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Study of microbial transformation process of Strychnos nux-vomica alkaloid salts
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Abstract: Objective To enhance the transformation rate of brucine and strychnine in Strychnos nux-vomica and establish a high
efficient microbial transformation system by Cunninghamella blakesleeana. Methods Based on the growth and metabolic rule of
C. blakesleeana, through single-factor experiments, by using brucine sulphate and strychnine nitrate as substrates and the
transformation rate of each substrate as index, several influential factors were investigated. Results The optimal transformation
condition was inoculation amount at 4%, fermentation time at 2.5 d, substrate concentration at 20 mg/L, transformation time at 3 d,
culture temperature at 28 “C, initial pH of medium at 6.5, and shaking speed at 150 r/min. Under the above condition, the average
transformation rates of brucine sulphate and strychnine nitrate were approximate 77.75% and 77.10%, respectively. Conclusion
The average transformation rates of brucine sulphate and strychnine nitrate are increased by about 17% and 22%, respectively by C.
blakesleeana, and this microbial transformation system could meet the need of the study on “toxicity attenuation and efficacy
reservation” of S. nux-vomica.
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BRI T BFFER], SR AR R R R
T (AAE4, brucine) A ERT (FHRAREN,
strychnine) BEJ2 e 245 2 7y, 2L TR,
HA RSN 1.0%~1.4%", HoAlh i 8 a4
1k#) (brucine nitrogen oxides, BNO). LT &
k¥ (strychnine nitrogen oxides, SNO). fh 5%kt
% ( pseudobrucine, PB) Fl{h 117 (pseudo-
strychnine, PS) &, ThEk-F AW s Hlis T
R Y), AR 2 R B Re T AR R ) AH i R AR
RS IR QIO REr IR P2 < R o L A $ /O P okl
ESHIFRIE R TEA R A A AN R R EE R,
TR T AR R E R o

LW #e 4k (biotransformation ) X FR A AL
(biocatalysis), &4 LU EDA WA A it ], LA
TR A S PN IR, AR B R 44 T AT
B, AR AR R A R Rk R, FEA TR AR
PRI CRO XM R N . H AT,
T AEWEACTT TR AR AT M BB B
XK. HIMWKRTAR. A8 88wt Ay
BT BARREL | X IAEE AT SRR, AR IR
Wity 2 P B AR AR AR R IR, A
FeAbrp S A HUAAS, iz N A T RAR T A
BYRGERE . SR SRR iP5k
SUEWE S TP ARG L 25940
VAR & TR A T R S A AR,

AT, 2 meve o A DA R ST v Ak T
RIEBT B AE AR Z B LAT T3t 2511
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P, RGBS AT SO R A e T
EHITTEAREE, SEY R AGVE AT LA it 5
W RO B AT RS IR K PRI
FHre A ey, i AR XS Rk
L N U I N 187 NS REZTE S S 4 o il o 8
AFRUN O BT, TS Bbs i . nTEEA
o ARb R U0, S 7 4 A 4 Bk I b 25 R A AR
P, UL G P4 5P AERIRS, TFRA
A H E 5B 2 B T Y,
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IR H, SRR, 0 S ) ik
TS L AT S e S oE, R U
TS PEREEA b, ORI B b P B M 2 i
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AR ZR, S RN AR DURERT 2 M BT A e
(AR, DT A2 TR T IR E A7 AR 9 1 75 2L
1 {FE5HH

