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Fig. 1. Pathway for the methoxylations of cephalosporin C by enzyme.
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5% cephamycin A4 TFE ZAELN AZE $8) Tryptic
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2] 0.1 M MOPS (3 N-[Morpholino] propanesulfonic acid) bufter
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Cephalosporin 7a-hydroxylase®] &4 ®H8-2 0.1 ml FeSO, -
TH,O (10 mM), 0.1 ml L-ascorbic acid (10 mM), 0.1 mi
sodium orketoglutarate (20 mM). 0.1 ml cephalosporin C (4400
ug/iml), 0.2 ml cell free extract, 0.4 mi MOPS buffer(0.1 M. pH
THE 7F8E F 1.0 miE 92 E AT} ¥RE-2 28°C. water
bath shaker (NBS G-76, USA)IA 230 rpmS 53— 213 A 7t
BPAA 208 7F ABFALL, acetic acid¥ 30 ul 17}shed @ A4RkS
& AT AEE A BElosxe, dhste FHd =

S AAR F AES HPLCR W Hac]

TENT DETEPIEE Ve

AAERS F acetic acidE 7hete] HHAlR) 5 g4 Helste]
Ao ALHS Jasco (UV-H75. PU-YS0, AS—%I) HPLC system

skl H-MAb Hide pBondapak C, (39X
300 mm, Wdtels) o5& 02 M NaH,PO, (pH 4.0). {;é— }
ZH0- 260 nm, FE5E 1.2 mi/min, TYHE 20 ul oAk

A3 Az 9s] A To-hydroxycephalosporin C¥=
Flash 40 S system& ©]-838te] FAE &3 3 Electrospray
jonization-Mass LC/MSD (Hewlett Packard 1100 series, USA)=
Abg-3le] Bxlgs 23359 Sourcet= ESL ion modet
positive. =& 40 psi. drying gas =5 350°C, drying gas®]
F42 10 mlfmin, fragmentorss 60 Vo] 2710z BEA53,
Proton NMR spectrum<- Bruker AMX 500 (500 mMz, 5Y)&
ol-g3ste] ZH3IATE. NMR &4 98 A&+ D09 5o 5
mm NMR tubeol| 4] &35} vlm 2435k}
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chemical Co)ZFE] | 71 1 pgel 7a-hydroxycep-halosporin
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WA 22 (30°C. 325 rpm, 0.5 vwm)olA] 40A17F wjokgt H@4 pe
oA E ARS8l gl 393k & 9F 200 ml MOPS buffer
0.1 M, pH 7465 78 T A5 SollA) mhfiste) oF 230
ml®) ZEANS ZASGt g dAlE 248 (40,000 ¢
30 min, 4°C)3te] A5 HMHDL activity 4,898 U, total protein
2970 mgyS Fsta] Ao ARE-stATt
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Ade FES @it F AFESFTE Cephalosporin C 7or
hydroxylase2] A A= DEAE-sephacel. Ammonium sulfate 37,
Sephadex G-75 gel filtration, Affigel blue chromatographys <
MH o7 ARg-ste] AgAlskiTho)
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DEAE-sephacel (Sigma Chemical Co)¥} Modified XAD-7-&
10% glutaraldehyde® %718k 4'C. 150 rpme.5t 2A]ZF aiytsh
% 0.IM phosphate buffer (pH 7.HEL -2:1-6] 4l #ale] gd3ts)
At Modified XAD-7v= 23 ¢2 XAD-7 (Rohm and Hass Co.)
o] 180 mi9] 1,2 diuminoellmm:o- Avksled 110°C. 150 rpmel A
8AIZE WhE-& gk B F5re) vlgl s Al st - od3sle] )
Z3FATH1). Eupergit C (Sigma chemcial Co.), CNBr activated
sepharose 4 B (Pharmacia Biotech.). Affigel blue (Bio-Rad Lab.)
+ 0.1 M phosphate buffer (pH 7.4)2 #5-3] |3t &£ Alg-a}
art.

A3} B4 AFEe Z2EABOZHE Sephadex G-757HA] &2
Ao g HAE EAMI50 U, 5.7 mg proteinyS 6°C, 15A]3F
ukshEA] gdsbe H o] Ak $ 0.5 M NaClE Al #3]o
AHgstsnt.

