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Identification of the fungus capable of biotransforming N,
N-dimethyl-3-keto-3-(2-thienyl)-1-prapanamine
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Abstract: [Objective] To obtain a fungus capable of reducing N, N-dimethyl-3-keto-3-
(2-thienyl)-1-propanamine (DKTP) to (S)-DHTP, a key precursor to synthesize Duloxetine.
[Methods] Routine and an improved biotransformation method were used to screen fungus
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from soil, and the type of the fungus was identified by analysis of morphological characters
and DNA sequence of 26S rDNA. [Results] A fungus was obtained which was capable of
asymmetrically reduce DKTP to (S)-DHTP with high yield (more than 90%) and high enanti-
ometric excess (more than 99%), and the improved method was more convenient and efficient.
The identification showed that the fungus belong to the Genus of Rhodotorula Harrison, and
was named as Rhodotorula sp. 507. [Conclusion] The screened fungus could efficiently and
asymmetrically reduce DKTP to (S)-DHTP, which makes it possible to get enough precursor
for the synthesis of Duloxetine easily and economically.
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P A= 1 e Al 12 A 7 5 W Wy R (14 B2 9% D T ]
PRTFPERE, LI DKTP VR NHALIRY), ik m B
PRTRPR, 5 EE IS VU TT B B 1] 445 (S)-DHTP,
HEMOLALRE IR T AR AL T2, LAREh T
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1 MRS hE
1.1 ##

)0 SE AR FR 4 1 (g/L): Na,HPO, 0.20,
K,HPO, 0.10, NH,CI 0.04, MgCl, 0.04, % Z fi
1 mol/L 5§ DKTP 1 mol/L (i JERR )«

VIR G 7R3 2 (g/L): PRE 0.10, HifbEs
0.10, K,HPO,4 0.25, Na,HPO, 0.05, MgSO,7H,0
0.01, ZZH 1 mol/L (i JEFRH), #infirr 0.003,
PAREEER . KKER, JIERRE) 0.05,

IR 1 (g/L): AR 0.50, FRERHE
0.15, E%1}E 0.15, NaCl 0.50, #Z#F 1.00.

RRREFRIE 2 (o/L): BEREE 1, AR 2,
A 2, ZECMR 1 mol/L (EAhalid 35— mtal
A, 3FuERRTH), DKTP 1 mol/L (#EFheidssi—E
BHEINA, 2T DERRTE) o

AR T B3R 3L(YPD) (g/L): BERER 1, &
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Wk 2, #abE 2, 3R 2.
RURRAAEREFRIE(YPD): [ A Rh TR 53
FHEAL 2] DKTP #riES: . (R)-F1(S)-

DHTP #nifdh, ZRIMHRHEWH ARG RA A, 2R

S, EZERMbERFARA R, 2. &

A, ARG AL T A RAFL,

12 FHi%

121 :HERE: MR A M AR SRR, RE

i, $7F 12 2 cem-3 cm, B3 cm-10 cm )2

14810 g, A KEMF R AUE, 4 °C [R1F

1.2.2 EMIFEIE: (1) % CHR[1415EHE R 7k

HEAT R T AN 0 . WINPT 4 S, —

20 1 mol/L DKTP, %5 —4HJin 1 mol/L ZE Z. i . (2)

ACHE R T 3 s A0 7 s T YR e 3] 1 A A0

ERRIGFRAE 2 v SR R AR R R R A

5 2 W5 4ERE 12 h %M 0.5% &A1 1 mol/L

DKTP. (3) il M =8 AH (i (HPLC) A, (2

JE 454 OJH (5 um) 0.46 mmx 250 mm FP:{aiik

M, WishM I EC ke SR 2 1 (98:2:0.2,

VIVIV), Jii#h 0.5 mL/min, #9% KA 241 nm,

1.23 BEMEE: (1) KLEK H W EREZER T

T INPILTREFEHE |, 28 °C 1555 3-7d, IR WIEE,

B 16 pL VR RN, I W ROEE
(2) PCR ¥ 34 K75 43 #r: BULRAF 1) B Ak

5 pl, YPD Eigfidi, Wpy-lfi-5 il ikde i

DNA, Ef5%°0 NL1 (5'-GCATATCAATAAGC

GGAGGAAAAG-3)# NL4 (5-GGTCCGTGTTT

CAAGACGG-3'), PCR ¥ #{A &: ddH,O 35.5 pL,

10xPCR buffer 5 uL, 2.5 mmol/L dNTPs 3.5 puL,
20 mmol/L MgCl,3 pL, 514745 1 uL, 2 U/uL Taq