BCD—192KJ VKA (55 Eyifg /R BEARATBR 22 71D
MHP—100 #3574 (Ll = REHAES AR A
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Pl e EAT M AR AR, THZ—C—L &
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X (Agilent %] ),
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al, FE AR A IR A ED, T iR R
rtral, Bl RARERAFD, S (&
k4, Merck AF] ).
2 FEEHR
2.1 EFEHE
2.1.1 GEREFREE PDA RiFREE, AR pH; 40
18 ecm i, HH 15 mL Ik, HERIEZSH,
121 °C, FASUKH 20 min; HIRE 15°MIRHK
B IAES b, SR N EIBEE .
2.1.2 RMEREIRIL HIZHE 20 /L. B S g/L.
W E 5 g/L. K;HPO, 5 g/Ly NaCl 0.5 g/L. MgSO,
0.5 g/L, pH 6.0; 7325 250 mL — ), BE 100 mL
BRIRsL, DM SGR A 121 C, mEEAK
20 min.
2.1.3  FMRIREFRIE BRI FREE (Fed-C): 100 g/L
HIZTFAW, pH 6.0, 10 mL. ZI5HFFEH: (Fed-N):
25 g/L MRS 25 g/L B, pH 6.0, 10 mL.
AR IR (Fed-CN): 100 g/L HiZHE. 25 g/L
HHEMY 25 gL A WERK, pH6.0, 10mL,
22 kEEERLTET
2.2.1  WAMORGE 7R R AR B R T UKAE
4 CLRI
222 BEANEWTE KR R R E T R R IR
i, 28 C, TEMLERTE 1 d.
223 KEESHEACTTE HERKBRE R
TR BRI, 3%, HIS1T e KR
SIRESY, JEEE 2% R, HeRP 100 mL K EERER AL
1250 mL =R, KRR E TRIK Y, 28 C,
150 r/min, KFEEEFE 3 do

B PR — 7 F I 5 B B R 2k 5 1 1) T A
ks ML TR, B 5 me/L IRV G
AR AT 0.22 pm TCRRALIE I IE L FR B s 1)
FEHL R TN 0.4 mL JEEY)VE 2098 K30 00 B
B HEERZ S, 28 “C. 150 r/min, ¥4k 5d.

R R S A PR W 2 S )
L1 (B D RN RS IR AL S AT
REERETE, AAATE R PR INEPR G 5 2
H T 2) BRI, BRI
FE IR IR IR G
2.3 FHUFEMNBERIAE

AL GG, B AR AR A ST L
1% KSR 20% % K pH 9~10; S AT AEE
3, BRRINGA)T 40 mL, HUEIRA), AHL 0.5 h;

GIFRIGE, 90 CAMZT, ARIEH 10 mL FIEE
WA ¥ RO 10 mL S, IR
EZY: 1 mLESSI 1 mL B, 0.45 um
FLIERR e, VEN 2 mL HEREI, 4.
24 MFE
2401 WBEARFTEWRENE TS RES TR
50 mL R0 KRR 1 %) 50 mL
EDE T RS EOEERE B, RIEPE
T AH A s B 0 BV A BCE AR B O,
8 000 r/min, &> 15 min; WEE LIEW LI pH (5
B P AR50 SRR FE I s PR B BIEWN EO
ERE, METE R, MUK AR, WS
T AR TR
2.42 pHHMETTE K pH v HFRHEMRAL E: B
R B CeAd GO, M pH vHIE pH 1E .
2.4.3  FRFEAMIAENE CEW LI E T HIER
AR50 pL A FIE R CEeAL B3SO, IIAE] 25 mL
HEEZIE RS, o 1 3GV A I s, mobn
A 50 uL 20K, A E s B BES KR 1.95
mL Z&WK 5 1.5 mL 3, 5- hJEKk B (DNS) i
Al e fE A B IRE b K L E T
KB 5 min, A RKEHL, 230 H 2808
KEFA 20 mL, 5, FAME, ML
FETET 510 nm A WIE SRS IWOEEE (4D i T
SR A B 0 2 B IO AR

