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Isolation and characterization of a fungus for bufalin transformation
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Abstract: [Background] Microbial transformation is an important means for structural modification of
natural products, featured with fast reaction, high selectivity, easy-controlled conditions and little pollution.
Many microorganisms have been isolated for transformation of bufadienolides and several derivatives of
reduced toxicity can be obtained by the modification at different positions. [Objective] The aim of this work
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is to find compounds with better bioactivity or reduced toxicity by screening the converting strains towards
bufalin. [Methods] Substrate transformation experiments were carried out with bufalin as substrate to screen
strains, and the products were identified by HPLC (High performance liquid chromatography) and LC-MS
(Liquid chromatograph-mass spectrometer). The selected strain was determined in terms of colony
morphology observation and molecular biological identification. The fermentation conditions were optimized
to increase the conversion rate. The transformation of other steroids were also determined. [Results] One
bufalin-transforming strain was obtained and identified as Naganishia sp. by the morphological
characterisitics and evolutionary analysis on the basis of ITS sequence. The transformation product of this
strain to bufalin was 3-ketobufalin. The optimal conversion conditions were determined with the initial pH
value of 6.5, substrate concentration of 8 mg/L, the inoculation amount of 3% and the transformation time of
96 hours. About 48.3% of bufalin was converted into 3-ketobufalin. In addition, this strain could also transform
the reversible reaction of estrone and 17B-estradiol. [Conclusion] It is first reported that Naganishia strain can
transform bufalin into 3-ketobufalin, with less toxicity and great potential for safe drug to heart failure. The
capability of transforming steroids of this strain also makes it possible to bioconvert and modify other steroidic
compounds. The microbial conversion can provide a convenient path for large-scale production of the
valuable compound because of high selectivity, mild reaction conditions and simple operation process.

Keywords: Microbial transformation, Naganishia sp., Bufalin, 3-Ketobufalin, Steroids
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Figure 2 Structure of other steriodic compounds in the
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250 mm, AR 296 nm, FHIEEHN 0.6 mL/min,
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10xBuffer 5.0 uL, Tag RAMHHS U/uL) 1.0 uL,
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Figure 3 Detection and characterization of the transformation product of bufalin by strain x1-001
W A: HPLC Kol : a: BEAK x1-001 ZHINAERHEL; b @bk xI1-001 235 0.5 mg BETE 7 ; o IEFRIEMESE 0.5 mg WEFE R ; 1. IEF
R 2 W) B BATYIEINRIIE. C: Bl s B E (B TR, D: WEEER NMR K. a: S be BRI E: 45
TR NMR EHE: a: &0 b BRiG.
Note: A: HPLC map: a: Strain x1-001 feeding the same volume of methanol; b: Strain x1-001 feeding 0.5 mg bufalin; c: Medium feeding

0.5 mg bufalin. 1: Bufalin; 2: The transformation product of bufalin. B: The UV-vis spectra profiles. C: The HRMS spectra ([M-H] ). D:
NMR detection of bufalin: a: '"H NMR; b: *C NMR. E: NMR detection of the transforming product of bufalin: a: '"H NMR; b: *C NMR.
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Yo B i K B E SR A -3
FE 296 nm AbARHEIRIR . 3 2 0 TR EUAELA B
B3 LH 36%
212 WEYMEHWERE

AV 2 ERB O, HETHEEMAN . %
ARSI 3B B, HoA A 7210 nm F1296 nm.,
fE APCLIE T, S/ 3Rk #r (18 3C)%4 H Hafk 4y
FE TN 383.224 7 [M-H], HEHINEH TN
384.230 1. Hb#aE &m0 CoyH3040 K%
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A

H-3). “CNMR Z/RIZIEY D T — SRS
dc 66.3 (C-3), 2T —MILET oc 214.7 (C-3).
DR AN 3 S07A8 A T Bt 454 'H-"H COSY .
HSQC. HMBC % 2D NMRSGiE, #E b & h
3-REMERR, ESIIE 1 PUR, BREdES
SCHR[20]41E — 3.
22 HMEE
221 EMESEETE

e AR AT A BT R LI TR P x1-001 7 [ 1455 5%
B ERAOKRKEE, RIEDGH, B w7
R, OB, AP BB g AN i 2 A
BREL, BRARZH 2 pmx3 um (& 4A). HEETEIE
AR O ER 25 BT )2 ) K A RS T

¢ ‘}6 um

Naganishia diffluens CBS:160 (NR_111051)

96 | xI-001 (MK 748303)

Naganishia albida isolate 4ZK (MH093745)

48 || Naganishia liquefaciens CBS 968 (NR_073220)