383 BAl) WS S g9 nABE &) 3 ml FeSO, -
TH,O (10 mM), 3 mi L-ascorbic acid (10 mM), 3 m/ sodium
o-ketoglutarate (20 mM), 3 ml cephalosporin C (22,000 ug/ml)
7123 18 ml MOPS buffer (0.1 M, pH 7.4) 5 F 30 mi®] Wt
S BN 100 mi2] baffle flasko] %31 water bath shaker (G-
76, USA)NA 28°C, 230 rppm©2 A HSA ZgtshdAA] 2087
SEEEE
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Cephalosporin 7a-hydroxylase AJ4F 94 55 Hd¥s}7] ¢
3t 5% cephamycin A4 WAT-E ATCC (America type
culture collection)ZF-E] FYste] ZELHS ARI F
cephalosporin 7orhydroxylase #H43-S vlnlsbqeh. S, clavudigerus
ATCC 27064+= S. lipmanii ATCC 273572.t} cephalosporin 7o~
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cephalosporin CE 7o-hydroxycephalosporin CZ A#sl= 4
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hydroxylase specific activityZ} 304}

Cephalosporin 7o-hydroxylase2| 22| & |

S. clavuligerus ATCC 270642 g M4 g 2T 200 mi
MOPS buffer (0.1 M, pH 7.4Y& 751 ultrasonicationol] 23]
AEE Fsta o] E AAIEES 200 ml ZHAY O T HE
HDLE “8AIg A7+ Table 29+ 2tk AAQ 5ihe 37 9%

Table 1. Comparison of cephalosporin 7a-hydroxylase in cephamycin
producing strains

Cephalosporin 7o+hydroxylase

Kor. J. Microbiol

A o o pandZ WFERGC.H purification fold= F 53.9,
#HE A =82 15%F 5% HDL 08 mgs IUTH HDL
o] HAEE SDS-PAGESIA] ©F 32,000010Tt. A A&l
th3 7+ ©AE SDS-PAGEZA = Fig, 29+ 2t}

Cephalosporin 7o-hydroxylase 183} 2| El MH

8 o] WO T HE ARE 400 mie] READL AMR-EA
74719] Sephadex G-7574A19) £ Pz FE AAE
cephalosporin 7o-hydroxylase (150 U, 6 mg proteinyS Z}2}2]
B7(5 g wenell g3kt & HDLY 475 Hrlebich 2 2
#} activated DEAE-sephaceloll 12383% HDLS| 971 555 U
Z 71 =4 YERY activated DEAE-sephacelS 1133} #712
2 A9ttt 39 Eupergit CollMe] weid FA-EL 4874,

Strains Specific activity Relative specific activity HDL 97h= 28.7 US UERIY T activated XAD-79)|A]2] il
. o -

_ (Ufmeg protein) o 4 FAHEE 100% YA HDL @7k 0 U vehgr
S)i?éuchg%z 1.80 100 (Table 3). ©] 2338} & 7ol 2J3]A] cephalosporin CZXFE] Y2t
S. lipmanii ATCC 3331 0.08 44 € HeUES HPLCE B4 4R, Ragol A fxlen

' z.p mam.l. ’ ' C,, reverse phase AH-S A8 Flash 40 AAAo I, 11
S. lipmanii ATCC 27357 0.06 33 29 B} 7Pssn)
S. lipmanii ATCC 43352 0.23 12.7
N. lactamdurans 0.11 6.1 Flash 40 system= O|&%} 7orhydroxycephalosporin C2| 2
ATCC 27382 ' %
2| A
13} vEE-S PR A3 oSt s AAE AA
3l °o]F 60°CollM U FF7IE F5SH & Flash 40 S (C,
reverse phase resin, 135 grams, 4.0X15.0 cm, Biotage Co., R
MW — MW 4wl 02 M NaH,PO, (pH 4.0), 6 mi/min H502 HAE
43.000 ke . y ,j ¢ 43,000 HPLCE -E‘@‘@' @jq-’ Xé—k”v)f-% 85%’ Xg%ﬂ—)‘_’_:\‘;—:_ 959 o]%}_o_
HDL -+ ; e S Y wisid <+ HDL
29.000 S iy BT 20,000 e . .
’ : L Table 3. Immobilization of HDL on different carriers
G 18.400 Protein  Expression Expression
18.400 e > Resins adsorption  activity ratio
(%) )] (%)
14300 W 14300 Activated XAD-7 100 0 0
CNBr activated sepharose 4B 100 0 0
A B ¢ D E I G Affi-gel blue 94.7 303 20.2
Fig. 2. SDS/PAGE fractions from different steps in the purification of Activated DEAE-sephacel 100 555 37.0
cephalosporin 7o-hydroxylase. A, G, Marker protein; B, Cell-free .
extract; C, DEAE-sephacel ion chromatography; D, Ammonium Euperglt.C' _ S 48.6 287 187
sulfate precipitate (25-65%); E, Sephadex G-75 gel filtation; F, Affi- *HDL activity before immobilization: 150 U
gel blue chromatography.
Table 2. Purification steps of cephalosporin 7o-hydroxylase from S. clavuligerus ATCC 27064
St Total activity Total protein Specific activity Purification Yield
° W) (mg) (U/mg) (fold) %)
Cell-free extract 4898.8 2970.4 1.7 1.0 100
DEAE-sephacel 1583.2 553.0 29 1.7 323
Ammonium sulfate (25-65%) 1250.0 245.0 5.1 3.1 25.5
Sephadex G-75 356.2 13.5 26.3 15.9 7.3
Affi-gel blue 71.2 1.6 89.0 53.9 1.5
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Fig. 3. Production of HCPC by immobilized HDL.
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Fig. 4. Separation of 7a-hydroxyycephalosporin C from reaction mixtures.