fi 0.5 L, B5.0IR2)PCR WA 95 °C 1 min;
94 °C 1 min, 45 °C-55 °C 1 min, 72 °C 1.5 min, 36
AMIEFR; 72 °C 8 min; 4 °C £77 . 1.5%ZU S HHEEIL
K PCR 724, Bio-Rad $EI L1454t W41

M, [GRFI &4tk PCR 724, %45 pMD18-T
AR I, HALBSZA E. coli DH5a 15 £, B
TivE, AR R, A TAY) TAEA R .

2 HZFR5SH

2.1 %1k DKTP F£RK(S)-DHTP B#kEIIfHIE
211 TEELER: i1 mol/L DKTP Ay— 41410
ARG FRIE EARARARMI B, AR,
2.1.2 MEMNEER: WU 12 h i, R
AW 24 hisy, BORRBEMRA HALOR, Hrb—
PRI LR R AR S, wEOEH, H(S)-H, —
PR (S,R)-HIbk, HARYI TGN, Ty MR
(R)-T&I 4

HE 1 Al AL bRdER(R)-DHTP i K27
14.645 min &b, (S)-DHTP HI§& K2 7F 16.866 min
b o HE 2 a1, (R)-DHTP H 6K 20 7E 12.349 min
b, (S)-DHTP g K ZI7E 16.452 min 4k, WAL
FEBERT AL, 32(S)- M KER 73 Ik DKTP §%4k
BT B8P 1(S)-DHTP, #54k383k3) 90%, e.e.ff
KT 99%, FHAUBCERIAT o R IR (S)- ARAE
SR AR ARSI
22 WMERE
221 BHRPFUERESFETEER: MM
YPD #ifkEgREE AR 3 d BRBR(E 3), 4t
BRIRE, &K 6 um—9 um, & 3 um—5 pm, HZEA:
B o SR b R [ B LD R S
LIRS IR RAT S EERE R IE A, WY O
grfh, DETERTRNE, FECFHOEHE, %
3. EAREAR E3E3E 7 d B, L3 EIess gl i,
APRAL(E 4) o ML L3RI HE, R AT
At )& T 41 % £ JE (Rhodotorula Harrison).,
2.2.2 26S rDNAD1/D2 X1 PCR 4/ $# 45 R: fit
TR 26S rDNA LY 38455 s H DNA Fr
Bt K/ 600 bp Z2 45 (# 5).
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Fig. 2 HPLC chromatograms of the conversion prod-
uct of isolated strain (R)-DHTP and (S)-DHTP

3 X EMRBEARRTS
Fig. 3 The cell morphology of the isolated strain
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4 HINERBEEES
Fig. 4 The colonial morphology of the isolated strain
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B 5 {HiXE#k 26S rDNA D,/D, X g E E i 1724
Fig. 5 The PCR results of 26S rDNA D1/D2 region of
the isolated strain

T 1-4: Bkk 26S rDNA 3734 F B 5: DL2000 marker.

Note: 1-4: PCR products of 26S rDNA,; 5: DL2000 marker.