27 Naganishia uzbekistanensis 1GC:4630 (KY 104336)

65 Naganishia adeliensis CBS:8351 (KY104317)

9338 Naganishia vishniacii CBS:8146 (KY104348)
Naganishia antarctica isolate AY663 (MK306100)

98| L Naganishia randhawae CBS 10160 (NR_111118)

Naganishia cerealis CBS 10505 (NR_111371)

65 Naganishia friedmannii culture CBS:7160 (K'Y 104329)
53 99

Naganishia vaughanmartiniae CBS 13731 (NR_152985)

Syzygospora alba isolate AM147 (JN053509)

— Cryptococcus gattii strain ATCC MY A-4877 (JQ812708)

100 ' Cryptococcus neoformans var. grubii isolate SHCZ 14 (GQ850222)
Cystobasidium benthicum culture CBS: 11087 (KY 103125)
Saccharomyces cerevisiae isolate WBS3A (MG101830)

El4 FEHkx1-001 BEFERSEMAR L FHELR

Figure 4 The colony morphology and phylogenetic tree of strain x1-001

TE: A BIRE x1-001 PAR & AR B S BT B: JET ITS P AN R G R B LR . $55 AN BIRRIY ITS J¥517E GenBank
BOBSES s 403045 AT Bootstrap 18 ; AR AGEHE AL =5

Note: A: The photographs of the colonial morphology of x1-001 on the plate and under the scanning electron microscope; B: Phylogenetic

tree constructed on the basis of ITS sequences: Numbers in parentheses represent the accession numbers in the GenBank for the ITS
sequences of the strain; The numbers on the branches refer to bootstrap values; Bar (0.05) represents sequence divergence.
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2.2.2 ITS FHILEXS R R o 47

% NCBI HeXf iR, Wtk x1-001 5 Naganishia
diffluens & LRI 1TS JEFIAHBITE A 99%. AR
HERT 25 SR O 2 R A R G0 K B A, ek
B E x1-001 55 Naganishia diffluens X Naganishia
albida i FRl—32, SRGRFREIR(E 4B). 4ia TRk
TR EE AR, WK x1-001 N J& T Naganishia J&
23 HUFRHML
2.3.1 JEMIRE X E R x1-001 AYSES R EE LRI

TERFREAIUR pH R 7.0, HeRPh 2%, KEE
BFECR 48 h IR AAET . REAF YU BT
AR, W S5 B, BEE PR EE ()3
hn, AR S, YRR IAE] 8 mg/L I
ARG, KT 8 mg/L IHEE Ak 2 0 25 IS ) ik
B S v RO R AIG, FTRE 2 FH T IC vk B 5 s DA
1AM T AR 0 L AR TE . BRI R AR Y
WS TAE, REKYEKESR 8 mg/L, mitf
N 43.0%.
2.3.2 #0145 pH {EXTEHE x1-001 BVMES REEL R
A1)

BARYEIE N 8 mg/L, WRAFVIL pH i
HRALZR R . W 6 7R, M44IhG pH AN 6.5

50

45 -

40

35

Conversion ratio (%)

30 -

2
> 2 4 6 8 10

Bufalin concentration (mg/L)

5 AERMWKRETE x1-001 FES REELE
Figure 5 The conversion ratio of strain xI-001 with
different bufalin concentration

TE: SRS B3R IE0046 pH ol 7.0, &k x1-001 HaFh &4 2%,
ST 48 h, IR (WERE R)MREEAKYUCH 2, 4. 6, 8 Fl 10 mg/L.
Note: The reaction conditions: the initial pH was 7.0, the innoculation

of strain x1-001 was 2%, the fermentation time was 48 h and the
concentration of bufalin was 2, 4, 6, 8 and 10 mg/L.

50 -

40 -

30

Conversion ratio (%)

20
55 6.0 6.5 7.0 7.5

pH
6 AE#I%E pH ETE x1-001 AIEHREFUE
Figure 6 The conversion ratio of strain xI-001 under
different initial pH
TE: SNLZEMF: BIbR x1-001 R0 2%, KEEINE] 48 h, JE
Yo wE R)WE ) 8 mg/L, HiFREEWIUG pH KK 5.5, 6.0, 6.5,
7.0 #17.5.

Note: The reaction conditions: the innoculation of strain x1-001 was
2%, the fermentation time was 48 h and the concentration of bufalin
was 8 mg/L, and the initial pH was 5.5, 6.0, 6.5, 7.0 and 7.5.

I, RPN I, VRO PR P s A A 5

PIARJEAREEAE . R b wiis pHIE R 6.5, %
{EFAL R 43.6%

233 FRIATEME X E K x1-001 BYiEE REE L EHY
Al

B PIPIEA pHAE I N 6.5, HRZRA[RHER T
AR, W 7 B, Siihiefhah 3%
B, BRPE x1-001 FUERE R AR, N 43.9%.