2 AAHASE UG 4 AUThFig. 4). 2ES SP207
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FAE E4E ESI-MassE o] &3l EArg B F
(Fig. 5). IM+HI", [M+Na|*9] glo] 2}z} 432, 4545 JERHRICH
mpaba] fa Ao R A BAHE 714R] cephalosporin C
(H21F 415) 25 E] G400l 98] hydroxyl?17F EYEe]
Aol 16 F7heh HH R HEEASo) A=At g YA F
£33} cephalosporin C& D,00 83§ § 30°Coll41 'H-NMR
(500 mMz. Bruker AMX)S o] 83}a] Bl chFig. 6).

Cephalosporin Ci= 2-H (3.29. 3.65 ppm), 6-H (5.1 ppm)2} 7-H
(5.6 ppm7} BHF = WY B 402 AHE-S 2H (329, 3.65
ppm), 6-H (5.1 ppm)= ZZXH'S]'GJ\X]”]' 7-H (‘36 ppm)i”‘ AlEk=
To-91%] 9] At e & S-S 301§
ESI-Mass9} 'H-NMR&| 232 477(45} LOH e o%ow 3x1
< 714%] cephalosporin C2RE] 7a-#1X]°) hydroxyl”|7} EO‘
gl o3& AAE 7arhydroxycephalosporin CH-8 <18t 4=

Fer=g

dAlel =2

o] A A ARl AasE F 71k 71 AR] A
0 981-34-05) 1Rlef ofsf e H Lo o] TRAL=gLI)
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Fig. 5. Electrospray ionization-Mass spectrum of purified 7o-hydroxycephalosporin C. (Positive ions mode, 40 psi, 350°C, 10 mi/min, 60 V).

tae Wi (o)
o L2

(A) (B)

Fig. 6. "H NMR spectrum of cephalosporin C and purified 7 o-hydroxycephalosporin C in D,O.
(A), Cephalosporin C; (B), 7a-hydroxycephalosporin C.
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ABSTRACT : Synthesis of 7a-Hydroxycephalosporin C by Immobilized Enzyme

Jeoung-Keun Kim*, Heui-il Kang, Young-Hoon Park', Yong-Jin Choi’, and Jong-Wook Lee
(Yuhan Research Institute, Kunpo 435-715, 'Korea Research Institute of Bioscience and Bio-
technology, P.O. Box 115, Tagjon 305-600, *Graduate school of Biotechnology, Korea Uni-

versity, Seoul 136-701, Korea)

The conversion of cephalosporin C to 7a-hydroxycephalosporin C was examined with the cell-free extract of
several cephamycin producing strains. Streptomyces clavuligerus ATCC 27064 was the most potent strain for
the activity of cephalosporin 7o~hydroxylase. Partiaily purified and immobilized cephalosporin 7o-hydrox-
ylase with resins were used to synthesize 7-hydroxycephalosporin C from the substrate, cephalosporin C.
The molecular weight of the product isolated from the reaction mixture were determined to be 431 by ESI-
Mass. '"H NMR also support the conversion of cephalosporin C to 7a-hydroxycephalosporin C by immo-

bilized enzyme.