2.2.3 i E 4k 26S rDNA FFIHHLER: Gen-
Bank 7E£k BLAST tbx} s (I 6), HHE#E 26S
rDNA D1/D2 X 1§ ¥ %] 5 Rhodotorula sp.
CBS10104 J¥FI[RIIEMEIRE] 99%, REHILM
7 I TR PR 5 T R A D i ) Y R e ARG
(B 7), BEMHARE IS RE, 7L E X
W R R TLL R

3 it
3.1 IRk R

Bt 1 Ty 2%k - e i B A AR G LY
YR o FEAID RO IR A e s O B R 220K F L
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B, LR R 20 AR R, FIHE
FURERETR AL, RAS AT T BA AR ) 4L
O (S)-Ftk, BAZEME, WALRRNRER, A
MR TR, A 22K AR R 2 24T TTE
s R R P R I AU R AR AL, B R
RE M8 10 4 TR 2R, o IR 21 R A% FR i 78 22 &
HE, X ANECHE R R, SRR TR LA S,
RKBE R TR

W7 & B, LA 1 mol/L DKTP {EME—Rx IR Y
— ARG SR R K, ML 1 mol/L %
CHAVEME—RRUS Y 5 — W T R kR, REAT
I DKTP X A W A A B iR B B R A
A, X5 Banerjee fitii—#M. K, A#F5TE
$55 DKTP A [RIREER L L5 A6 A A T A 4] i 1o 7
H R A — R R

Query 1
CBS 10104 631
Query 61
CBS 10104 571
Query 121
CBS 10104 511
Query 181
CBS 10104 451
Query 241
CBS 10104 391
Query 301
CBS 10104 331 A
Query 361
CBS 10104 271
Query 421
CBS 10104 211
Query 481
CBS 10104 151 ¢
Query 541
CBS 10104 91
Query 601 CCGCTTATTGATATGC 616
CBS 10104 31 16

32 (S)-EHHIEE

H R T A & Tl P Ak sl il 125 040 4
A EAT B T A A I W) AR )
HRIEENED, AR FRAE A Jir 55 W A B 1) il
FILTAR WA

AR S i 38 3] 14 (S) - TR AR BE A5 A X FR i AL ik
J& DKTP FZIE M (S)-DHTP, ¥4 IE i
(R)-DHTP, A fbAE I B B B (S)-1H, H71 i
AR HIIARR SR —FE SR, RS
H:(S)- ), 27 HE(S)-Hf . 4B IE AL
1 26S rDNA JF53HT, i LR 1Y
—7Fh, A4 ML EE Rhodotorula sp. 507, %
4 e Ak /BT W, Rhodotorula sp. 507 541 E#EEg
W41 HF (Rhodotorula mucilaginosa) Uk 21 %
B} (Rhodotorula glutinis)sE4 X &Kk,

GGTCCGTGTTTCAAGACGGGTCGTTTAAAGCCATTCCACCAGCATCCTAAGCGTGAAAGG 60

572

ACCGAAGCCCTCGCCATACGGCACGCTGCGTTCCTCAGTCCCCCAGGACGTATCCAGCAG 120

512

AAAGCTATAACACAGCCGAGACTGCTACATTCTAACTGCCATTATCCGCCCCGGAAAACT 180

T A 452

GATGCTGGCCTGCAAACCGAGCAAGCCCGGCAAGCAAGTCTGACTTCAAGCGTTTCCCTT 240

392

CCAACAATTTCACGTACTTTTAACTCTCTTTCCAAAGTGCTTTTCATCTTTCCCTCACGG 300

332

TACTTGTTCGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATGGAATTTACCACCCAAT 360

272

TTGAGCTGCATTCCCAAACAACTCGACTCGTCGAAAGTGTATCACAAAGCGCTGGGCGTC 420

212

CGCACCGTGTAATGGGGTATCACCACTATGCCGCTGTATTCCAACAGACTTGTGTGCGGT 480

152

CCAACGCGGAAAACACTTTTAGAGATTACAACTCGGACACCGAAGGTGCCAGATTACAAA 540

G 92

TTTGAGCTCTTCCCGCTTCGCTCGCCGCTACTAGGGGAATCCTTGTTAGTTTCTTTTCCT 600

C 32

Bl 6 {HiXE 4k 26S rDNA F515 Rhodotorula sp. CBS 10104 KIFF51 L 3F
Fig. 6 Gene sequences blast between 26S rDNA of the isolated strain and Rhodotorula sp. CBS 10104

