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Abstract:
Colletotrichum lini ST-1 was obtained by compound mutation of NTG and low energy N* ion beam implantation. With the
substrate concentration of 10 g/L DHEA, the molar yield of 7a,150-diOH-DHEA reached 34.2%, increased by 46.2% than
that of the original strain. Then we optimized the medium. First, Plackett-Burman design was used to evaluate the effects of

Combined with method of ketoconazole resistance screening, a 7a,150-diOH-DHEA high-producing mutant

medium components on molar yield of the product. Results show that glucose, yeast extract and MgSO47H,0 were the
important parameters for the biotransformation process. Subsequently, the path of steepest ascent was used to approach the
optimal levels. To obtain the optimal levels, central composite design and response surface analysis were carried out. The
optimal medium was as follows (g/L): glucose 26.34, yeast extract 12.15, corn flour 3.00, FeSO4-7H,0 0.015, MgSO,-7H,0
0.14, KH,P0O,40.90. Under the optimal conditions, the molar yield of 7a,150-diOH-DHEA reached 49.3%, which was 44.2%

higher than that of using the medium before optimization.

Keywords: Colletotrichum lini, biotransformation, compound mutation, medium optimization, response surfaces methodology
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1.3 EFESEFRZG
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FhFEE IR B (/L) : A% 15, BEERRY 15,
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30 °C. 220 r/min 55+ 2 24 h, DL 10 g/L # AR
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(HRIR - ZFE=1: 1(VV)). R, Akt
H 3 uL, 105 CHIF 5 min (4.
1.5.2  BEABAE A (HPLC)KI B

AL, W CTRHhig 2 W5 & ik
W, TR ML, Aiksi R, 0.22 um
1A LB UEBR 2%, HPLC Al

HPLC %% #:%!, Agilent TC-C18, 4.6 mmx
250 mm, 5 pm; FEhHH, ZHEZK(T0  30); HEE
30 'C; KK, 206 nm; Ji#, 0.5 mL/min; iF
FERE, 10 uL.
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Table 1  Minimum inhibitory concentration of
ketoconazole

Concentration (umol/L) 70 80 90 100 110

Growth condition + + + _ _

+: grow well; +: grow weakly; —: no growth.

2.1.2  ERHERNEAF & K
K1 AR BRI L. X T 2%
20 R B A0 R FH A v 75 20 390 o ] A ARAS A 4ty
AR SEETED, NP SO R AE 80%-90%HI1E
BFIE] 30 min £ i AR .
2.1.3 REBAETFEABFTHRIENERE

B2 8 NBFiHEAGEABER 15 000 eV,
AR E 0-4.0x10" jons/cm?®)“ Th #7171 R
Mgk, B 34 N3 FEARRSIERERMRL
R, HEATHIBEE AR R, ERAER
S RIEW/N, A=K 2.8x10' jons/cm? if
IERAREK, FHAE A&,
2.1.4 HEFHZEMKKTE

AR R R T E G . B2 R0

100 - —"

e

80

60

E/

Lethality rate (%)

Il L 1 1 Il L J
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¢t (min)
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Fig. 1 Lethality curve by NTG.

100 K

N

40 -
0 L)

20 - \i\ri/ﬁ\ki

1 1 L Il 1 ‘\ﬁ

0.8 1.6 2.4 3.2 4.0

Implantation dose (x10'® ions/cm?)
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Fig. 2 Survival rate curve by N* implantation.
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Fig. 3 Relation of dose and positive mutation rate of N
implantation.

TEVEE 5 PRy B Y TR R AR I R R R AT 4R
W O, FZORIE R C. lini ST-1 #R47 )5 E60F
58, H=Y BRI RILE] 34.2%, S5 KEE
UZWIEEIRIF % 23.4%)MH LIRS T 46.2%. 8748
PRA RN E LN 5 WIE, YRR ER
G, RE RSB AEREME RIF . B M52
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22 FItFELEMIFLERE
2.2.1 Plackett-Burman L5

FIH design expert V8.0.6 A4F#4T PB SZ565
Wi, XPHERK) . TEERB(K) . EARIR(XS).
FeSO47H,0(X4) . MgSO47TH,0(Xs) . KH,PO4(Xe)
6 NIRRT H L, BRI B (DR P~k
S, WRAEN Ta,150-diOH-DHEA (1) 58 /R 5%
(Yp)o TRV EEERILE 3, LWL R 25
Hril 4.

