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ABSTRACT

Trigonopsis variabilis is a strong producer of D-amino acid oxidase that can transform cephalosporin
C (ceph C) to e-keto-adipyl-7-aminocephalosporanic acid (AKA-7ACA). Polymerase chain reaction
(PCR) was applied to isolate the D-AAQ gene from 7. variebilis. To clone the PCR fragment, four dif-
ferent methods were examined using enzymatic reactions of Taq DNA polymerase, Klenow, T4 DNA
polymerase I, Alkaline phosphatase Calf Intestinal, and T4 kinase. Ligation of phosphorylated blunt-
end PCR fragment and dephosphorylated blunt-end of pUC18 plasmid yielded the best cloning efficien-
cy. One of recombinant E. coli transformants showed D-AAQ activity against ceph C in both cell ex-
tracts and permeabilized cells.

A 2 ceph C A3k uh-g-o] AAE<l hydrogen peroxide

of  9ste] H|FAHFZ0Z  glutaryl-7-amino-

Trigonopsis variabiliso] ¢}= D-amino acid oxi- cephalosporanic acid (GL-7ACA) 2 &=t} (2).
dase (E.C.1.4.3.3)= dje}eted A A 9l cephalos D-amino acid oxidase (D-AAQ)= 3, E7], H
porin C (ceph C)Z aketo-adipyl-7-amino- 2], AFEFES] b ARAE T thek T8 Fo]g)
cephalosporanic acid (AKA-7ACA)Z Awgsl= ©1}(3), ceph C ARFE A= T. variabilis,
AdHog 203 Fiolf(l). AKA-TACAE Fusarium  solani(4), Rhodotorula  gracilis(5),
Rhodotorula toruloides(6) 52 z#Fo] o]&51
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Zaale) Wl o 2 D-AAQ &4 ErF-
Agro 24 oA Ao] £& D-AAO 24
e £H3e FYHo R o wletsic) £ o
L ceph C 7)"o] tgt D-AAQ 529 A4
D-AAO &49] BAF2E AFal7)e U4 &
29l T wvarighilis®] D-AAOQ $HAE 2254
E. coli| A 4&g A3§ Rusnz g

oft H 2L & Wt lr o

AR 2

ABAF 2} Plasmid
Trigonopsis  variabilis(tKCTC 7263, ATCC

10679) & g=3erled FAFeSdToe FA7

2ol A Fdshsdct. T. variabilis yeast extract
10g/¢ ; malt extract 15g/¢ ; D-methionine 2g/¢
5 AH8stod 30°ColA wiekaldct. At R e
0]8-g+ plasmid= pUC183%} pUC19E +}-8-3k4dc}.

T. variabilis®| Chromosomal DNA 3|
Erlenmeyer flask(500ml) ol 4] 4d7b wiekgt T.
variabilis 8ok} 100mlE YAIE2)3le] Yoon ¢

(10) & w3t}

PCR gi2xHA

Primere T. variabilis CBS 40952 D-AAO
Ak wled (11)€ Z3sted hair-pin loop7} WAy}
2| ote 2 A1} 5-ATGGCTAAAATCGTTGTT-3
(primer 1)} 5-CTAAAGGTTTGGACGAGT-3
(primer 2) & &=AF(HA) ol F-F38hod 22+ 1M
Abgstedct. PCR 82z 7A& Sambrook 5 (12)
o] whe wzrom ThermolJet (EquiBio, Bel-
gium) 7]|7]& AF&3}o] pre-cycle 2min, 94°C ol 4
Imin, 55Co}4 1min, 72°Co4] 1min, post-cycle
4mine & 35 cycle $83}9c}.
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D-AAQ &AAE Eo 9= X E coliE
500ml Erlenmeyer flaskol| 4} }&uF wjoksto] OD
(600nm) ¢F 1.0°] =H9l& o lactose 1% 5 7}

gtod 12412 O wfeksigict. o] 45
o 33ty BFFHTE AHT o
434 (50mM, pH7) ol "EbA]Z] &

glass bead & 24 B3I Y3 —70CAA 147
UEstgod. JEE XEX mini-bead beater
(Biospec products, USA)E AF2-3le] 5000rpm.o.
2 38 AxES gafsieint. Axol gad e
5 dAEeste] ASds AEFEdo R ALE3]

sict.
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e
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D-AAQC 48N &Y