B B 1 5 0 TR JE = (440047 9)X 20/ 1.009 6
244 ALK EE SRR IE Tk RS
RIR B (10 S AT 85 150 s AT i s A sz e

53 0 58 R SR S A 2 R R T
TR 65 T TN IR Eh TR B, THE A

AR =(C 12— C )/ C 512
25 WMEMHEIZaMK
251 AFEFNTERB R BV AR
SIS AR BEAR ) R S AR T, BT MY
BAY AR FH T 3 BN vl AR08 CRIRE ) /s o AR Y
FESUN T AR R 5 RN e AR D X 2 P R T
YRR A R . SRR, 3 Bl AR
DURERT T BT R R AN 1R T AN TR Bh (0 B AL R
4394 60.51%- 55.97%, 56.52%- 53.08%, 54.36%-
52.63%. HI UL, 3 Fl/NTOERI AN 2 B T A
B R Y B A RPN AAER, AR EY T
50%. b, RN RN E N AR B, 53
ILH) 60.51% 55.97%, WO HAE A E—D 05T T)
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252 FRPNOARM A AE KA A OIS AT
i /N v B LR TR AR AR A, AT A SR T
EYIIRER AL T E RSB, ARSI A St
RIFWIZAT T, T8I EA R 1) B 7 I A EURE
I3 I 58 25 FF it BV B A BT IR FE (/L) pH A
LR B AT R (/L) WP RN SOAR I
AR LR AT T 58, S50 1. T, fER
FETFAR i, /N o BRI 3 28 3 B ) S s 3] (0~
0.5d) BUIGNY THFRIAEE, Wb N T8 E K
(0.5~4.5 &), DIBRMAEKHER [4)40 g/(L-d)]
LHh . [Ny, B AR AR R,
YOCHP (1) 5 B T A TR PRI, IR AR T O
AHIR. KIFHE pH {HHBILAT 6.0 P BFEZ 4.0
Kidr, e dERAr pH 4.0 B, MoE, BEERE SR
5 T 2 B R B WA R ARRE S, R R IR 2L
SN, WK TREW (45~7 D),
PR TR AN TR IS N, R WM pH {EAH R (1N 4.5
d &IFeh ETF, 2 7d Ol 6.0,

253  HERREAHEWEA R RS R S
HALAAE T, 4% 0.5%. 1.0%-. 2.0%-. 4.0%. 8.0%
(PP TR B e N RN R R IR I 5, B A
Al A A e . R T W, B
h 0.5% I B AASNT 2 ol B B - AR Ak R 1) b R 8 d
iX, BEEEREIGM, AR, M
I 4.0% M I8R5 K], RIS A TS o Stk 4k
BN A 8.0%, FALR WERC, Xrlaeh T
BB 3N, AR, AT E R
AR TR RIER, Sl — B 7R, K9
L BRE TR S A e AN R 2 R AR K
(PIFFEE,  ATHIH] T B A R M AL e

2.5.4  RPEI A AP S I T AT,
RIERE IR 2.5~4.5 d 25/ s AR R A K 1)
. AEUERYEL, AU KE AR R, dER A
(1) A BGE JIHE RS, Refs it AL A IRy, i HL
IR FE AR — 2 KF, ERNEWGE, ft
N 521X 2 Tl PR I 40 B 5 1k o e bR A
R B R R TR ), ARSI AE St 1)
AT, BT R SR 2.57 3.05 3.5, 4.0, 4.5
d S AEYEAL IR e, 5 R 20 nE, AR
PRI TR A 2 AN K Horhr, Rl 9% 2.5d
F 4 d o2 BRI AR R mr [R5 R 24
e SRLAE I (RN 2, AR T R I S I, W4 2.5
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Fig. 1 Growth curve of C. blakesleeana
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Table 1 Effect of inoculation amount on microbial

transformation
B /% RUE (%
TR TR
0.5 50.97 49.10
1.0 58.59 56.75
2.0 60.72 59.38
4.0 65.87 64.16
8.0 53.86 52.45
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FT2 AEFEITEYFE AR
Table 2 Effect of fermentation time on microbial

transformation

F 4 BHFEITENFELINLE pH BRI
Table 4 Effect of transformation time on microbial

transformation and pH value of solution

A /%

AL 1%

RIFWIE /d — EEALIIR /d — pH 1
LB Bl 1 5k iR R R TRRER S T TR

25 62.24 62.17 1 20.95 21.30 427

3.0 60.08 59.70 2 50.39 47.25 443

3.5 60.06 59.30 3 7531 73.71 4.58

4.0 62.49 61.15 4 71.94 69.96 6.12

45 60.51 60.58 5 60.95 56.39 7.11

N k 6 60.27 56.81 7.19

d Dy SRR ) 7 57.61 56.11 7.42

2.5.5 R BCEIR BN YA R E Dy P
RN GEAR DU E M HAL IR, ARSERAE ALK K
WEL AL AT 0 Bl I KRB P S0 0.44 0.8+
1.2, 1.6 mL JRYIR A, 58 T YRR R
PIFAC I SEN, SRR 3. ATOL, 8400 2 R
HTTRIR I, BAREA Ao A P s, (AL
FAFLLPEAR. XU AR AL RE AR, fE
2 PR TR E ) 20 mg/L I A BIMAT, 4REk
Perm A ARSI IR L, JEARM T B AL
AT o