A4 R ENE . R AT MgSO4-7TH,O Xf
PR BE IR A5 R B 2 (P<0.05) . HoH IF 1] 52
BT o A 0, 0l s BT O R R ORD
MgSO4TH,O, £ PRI X7 W JBE IR A5 5 14 52 el w]

R2 REMHBEEREM
Table 2 Genetic stability of mutant strain

Passage number 1 2 3 4 5

Yield (%) 344 337 335 346 336

% 3 Plackett-Burman K38 1& 1+ & M 7 &
Table 3 Plackett-Burman design and responding
value

Run X Xz X3 Xy Xs Xe  Yp(%)
1 —1 1 -1 1 1 -1 36.0
2 —1 1 1 —1 1 1 32.8
3 1 —1 1 1 1 —1 40.5
4 —1 1 1 1 —1 -1 35.4
5 —1 —1 1 —1 1 1 37.3
6 1 —1 1 1 —1 1 41.3
7 1 1 —1 1 1 1 36.9
8 1 1 1 —1 -1 -1 37.9
9 1 1 —1 —1 —1 1 39.4
10 1 -1 -1 —1 1 —1 41.1
11 —1 -1 -1 1 —1 1 39.7
12 —1 -1 -1 —1 -1 -1 38.6

% 4 Plackett-Burman S2I5i& & B =K FE R &M

S
Table 4 Factors levels and results of Plackett-
Burman design
Level
Symbol F value Prob>F
—1 1
X 15.00 20.00 37.14 0.001 7
X, 15.00 20.00 50.14 0.000 9
X3 2.00 4.00 5.24 0.070 7
Xa 0.01 0.02 0.90 0.3852
Xs 0.20 0.30 7.36 0.042 1
X 0.60 1.20 0.55 0.492 7
HLAT TR

Y, = 38.07+1.44X,-1.67X,—-0.54X3+0.23 X4~
0.64X5—0.17X¢0

75 FERY P BB R*=0.9530, K BiZ )77
FRA R
222 EBEICHE LA R

IRIG BT B2 e 5 s, th3% 5 al M
K= BEIRTFRIXTESE 4 LT, F=9i
FIRF) 471%. L, oLk b i 52 560K L 4
185 7 L FE ARl v 2 A BETH 256 1 s A5

*5 mREREKIREIRITRE

Table 5 Experimental design and results of steepest

ascent
Run Xi(@Lh) X (@L)  Xs(@L)  Ype(%)
1 20 15 0.20 39.0
2 22 14 0.18 40.7
3 24 13 0.16 432
4 26 12 0.14 47.1
5 28 11 0.12 42.1
6 30 10 0.10 39.9

http://journals.im.ac.cn/cjben
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2.2.3  WAR LR RS 70,15a-diOH-DHEA 1) 32 bR fb it 72
& H design expert V8.0.6 {4 7547 1 AT

% MAERITRE
PR B TR sy o TUERRITRER

Table 6 Experiment design and results of the CCD

BrFn s 22508, VG152 EIE )7 design
Y, = —785.388 06+24.175 34X,+58.733 55X+ wmm S EL) sl SEL) TR
2 342.411 32X5+0.037 5X;X2—20X;Xs5—43.75X,Xs— 1 24.00 11.00 0.12 40.6
0.416 18X,°-2.212 75X,>-4 736.373 53X 2 28.00 11.00 0.12 42.5
D AR T Mg R AR 6, [lH AR Y . 2l 1oy Loz =
4 28.00 13.00 0.12 45.7
R YA =N AN
M7 2= B UL 7, e oz 1T EDIE WL 4-6, s 24,00 11.00 0.16 4
MFE 7 W RHEA R 7 208 LA RS 6 28.00 11.00 0.16 41.7
AR P<0.0001, iZ{E/DT 0.01, FEBA %R 7 24.00 13.00 0.16 41.8
. . . , 8 28.00 13.00 0.16 40.8
*&ﬁ%o Q&_’\Ijﬁ\ X2\ X5 E(J P<005’ E‘%‘, SFﬁ
) ) , i 9 22.64 12.00 0.14 43.8
BEXTL Xo" XsTHY P<0.0001, Hf R, R 10 2036 1200 0.14 45.0
R & 5= B R R Z A E IR B IR R, 11 26.00 10.32 0.14 42.1
XiXs. XoXsF) P<0.05, B3, H XoXsikZk i 12 200 S0 e A0
et ; N - 13 26.00 12.00 0.1 44.6
KN, R X, 5 Xs B2 BAE X =Y EE RS 14 26.00 12.00 0.17 429
FREGA 53 o — I X, FISE T X X, /Y P>0.05, 15 2600 1200  0.14 47.2
AN E IR P {E N 0.2304, L KT 0.05, 16 26.00 12.00 0.14 48.6
17 26.00 12.00 0.14 48.7
W ST ROE SR A B R
ARE, %ﬂi%ﬁﬁ‘ﬂ% A R AF . BT 8 26.00 12.00 0.14 488
=1z N N > H. Py 7 7]
A REL R=0.9638, 3 B iZ A AU g 5 i ¢ 19 26.00 12.00 0.14 48.8
96.38% [ Wi 1 A8 £k, 12 B 7R i 48 4 b A 0 20 26.00 12.00 0.14 48.7
Rx7 EABREGTEDH
Table 7 ANOVA of response surface model
Source Sum of squares (SS) Degree of freedom (DF)  Mean square (MS) F value Prob>F
Model 156.720 9 17.410 29.59 <0.000 1
X 1.840 1 1.840 3.13 0.107 2
X, 3.120 1 3.120 5.29 0.044 2
Xs 4.520 1 4520 7.68 0.019 7
X2 39.940 1 39.940 67.86 <0.000 1
X, 70.560 1 70.560 119.89 <0.000 1
X5 51.730 1 51.730 87.89 <0.000 1
X Xs 0.045 1 0.045 0.076 0.797 8
X Xs 5.120 1 5.120 8.70 0.014 5
XoXs 6.120 1 6.120 10.41 0.009 1
Residual 5.890 10 0.590
Lack of fit 3.930 5 0.790 2.01 0.230 4
Pure error 1.950 5 0.390
Total SS 162.610 19