AxZ=%2d 5004 & ceph C (10mM) 2ml &oF
g3tz UV/VIS spectrophotometer (Hitachi
U-2000, Japan) & o]-&3}of ceph Co A=z vk
A} AAdse HO.o S 240nmoll A4 3600
sec 5k S W27 pH 7oA 20T
olglon] AZaFode] Sof A S ceph C
(10mM) 8908 EEARE AHEaHc

HPLC ®4& gt A5& AZFEFE oA
permeabilized E. coliE ceph C2} ¥l-3-3to] x5}
gk, Wz F. colis 345t toluene 5% 7} &

ol ethanol 10% $Hed 25T+ 1087
permeabilization 2|7l & =wEFF QlAbshEgo
(pH 8)eo2 5 ¥ AAstedc). AHE F5
10mM ceph C& #7132  Erlenmeyer flask
(500ml) & o]&3te] 30°ColA 1A17F ub3-A|Zic.
Hl2 ol (0.5mlE methanol 0.5ml¢} £33ty A&
A2 (Microl7R, gl eritkgd) oA
12000rpmel| 4 1027 AEeist &, A5de
membrane filter(0.25:m)Z  ojz}sley HPLC
(Tosch Model 8010, Japan)Z #Asleict. HPLC
o] z=HAe Cl8 column (Tosch ODS80-TM,
Japan), flow rate 1.0ml/min, UV 254nm& A}-4-3}
1 mobile phase:= 50mM phosphate buffer (pH
el £33k 3% methanol £ 21835,
HPLC #4& 33t Z5A]59) ceph Ce} 7-ACA
= ALAZY 1% BMHEE SA4T HaF)
7} AZstelony, GL-TACAE Chen §2J(13) 1
e zhyste] glutaric acid (Aldrich)e} 7-ACA
5 AHEEte] B AgA A A Zzste] A3t

FERIE

PCRoj| 2|8t D-AAO RHAle| EZ
T. variabilis CBS 40959 D-AAOQ §AAH11)+=



266

Fig. 1. Fig. I. PCR fragment encoding D-amino
acid oxidase from T. variabilis.
Lane L:A-HindIll DNA marker, lane 2:
DNA Sng, lane 3: DNA 10ng, lane 4 DNA
15 ng, lane 5:no DNA (control).

1071bp o] ™ computer software (DNASIS, Hi-
tachi, Japan)Z o|&ako] w3 A<l unique sitesE
Z2HgE A3 EcoRI Huhi-9]71 245bpey olole o
pUC182] polycloning ¥$je]l <= BamHI,
HindIIl, Kpnl &2 ola4-9)& gladeh. of £}
9] e & 2o wodg F}ake] oligonucleo-
tidesE AAste] PCRuE&-S Adigt 23 Fig. 1ol
29} 7to) BT ok lkbpe] PCR whdo] thel Wi
2 &0k Higuchi 59 (14) ZAbe st
DNA template ko] 8~300ng HS ey &=
5= PCR a9l k& PCR uk§o] 28cycle o]4t
o o Z zlolz}t A egith. £ AFeldE T
vartabilis®] chromosomal DNA2kS 5~ 15ng(Fig.
19] lanes 2, 3, 4)o. 2 =45 PCR ¥k3-g 35
cycle #g ol pehbs WEY) HEE woE A
o7} gigich. o] PCR &g D-AAO $37-2 7
Aak1 pUCLSE vectorol| ZFE4YSE Alx3kdrt.
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Table 1. Cloning efficiency of PCR fragment into
pUCI18 plasmid (each method was de-
scribed in text).