R3 RYRERENEMELRZIE

Table 3 Effect of substrate concentration

on microbial transformation

JRP IR EE / HALE ) %
(mg'L™") R FRERR TR
20 61.27 61.03
40 52.96 49.93
60 43.29 40.69
80 32.59 36.09

o ZiG FIREEIR, 3 d Hetb A dg w1 Ji R — 7 T ]
AT AN TA) 78 0 R R AR G 2, T
[ ] fe 2 AE 0t pH ST, Mg R AR A0 s P e v
AT IRYIFAL, WOEFE 3 d 1R AL TR .
2.5.7 R FEXTAEEAIK R S AR
g s B 2, 8 TR A KA R
A5 A S SR AT 35 5 . WU,
NP B A E KA E Y 25~32 C, &
SCIOAEIEIE I N, SRR R S A,
FUAN 7 (1) 355 Fr 0 B0 A= e A ()5 el EH 3 5 1T 1
MEEFRREE N 28 CCHY, NRARDUEXT 2 FRDI
BRI e, X5 ScEkAE 8, Mok
28 Coh RIS A R R B TR

x5 REMEMELHEME

Table 5 Effect of temperature on microbial

2.5.6  EAGKS TR A Dy AL RN A pHL B ST
ARSI AR R EARAT N, B8 T4 1, 2, 3,
4, 5. 6+ 7d X2 PP EERT A ER B AR A
pH [FI5500, S5 ILEE 4. w40, 4E4L 3 d ),
NPT 2 Rl R A ZR Y v, AH LG
TR S (RIEEAL 5 d) 3RS T4 15%A1
17%. [FIB), ZERIE3 dJ5, ¥ 1~7 d, #Am
pH {8 1 4.2 W T4 pH 7.0~7.5, S50 5 5 ol
A RKARS HhZRARBL) pH AR, XU AE %
IS, BARTE R BRI T BT 40 B i 1R (1) S,
AR AR AR T REAR 2 2 B3 52 m,  BARIAR
AR, WAEEIRE I, M pH {H B

transformation
BRI /T R %
LE IR LR TR
25 53.87 52.49
28 62.79 62.08
30 58.23 60.75
32 55.57 54.23

2.5.8  HiFRAAIIG pH AE XA AW EAL )M pH E
AR Ao 5 T 2B P 20 IO 325 1 5 5 b I 0 R 5
A2, JERE B ARSE FREE AR A, AT 5
TR TR A AR P M ) B L R IR L1465 pH
{EE B, AT AR N SO R D RS (R R e B 1 3
RAFIETRIAET, AR T b IR S A i HLRE
o AE /N SO DU AL B & 5 1) pH i, M
A T B R AL . ASER ST ¥4 pH
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24 5.0, 5.5, 6.0. 6.5. 7.0, 7.5 MAEMEAL KIS
M, g5 6. AL, MIFFREENILA pH (EH N 5.0~
7.0 I, /N TOERICEXT 2 PR P FAL R AR A K,
H AW pH HBINE 7.5, #ALR B E RKE 50%
Kitio SRV, /DrORINEN B FREMYIG pH
HHARAFENRE )y, Aegiid A & 1A KA
HEAT Y, EREXT 2 PR %34 5 =i pH 6.5
VE R R FRRLMWIUG pH H .

%6 IEFEVA pH EXEMEUZIN

Table 6 Effect of initial pH value on microbial

transformation
HEFERERI pH fl —————— e %
LTI EE LR TR R
5.0 60.16 58.57
5.5 58.17 57.12
6.0 61.05 59.18
6.5 63.45 60.73
7.0 60.87 58.36
7.5 50.87 52.23

259  REIRFHER VAR S5 IR R
pH —FF, A AR FE 5 m 4R 2 4 B A K
RSP EE K, ERMETFRAE T, IR
PE IR S AR IS ACEIO O, ANSEIS R PR 47
ok 120, 150, 180+ 200. 220 r/min, *#%% T ANfA]
(PIFE R S O /N SR DR A e A s . Rk 7
AL, Y3 R E A 120 r/min 845014 150 r/min I,
BART I A de s MG, B s R gk 2
o, HAREFARA K o, 4R 150 r/min
F1200 r/min I, X 2 FPRY) AR IR A [FR
2 FB B M TA B 200 r/min GBI, BRI
ARG — BN TR G 7%, LT B2 R RE T
G AR TR K S IR Ak, #OE$E 150
r/min VE A IR P2 PR 3