http://journals.im.ac.cn/wswxtbcn



216 wiHhgaAR 2012, Vol.39, No.2

Rhodotorula mucilaginosa (EU285542)
Rhodotorula mucilaginosa (AF335987)
Rhodotorula mucilaginosa (EU285532)
Rhodotorula mucilaginosa (AF189955)
Rhodotorula mucilaginosa (EF063138)
Rhodotorula mucilaginosa (AF444738)
Rhodotorula mucilaginosa (AF514862)
Rhodotorula sp. (AB026010)

Rhodotorula mucilaginosa (AF189961)
Rhodotorula mucilaginosa (AF189960)
Rhodotorula mucilaginosa (AF189958)
Rhodotorula mucilaginosa (AF189957)
Rhodotorula mucilaginosa (AF189956)
Rhodotorula mucilaginosa (AF189954)
Rhodotorula mucilaginosa (AF189953)
Rhodotorula mucilaginosa (AF189952)
Rhodotorula mucilaginosa (AF189951)
Rhodotorula mucilaginosa (AF514860)
Rhodotorula mucilaginosa (AF444755)
Rhodotorula mucilaginosa (AF444750)
Rhodotorula mucilaginosa (AB443873)
Rhodotorula mucilaginosa (EU285541)
Rhodotorula mucilaginosa (EU285499)

F Rhodotorula mucilaginos (AY296051)

Rhodotorula mucilaginosa (EU177578)
Rhodotorula mucilaginosa (EU177573)
Rhodotorula mucilaginosa (AY941089)
Rhodotorula mucilaginosa (EU380240)
Rhodotorula mucilaginosa (EU159271)
Rhodotorula mucilaginosa (DQ778627)
Rhodotorula mucilaginosa (AF335786)
Rhodotorula mucilaginosa (FN667997)
Rhodotorula mucilaginosa (DQ832198)
E Rhodotorula mucilaginosa (AB038074)
Rhodotorula sp. (AB026006)
—® Rhodotorula glutinis (AM160642)
I Rhodotorula graminis (AM160643)
Rhodotorula graminis (DQ377681)

® Rhodotorula graminis (AJ749833)
Rhodotorula graminis (EU19449)
Rhodotorula glutinis (EU196642)
Rhodotorula glutinis (DQ531948)
Rhodotorula glutinis (AY646097)
Rhodotorula glutinis (AF070430)

. Rhodotorula graminis (AF070431)

s Rhodotorula glutinis (AM748550)

Rhodotorula glutinis (AM748544)
Rhodotorula sp. (AF444733)

* | Rhodotorula sp. (AF189932)
Rhodotorula glutinis (AF335985)

Rhodotorula araucanae (AF070427)

E k113444 4
Rhodotorula sp. (AJ876779)

B 7 #iXEK 26S rDNA Fr) 5 B £ H fth 7 & 18] A9 R et L vt
Fig. 7 Phylogenetic tree drawn from 26S rDNA of the isolated strain and other yeasts
e APEAAME R G R, KT SI25 58 0.75; $55 44 GenBank %5, € HLAFE .
Note: This tree was produced using BLAST pairwise alignments on line. The method was Neighbor Joining, Max Seq. Difference

was 0.75, and the number in brackets was the accession number of each strain. The strain which mark “4” was the isolated one.
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Rhodotorula sp. 507 A fb A 4 5 222 (S)-
fitg, X SR R BE AR
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A7 (S)- AR 20

BT & B AYLLEER: Rhodotorula sp. 507 2
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VG T 56 H H [A) iR (S)-DHTP B /% B 3, i
(S)-DHTP Hy& MLEAT e e AL A TR - 4 X LA
4li (k2 >95%, e.e.>99%) ., J5 LA 70Ks LAt g 3t
filt, BOITUACK TR LA R T2, fii
IR W P A 3 A 7 BE U VO VT I AR SR AR 15 28 35
AIAT, NI R FHARAE TR YT
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