Method 1 | Method 2 | Method 3 { Method 4

Colony numbers 48 72 36 22
Cloning numbers

0 0 0 2
of PCR fragment

PCR chite] 224

PCR ctt#e Taq DNA polymerase2] non-
templated terminal deoxynucleotide transferase
Aol oJs}e] 3 wde) single A overhangg 7}
A A =e] blunt-end ligationo] %] ¢it}. o] &
A5 i Ast7] $i5te] o2 AP Ael e Taq poly-
meraseZ blunt-end vector®) single thymidine$-
o)7L} (15), single stranded phage vectorg o]
£3}7|% 3ldov(16), plasmid vectorel]l Hphl,
Mboll, Xeml % single base 3’ T-extension2 #7]
= AggAE polycloning sitesel] 4qlgtel PCR
vectors ZfRE7Ie shedch(17, 18). Abl&-9
PCR vector (TA Cloning™ system, Invitrogen,
USA:; pGEM-T vector system, Promega, USA)
L ozbEg He A shde] wlshm AHE RS}
Agte o] gle o] et B =Follde AY
Aol 4] gho] AMgStE EA4E o|-435te] AAA W
o @ PCR w#g plasmid vectorel] S243l=
A& edsbqich. A Wil pUCL8 vectorE
Smale 2 Arislod blunt end2 =53 Taq DNA
polymerase & vector 2] 3’ Twhol single deoxy-
thymidine (dT)& €9 & 553 PCR d#H&
I ligationdt et (method 1), o] vhe dTE
2ql vectord Z=1 AA7 oziHem, lgation
3} plasmidE E. colid] 37 x13k8le] agar plateol]
Tatgk 23} 48 colony?} viebstont PCR o]
F298 Qe wHdg = olodck(Table 1), LA
PCR ©t#E Klenow polymerase® blunt end&
al= o} blunt end® pUCI8 plasmidel] ligation
g 73}, agar plateAtel @2 colony7} A& =7
st PCR whalo] Soizt 7le ¥7ishd Eajact
(method 2). we}A| plasmide] 2 7ZgE 8H=|3]7)
9%} blunt end% pUC18% CIP (Alkaline phos-
phatase Calf Intestinal) 2 #|g]sle] 5 HES
dephosphorylation A]7]2 #J2]8t#] ¢ PCR
He 2|2 ligation shgdovt ] 2l A
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Fig. 2. Agarose gel electrophoresis patterns of di-
gestion of pUCI8 and recombinant plas-
mid. Lane 1: AHindIIl DNA marker, lane
2: pUCI18 digested with Smal, lane 3: undi-
gested pUCI1S§, lane 4: recombinant plas-
mid digested with HindIl, lane S: recombi-
nant plasmid digested with EcoRI, lane 6:
recombinant plasmid digested with EcoRI
and HindlIII.

3lodth (method 3). ohx]et 8yl PCR oiae] 3
kel dAE dANTP Za§3te] T4 DNA polymer-
ase |2 A #s}lo blunt end& == o}l thA] T4
DNA kinaseZ phosphorylation g+ 3 A& k]
of| 4] ZH|g pUC183} ligation&keirh(method 4)
A Wl e F2Y 5 F 719 plasmid§ %
735t DNAE A3 % EcoRI #|g g4 2 Aok
#to] D-AAQ FAzE Zolabadnt.

D-AAQ S&Xle| &lol

PCR wt#o] 2245 #alsly] ¢zt pUCI8 S
Smal 4% dwslo] linear plasmidg =HE-9ich
(Fig. 2¢] lane 2). Method 40f|4] o3& 27]2] plas-
mid DNA= Smal 2¢7} ¢lejxle 22 Hindlll&
Ae}slo] linear plasmidE w59t} (Fig. 29 lane
4). o]59 @7]E vlwgk Ax pUCL8 vectordl] ok
lkbpe] PCR ©do] Eoi7t 7& e 4 99l
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EcoRI

D-AAO gene | —————» Smal .
EcoRI Hindll!

EcoRI / \ EcoRl
EcoRI g HindIll

(>}

Fragmen( Oi
Insertion Bam!1 and Kpnl Insertion

Fig. 3. Schematic diagram of pTD19 construction.
Restriction sites in plasmid are placed in
polycloning sites and ‘P indicates promot-
er site.

