 MCR chromatography on hydroxyapatite - 2 MCR M€ Sephadex G—75 L OWHERI# 2%
The columa was ¢luted with linear gradient of so- Fig.2 MCR chromatography on sephadex G—75
dium phosphate (~——), Protein (1), Activity (2). Activity (1) Protein (2).
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B
x 10

1/ min

KI%tiE Ji Relative activity /(%)

Nt P
i 2 3 2 :

A 3 4i{t MCM 1l MCR B PAGE X%
SDS-PAGE Hli#

Fig.3 PAGE and SDS—-PAGE of pure MCM
and MCR

A: 1.Native MCM on PAGE: 10 20 3 v

{/min
2.Molecular mass standard:

3.MCM on SDS-PAGE. 4 MCM(A)H MCR(B)A$RY i
B: 1.MCR on SDS-PAGE: Fig.4 Stablities of MCM(A), MCR enzymes(B)
2.molecular mass standard. exposed toelevated temperature

232 FHAWE MCM BHSHES pl 4.2, B—MRMHEES R, XAWE4{t
MCM MR ERANSERHF (ERERR). MCR BHSH 5 pl K49% 5.6,

233 BEEXEEIE R o A RN T R HU B E 8 LS L, SR8 MCM
BH MCR B W RS R E R 35T,

234 pH XEEIE AR W pH3.0 B9 Gly-HC! 2 rh 8, pH4.0~ 5.0 N Z B—Z. M0 4
W, pH6.0. 7.0. 8.0 #) KH,PO,~NaOH £ s 1 pH9.0, 10.0 A9 Gly—NaOH 2 M
SRR AR R, EAR RN ER IS S, B3 MCM B MCR MR 535 Y pH
¥ 1.5,

235 MIRREREE: HEEINA pH7.0 M HE A B, AFEE S HHRE—E RHE,
BUMRHEHER T EMEMEE N SRNE 4, ACKBERERTEME A DK
MCM 8,25d RS BEEERR, ¥H5 W H 43d. MCR BRBTEHEAE.S0CHR
20min B§IE FHE—F., BTEMBE E S MCR BT 4CHE% 30d XHBEHRSE, HY
Joi R T T 2 T T B, 400 U AT 28.6% BIRETE 77,

236 EREFAMRMBESYNEEINEN. SEHERHEE FMAMIERHEHEKR
PEERATEMERE L. URNEMEETFEAINE, ZREUELE FKA
EDTA 435, MCM B§I5 R FEAZE, 585 MCM ML TIRER TR F AL FBIFTER
#F. {8 Smmol / L B9 Mg™ 7 LA#] & 33 MCM Ki, (58675 HiEE 2 f5. MCR B£&
EDTA #H GBS eER, BARELHENTHELFEERETNES Y, EDTA 48
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S 75 MCR B8 4T % 1L S 0p3M E H57 24h NaTLIRE MBI H (BB RBR). &R
MEMERE TP, “HHEF Co™, Cu™, Mp™", Mn™ Hl Fe?' 4 1] K [=) #2 JIF b {2
MCR 8§35, Pl Co et fE Al tE. AT A. mediterranei U32 MCR MhERE
FEEHEERE, 1128 Leadlay Mk, BUS B pH2.4 1 0.05mol / L Gly—-HCl
EH 24h 5, BHE 152 2R, A 0.5mmol / L Co®*, Mg® fl Mo th 3 FEEH 5 Ka1E,
B RF R RS54 EE FH pHT.0 8 0.05mol / L Tris—HCI 8 sk & 7 48h, BiE 1
XOI#KE 65%,. B MCR BT RERE FESRE, UEE pH24 " Z & HEA &
%,

237 MCM 851 MCR ERAE . R o 3 ASTE K &: X B A. mediterranei U32
B MCM BEE{LR Y . 7= (2R) P EP Bk CoA BB MEE ST 12.5ug / ml B
FRBELCR. M EETLE 30min WRFEREXLE, MCRE#LQS)-BER
TR CAAERBABEORR 3.5/ m UTHERHLXE, RN EAT
20min H{RFEPEXR:

24 MCM # MCR BRI R X #E
HEpELR

MCM B3 BB FKIZ&WE.
fE UV-250 W&, DR kB
R EE S, W R E (E 5). MCM

oat W00 400 w0 &m0 10 HiBR7E 280mm BIE M4, 7€ 260nm,
0.2} Afnm 400nm ~ 450nm 4k ¥ 77 B B 19 R i g,
, ! 7£ 340nm~ 360nm #1 500nm 4b L35 B
a0 400 o i ANEY IR W W, 3 F SCERL4, 12, 18, 191K
Ao BEILURF By, A AR A0 BEERAE

B 5 flifk MCM I #h~0] BL il W A%, RIE A mediterranei

(F REREKX 10 4) ' U32 9 MCM BB Aoy . 260 K2R 0.75,

Fig.5 Ulravioliet—visible spactrum of pure 260nm &b i) 72 R e (F BT B KR Y H S
MCM (0.4mg / ml). B, MBREFRA, KUK ENER

The insert shows region from 300nm to 700om ﬁ{l MCM ﬁ ':P ﬁ'ﬂ ’ ﬁ Ao . 260 jt?‘ljﬂ

at 16—fold expansion of the absorbance scale. 0.9%%, R #me g 7% & Bradford B

EEAR, HE 8 MCM B TE Ay5(1%, lom) K 15.25,

EASSRE Besp 5 8000mol - L - cm™ M0l £, % 8 650mol / L™ - em™ Ptg
MCM BB AR, 2 ERE Imol S S B 75 750g 1 61 728z B34, kU
MCM BT T F&K 67000 i 5, X—BEAAHLT 1 M MCM BEREES 1 T
B B, BB MCM B - RBE&ES TE S 148 B,,.

SE{kAT MCR BE{E UV-250 4} ¥ EBEH L A7 7H A0 WOBIH, kB MCR B
FAFIE A R o, MCR B A,0q. 0260 K2 1.17.

2.5 MCM BEWnnn X, &
1 Lineweaver—Burk MBI 1E AP R13 4. mediterranei U32 ) MCM B3 £
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BYHME CoA MEMK K HE B K, N 9.723umol / L(E 6).
FIH Lineweaver—Burk MBI B EE%ERE A. mediterranei U32 ) MCM K] %R6
By, MRBK K K, W 0.1277pmol / L(E 7).

Km 9.7232mol/ L

L ¥'m ¢.0e324mol - min~!

=
=]

] z
] £ 80k
7' N Am o277 amoi/L
g 60 3 Vm 0.u6252 moi/min
a2 E
= =
= ~ 40
0 =
/ 1 1 L i i / 'l ] 1
6 01 02 0.3 04 05 0 20 40 80
ST (emol™! L L) /[ST tgmol=t . L)
B 6 Lineweaver—Burk [k MCM K%t Bl 7 Lineweaver—Burk f} Pk MCM K%t
BRHIME CoA FWKKHH 8 B, MEMK LR
Fig.6 Lineweaver—Burk plot of the saturation kinetics Fig.7 Lineweaver—Burk plot of the saturation
of pure MCM with respect te succinyl—CoA kinetics of pure MCM with respect to coenzyme B,

3 itig

AP TRAMEE B, 68, A B P RERENHEBEE U RBESBE
BRSNS EHAUTHIOMAEN., TREREW, CIEEMmE MCM &5, AF
KH,PO,—~NaOH SM & RAE THIAI ZHAM Tris—HCl Zrh#. s THE B, ¥4
FERETR G 0K B B S A, TR 7E AR L 2 S B 2 TS IR AR R 1) Lo 0 & 5 R 5 i
SEt 4 A A, Hunaiti 208 BL7E AT A0 AL T B o, A — LA ORGSR B S HR IS, T
BARZAEASEMENE, FAREKZRRAER. BITHA 7 (NH),SO, {2
RIS RORFPE, ERAEZ AR 90% A EHY (NH,),S0, JLIE, i i 8N m
REBEEMNN16.7%. M EJLEM3E, B2 BiTARAER> LB Pk MCM K
BB KE. Xt A mediterranei U32 8 MCM BHERMIR AR S KRN
MCM M§7RAIf.