cjb@im.ac.cn
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N 46 M 7 5 S AR E T LR X S
Xs. Xo 5 Xs s HAEFH B, Xio Xo Ml Xs FELE
P AB A5 o X 105 5 AR SR A5 2 s 57 22 53 (/L)
e FEME 26.34; BEREMY 12.15; EOKHK 3;
FeSO,7H,0 0.015 ; MgSO,7H,0 0.14 ;
KH,PO4 0.9 45 & E (B AR [|1H 77 #2453 2 Hiig ™
Y BE JRAS FRTTUNNE Ny 48.6% o kg K6 46 455 10 T 01 71

W, ERIL S R T A SE s, e
IRASSESEIE H 49.3% , SRS E B0,
BRI AR L 1ib T S B i) B A D

FRIIZAL T

Yield (%)

00
11.00 24.00  Gwe
@

Fixed levels: MgSO,-7H,0 (g/L)=0.14
E 4 HEEEEESNIKEX Y EREESEAING
NE
Fig. 4 Surface layer of the mutual-affection of glucose
and yeast extract concentration on molar yield of product.

o I ~28.00
N 37.00
MQ- ‘\Q- \b‘\“) ~——3s, 0026 .00 &%l\)
$80,. 711,000 N ) gN¥24.00 0\“00

(g/L )
Fixed levels: Yeast extract (g/L)=12
E 5 EEHEM MgSO,TH,0 iREX =Y EREBEE
WD & ) 5z T [
Fig. 5 Surface layer of the mutual-affection of glucose
and MgSO,47H,0 concentration on molar yield of product.
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50
TN A 5 : x@u
R ) ¢
880,71, - 9% 3004u) s e
50 (g/L) N¢

Fixed levels: Glucose (g/L)=26

6 BXERHIAN MgSO,-TH,O iR E X P ERIGRE
e B M) iz T [

Fig. 6 Surface layer of the mutual-affection of yeast
extract and MgSO,7H,0 concentration on molar yield
of product.

3 4

AR C. lini #HATE B, kR
—¥k 70,150-diOH-DHEA 7= #i ¥k C. lini ST-1,
ZIEAEMRAE DHEA BORMERRE 10 /L &40, 7™~
YIEE IR R IR F 34.2%, 5 R MR LR R T

46.2%. AIt— LR EERIELEETT, RS
PR e aa DOR LI e ST T N A LD

DA TSI X Plackett-Burman 256 75 16 HY
) 3 NOCHEN R BT, i SR s R
KL T MRS 26.34 g/l EERRRY 12.15 g/L .
MgSO47H,0 0.14 g/L, 7= EE IR A5 2R B T
{E°H 48.6%. TERMLIEFRELZRATT , W ERTS
RN 49.3%, SIS THIMMELE R 2, B Ib T
PR T 44.2% , Ut W Re FH v R T 32 G Ak SRR R 28
A SRR T AT Y o
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