T. variabilis CBS40952] D-AAQO $4

[ Q2159171 245bpof| A shubek glgde
%3¢k PCR o] o9} #413k DNA HHOJ

2 g)ew] pUCL8 promoter Y7o A= =

=

=13
2

&

s
coR

ol\j D‘J

2
kot
o

J

o:
=2 77:
o}7}d EcoRlo g Aghah of Fig. 3o+ 50|
250bpe} 3.5kbpe] DNA whio] viehfof 3hc), 2
gt SHE7E Sk Soj7bd EcoRle® dokad
u <F 830bpe} 2.9kbpe] DNA thHe] 7).
Method 4elA 73&3 279 pasmldt Fig. 22
lane 594 H5o] D-AAQ &#xl7} w5 oo @
ottt o] A3E ZH%“’JEV] $iatel plasmid&
EcoRIe 2 AHubgt % c}#] Hindlll2 Hkgh A3},
ek 250bp, 830bp, 2.65kbpe] DNA whdo] vjeh}
A (Fig. 2¢] lane 6) <53 Zzto} d3|stgong
D-AAQ 327} 9o & Sozh3-4 Azkalslgirt.
do g o7k D-AAO #HAE vectord promo

)
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Fig 4. Digestion of recombinant plasmids with
EcoRI Lane 1: AHindlll DNA marker.
Lanes 2, 4, 5, 6, and 8 indicate pTDI9
plasmids and lanes 3, 7, and 9 religated

pUC19 plasmids.
0.7
ABS Nw/“’“/.k/‘w*f"""‘ N
(240nm) NWJJJJM
00 T T T
0 1000 2000 3000

Time(sec)

Fig. 5. Time scanning of reaction mixture con-
taining ceph C and cell extract of recombi-
nant E. coli Reaction mixture (3ml) was
placed in a spectrophotometer and the
absorbance was measured in room temper-
ature (20°C) at 240nm.

ter Y Xof] v}Z 7] ¢Y3ted pUCI8 polycloning
sitesel] ¢)= BamHIz} Kpnle & Hcrsled pUCIS
7} polycloning sites7} Aubglg FA® pUCLY
vectorol] 22 Wslodck. L coli (JM101)o] #HAAH
#5}lo] agar plate Abell vlebd 8712 colonyell 4
plasmid DNAE #%8}o] EcoRle 2 #Hxhdh Ax
5717F D-AAO 47t 229% 7io] Falsgict
(Fig. 49 lanes 2, 4, 5, 6, 8). °] plasmid&
pTD192} Wsts D-AAO Halg A|Hsqlnt.

D-AAO 4 £X
Ceph C7} D-AAO &2l ojshe] Aghem ul
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Fig. 6. HPLC chromatograms of reaction mixture
containing ceph C and permeabilized re-
combinant E. coli. (A) standard solutions of
GL-7ACA (2mM; peak 6) and ceph C
(10mM; peak 13). (B) bioconversion prod-
ucts of ceph C: initial ceph C concentra-
tion was 10mM. peak 4 indicates GL-
TACA, peak S HO3 and peak 13 ceph C.

< BAZ22 H.0, AKA-7TACA, GL-7ACA7}
A G, D-AAO 49 Wa o5 AFsr] 9
ko] HEZFEEEL ceph C (10mM) &3} E3h3}
I spectrophotometer® o]&3te] 20°Cl4 H,0,
o w4 Hzg FAssA. Fig. 5ol ERo
240nmell 4 1A]7F Fob wkS-ATE ZAlgr A
0D gFo] Hz9 0.206004] 0.6497}7] Z7}3hed A
ceph C2] Auighol| <3+ H.0,9] #A& ¥
alojek. A 23 E. colid 48] D-AAO 349 &4
£ &alslr] $18led permeabilization g+ A=
E. coliZ ceph C (10 mM) &3} 30°CAA 1417
Hb3-A17] & 2 A3E HPLCE EAstolch 25
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Table 2. Match percentages of maximum homol-
ogy sequences of various D-AAO genes:
Data were obtained from GenBank and
EMBL and analyzed using DNASIS soft-
ware (Hitachi, Japan).