50

Conversion ratio (%)

20 1 2 3 4 5

Innoculation amount (%)
B 7 FREEEEMENERK x1-001 BESRENE
Figure 7 The conversion ratio of strain xI-001 under
different innoculation amount
T SR R WG BE R Ry 8 mg/L, $537E40046 pH 4 6.5,
RIS 48 h, BRIPK xI-001 HEREER 1%, 2%, 3%. 4%F15%.
Note: The reaction conditions: the concentration of bufalin was

8 mg/L, and the initial pH was 6.5, the fermentation time was 48 h,
and the innoculation of strain x1-001 was 1%, 2%, 3%, 4% and 5%.
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PeRpi A/, RIERHANG K, S bR IRAT; HRh
ERK, FMAERETRESREIL, AFFIRDT
ARG
2.3.4  SELEFE X E AR x1-001 BUREH R R
AL

FAHMEIBEM RS 3%, FERAFRL
XA R . B B TRIAERG , BRTAK x1-001 /)
R R AR B E, 96 h I A3 KL,
N 48.3%. 96 h JEBEE I A AREE N, FeAb A
BN 8). DA i AL E] 1 R 96 he
2.4 K x1-001 X3 E A AL LSR5

WE 9A FizR, 4rEsruETE R x1-001
AT MERRES AR AL, R 3, TRh 4, 77
P55 R 2R SNSRI R B B ] 5 4 — 3
BTG R ) 4 76 APCI PR 85 A T vy
FRETFIEN 271170 9, FEEAFimh 272177 6, 5
ME T BE—35, TR I T DA R TR R I Ak Sy i —
P [RVER), 2R R AT Xk E R AT A M Ak
JRYIETEATE R, TRk 3, SERRRR I RSN
R B B TR 58 42— 20K 9B)s =y o BRI s ™
Y1 3 78 APCLIE FHES T B T8 269.156 5, HHE

60
50 F
40

30 |-

Conversion ratio (%)

20
24 48 72 96 120

Conversion time (h)

8 A REIFLE E R E x1-001 FI4ES REFUE
Figure 8 The conversion ratio of strain x1-001 after
different transformation time

e BLEAT: RPIERER )M 8 me/L, KEFRIEMILG pH
h 6.5, WKEx1-001 BRI 3%, KRR 24, 48, 72, 96 FlI
120 h.

Note: The reaction conditions: the concentration of bufalin was

8 mg/L, the innoculation of strain xI-001 was 3%, the initial pH
was 6.5, and the fermentation time was 24, 48, 72, 96 and 120 h.

1 20 25 30 35 40 45 min

5 10 15
TSI IOl |
Aan

[
AT

5 10 15 20 25 30 35 40 45 min
¢ x107 x10°
3.0 8
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Figure 9 The transformation of strain xI-011 to estrone
and 17f-estradiol

TE: A BERES L HPLC RAIE , a: BRk x1-001 3% & DMSO;
b: Tk x1-001 HEFF 0.5 mg WERH; c: FEFRIEMTR 0.5 mg WERH;
d: BETREREGL. B ME TR AL HPLC AR NI, a: BE#k x1-001
IINEEHE DMSO; b: itk x1-001 M7 0.5 mg M R c. KR
TR 0.5 mg WEZA; d: WEERARUESL. C: Fefbr=¥ /P
TR, 3: M\ 4. BECEE

Note: A: HPLC detection of estrone transformation, a: Strain
x1-001 feeding the same volume of DMSO; b: Strain x1-001
feeding the 0.5 mg estrone; c: Medium feeding the 0.5 mg estrone;
d: Standard of 17-estradiol. B: HPLC detection of 17p-estradiol
transformation, a: Strain x1-001 feeding the same volume of
DMSO; b: Strain x1-001 feeding the 0.5 mg 17f-estradiol; c:

Medium feeding the 0.5 mg 17p-estradiol; d: Standard of estrone.
C: The HRMS spectra, 3: Estrone; 4: 17B-estradiol.

SrFEON 270162 0, SRR —. FILZERER
FEAL TR AR x1-001 ] SCHHUME — 1 55 MERR AT Ak, T
W IR ORGSR RO RO R, 8 Mk
JER TS Bl AR L. A, HPLC 253 B/Ri%m
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aurantigriseum $EACWERE RN, 3-KEWERR, %
TERL N 23%; IR sk SE g 45 R R IR T W5 55
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3R I /N S0 2T A O e 4R A5 1Y
Naganishia J& W IETE R B Y 3- LA 0B
R, FMACTIZE AR L] 48.3%, HZHI
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