MCR B5&l4k i AaT AR M, 408 T 24k 18], FE2K48 TRIF MM TS k. 3%
MCR 8/ EERSE 6 I H A3 B A MCR BRI

A. mediterranei U32 § MCM MXTIR¥ I HIM CoA B K, IE T M E MCM &
19 34.5umol / L' EKF B9 62umol / LB, RAITEMEE 4. mediterranei U32 19
MCM BExHEYBEHIBE CoA MR FESHTENKARBI YN SREXE. EHME
MIFFLA P, MCM B A 1 0 F 43 7] 386 IR M 160 F 32 308k CoA, R F& #5000 18~
23, Wit A U, MCM R S (LSRR8, CoA 11 W 7R Bk CoA M1k,
4 MCM B§31 BEHIBE CoA MRS NINA — SR BAME L, KBS e it
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Jle ey I 2%

R THIE MCM REXTHIRE B, IERIKEHE, AU T REBEKEZ IR RHE
R, Kolhouse % 2#1 Ochoa 2% 4} B E BB A RS 80 ¥ FF ot MCM 285 E YIRS
B, BT A S 0.7mmol / L KCN # 0.5mol / I pH4.5 #) B BO#A sh 1142 45min
HAESEAOMKRSRAGTE BARESRT). AAHRKBA TSRS B, KL
B, Bl BRI EERE ARk, RONGETILRFIERRGREES SR 5K
KB A mediterranei U32 ) MCM B ENMEQSARLE. ERR%E. 2B
4THRB PR BB A FH 154 Ba) 13 DI B ERE, I A FH%E B, XL 100% K5 8§
i&.

A. mediterranei U32 BEERH Z R M S BEFHEE., XORRLAEH AR FERES
HFEERRY 2 BETFTOEATFRABAKRE FIESOER, XM 5TRERELINE+
SFEE,

8 £ x K
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PURIFICATION AND CHARACTERIZATION OF
METHYLMALONYL—-CoA MUTASE AND METHYLMALONYL—
CoA RACEMASE FROM A RIFAMYCIN SV-PRODUCING

AMYCOLATOPSIS MEDITERRANEI U32

Zhang Weiwen  Jiao Ruishen

(Department of Microbiology, Shanghai fnstitute af Plant Physiology, Academia Sinica, Shanghai 200032)

Abstract Early studies have shown that the polyketide chain of rifamycin is formed by con-
densation of eight propionate and two acetate units via malonyl-CoA and
methylmalony!—CoA, which could be generated by the isomerization of succinyl-CoA. Thus
methylmalonyl-CoA mutase (MCM) and methylmalonyl—CoA racemase (MCR), the two
key enzymes in the succinyl~CoA isomerization pathway, are important in rifamycin synthe-
sis. By osmotic lysis of protoplast of 4. mediterranei U32, MCM and MCR. were determined
as cytosolic enzymes. The MCM and MCR were purified as electrophoreticaly homogenous
enzymes from the crude extract with four steps of purification. The purified MCM showed a
typical Michaelis—Menten type substrate saturation pattern, with Km of 9.723umol / L and
0.1277umol / L for succinyl-CoA and B,, coenzyme, respectively. The molecular weight of
MCM was determined as 134 000 + 27000 by sephadex G—150 chromatography. SDS—-PAGE
showed the purified MCM was a heterodimer with molecular weight of 67 000 and 65 000.
Coenzyme B;, concentration was estimated as about 2 moles of coenzyme B,, per mole puri-
fied holoenzyme from absorption spectrum. The molecular weight of MCR was 33 500+
I 500 by sephadex G—75 chromatography measurement. SDS—PAGE showed that the
enzyme was a homodimer of 17 500. The activity of MCR was increased by Cu2*, Co?, Mg,
Mn®* and Fe®*. The properties of the purified MCM and MCR enzymes appear to be fairly
similar to those of previously obtained from other sources. X _

Key words A. mediterranei U32, Methyimalonyl-CoA mutase, Methylmalonyl-CoA
racemase, Purification, Characterization.
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