T.varabiis | F.solani | Human | Rabbit | Mouse
T. varubilis 100 52.5 475 44.1 425
F. solani 52.5 100 440 447 415
Human 475 440 100 73.2 708
Rabbit 441 447 73.2 100 70.1
Mouse 425 415 708 70.1 100
Pig 46.5 455 84.4 725 708

Alg9] GL-TACA (4 mM)&} ceph C (20 mM) &
1:1(v/v) &%3s}of HPLCE ®Ag 7Z3} Fig. 6
(A)¢} #ro] ceph Cx= peak 1394, GL-7TACA=
peak 6ol A Z+7t veyit}. Ceph C Awzke] wh3-
APEL BFA)RY retention timed B dted 7+
A2 peaks ZTARE 73}, Fig. 6 (B)9} 2o]
ceph C (peak 13)¢] 57} 33 7tisodon
GL-7ACA (peak 4)8} H,0, (peak 5)7} A4 5=
AL #alstget. AKA-TACAE ZFA|87} ¢lo]
A #elsh) Behelort peak 99 Aoletm 42+
9. D-AAD E4BA0] vehix wg Agels
GAL promoter7} 8l= FE. coli/S. cerevisiae shuttle
vector ¢l YEp-352%& Ap&sledar skgj ot pUCLY
promoterZ4] £&3] D-AAQ 49 wdg &%
g 4 sl

2 Ao AAE 3As] HH T varighilis D-
AAOQE E. colioll 4] ¥4 (inclusion body) & A
3 g e A, $259 D-AAO +4
ket 22l intron wido| e ZleoE Azt
T. variabilis D-AAQ #7172} GenBanky} EMBL
5 T 28 59 o2 D-AAO 249
AZE B A7 AAR e zZ2od
(DNASIS, Hitachi, Japan)°o 2 3o} Hgjo),
2 73} Table 2049} o] T. wariabilis D-AAO
= F. solani D-AAO §H=Ate} §AfAjo] E9ton
T. varighilis D-AAO%} 5559 D-AAOE 4K
o] 50% o|3t&2 oith. 2} TEE9 D-AAO
FAHAE AbolollE® Aol 70% o|ite s v|uH
=& £Folqr}. R. gracilis®] D-AAQ%} pig D-
AAO 549 RS HE fAME 7R B
geh(19), AEA E5q watd D-AAO &

AR fAdel Zrkske Ag zesw T
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variabilis D-AAQE 2& £5¢9 a2 R. gracilis
D-AAO AR} 244 o] w2 Z8& 7102 oAt
"t R gracilis® D-AAO%} T. wariabilis D-
AAO+= AE YellA 25 dimerZ &5 2 &
40 FEateke R, gracilis® D-AAO7F ¢ 37000
(20), T. variabilis D-AAO7} 2F 43000(21) 0]
alanine¢|u} valine Foll tj3k 7]3 EojAe A=
oA Jehduh(22). B 7Y AF Axe) g
&9 ceph Co 7] 4¥3 €5 = R. gracilis®] D
-AAO7} T. variabilis D-AAQ Xt} oF 24 AR
woreh(23). R. gracilis D-AAQ9] §-A-a}7} uké]#
T &40 ofv]Ab vled o] homology sequence
ZAbsto T. variabilis D-AAQ2] ZAJH9E o
AR G5 5 2oz} 7|

AEHoZ & dFdd 243 D-AA0 24
g olgatH AA Al D-AAO £49 o
E2, cloned gene?] random mutation
£ frEstod ceph Coll gk 24 9 uks-3h
od kAol Z7kd AZE D-AAOQ 4
|

[ my e2

Trigonopsis  variabilis«=  welgtel gl ol
cephalosporin  C(ceph C)& g-keto-adipyl-7-
aminocephalosporanic acid(AKA-7TACA)Z A4
3l 7438 D-amino acid oxidase §48 7+1
ol E od7= o] D-AAQ 549 $HAE 5
3t7] 938}t polymerase chain reaction(PCR)$-
AHgskolct. PCR whHs 283171 $lglod Taqg
DNA polymerase, Klenow, T4 DNA polymerase I,
Alkaline phosphatase Calf Intestinal?} T4 kinase
o B28HeE olfete] 471A9) g Aee 3
3}, blunt-end & PCR fragment & phosphory-
lation3}32 blunt-end 2} pUC18 plasmid & dephos.
phorylation & & ligation &+ 7lo] 713 22 22
d 28¢ 2ok Ceph Coll gt D-AAQ 3429
gMae Az E ocolid] AZTFEH3 permea-
bilized cellsell /| =5 gl& & gleic}.

F A
o] ¥ 19949 gFaeEzEANet 2AFF

2A 9] dul AAg wop7le] ofdl Ay
Y,
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