2.5.10  AMINAS A HE R E A se . 7R
R IR R, AR AR A AR A, DA
(B iR B e S0 7 XA NS 7 o e 57
BER, (ERE ALK SRR, LR
FAWE =PI e E. h “2.527 Fl “2.5.67
s Wnr s, RIS EAGIRE S, KRl s
TR TR B A W RETR IS, IR AN AT B AT R
ANFEEG I, T HR S A T K S IR R R
pH {EIE D ETF, MO TR AR R A A Ve = AR AN 5

R7T ERERGEDE LI
Table 7 Effect of shaking speed on microbial

transformation

BEAV 2 [0
WP / (rmin”) L /%

DT L TR
120 56.15 54.28
150 62.87 61.60
180 61.87 59.40
200 63.97 60.34
220 60.45 58.30

Wi o ST L, ASSEIGAEIER AR S HAL ST,
M AEAS IR RIFI S 0 0 1 AR R 3 Fh
VB IR AL CRIMISRE TR . SRR IR R AT R
Figrdk, HA RS ORI “2.1.37 Wiprid) Y
SRR K (FE R R BD, 88T AMIAN R 1)
EIRY O AL, SRR 8. T,
FEA IR T, — RAEAMINAS [ R4 TR
W EACIEARTC R, X 0] RE S5 AMEL SRS AR5 R
Tt ) R ARAC R A R

R 8 IR EIRYE ST E MR LRI R

Table 8 Effect of feeding different nutrients

on microbial transformation

e TR %
DT IRE: LI TR R
il 62.53 58.48
=0/ 60.51 55.96
TR AR 61.58 57.28
By 60.58 56.49

2.6 AL ZHEIEIRE

AR IR A S0 25 2, - S 5 5 1)
B, MR RN 4 % REEITE N 2.5d0 K
YIREES 20 mg/L HALBITEA 3 d. 85770
28 C B FRIEWIUE pH Ny 6.5 K 150 r/min,
AT TEMRARRE, TR 3K, BT
PR b F0 L T A R Sh A R A 77.81% -
75.43%, 76.10% 77.26%, 79.35%. 78.60%. 4%
RWPE AL TEAL, RN R BT 2
RN A ZR AT T O B g w1 B e vk
LS SN
3 g

N SE B DA iy R R/ se AR RN TR T 2 ol
BEVE RO —— S TR S LT A,
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AT AR R S B, B2 MR AR

PR & CE BB R SR AL I TR £ ) AE

A, AR RERE M R EAT T L, AT T

AL T 20 AR T 25N, 4nd 3 IR IE,

LA /N SRR XS 2 Bl A )P Y e A 203 il 4 var

T4 17%5 22%.

S 45 A e W R AU 2 5 2 AR IR ] 2 5 e A=
YVREAI OGN 25, b ECH o i R 2 b SRt 4 A
ff) 20 mg/L Bhn%] 40 mg/L, FHHI/NOARIER] 2
Pl AR T B T 40 10%, HRAE Y i
WL (P ARS8 Iy 2 — P BRAR, XA 0B Ak i
RINACRE AR, i H s e S () 40 i 2k ]
B2 0] e A B S P R A E s 17 A BT T ) 5 1
SN, ALY 3 d I, 2 BRI AR
FHECIERBASAE 5 d 3 ld i T 40 15%H 17%, i
Rl—J7 ] gE 261k 3 d B a0l R AL 1 75
B, S UTRAE AT B Vg
AR T A AT o

[N, kP, IR, WI4h pH (5 #%IKR
e TN ISV A ZR AT — )RR LI R, 1T R PRI
() 55 4N E TR TN e A 45 R L e, Jir ]
6575 G2 (1) R PRI [R) R Ak T B R AR A B HE AR 1Y)
XA EINA G Ja8 MaZ@& A BRI ART &
PP AR AR T 2 B0, XA R X
P2, BRI FEY) B A RS R L AR
Tt 1) 554y O e — 22 AR 5T
S 30k
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