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Abstract: Paraherquamide A(PA) is an important raw material for the new anthelmintic drug Startect®, and its low
yield limits the promotion and use of the drug. Response surface methodology (RSM) was used to optimize the
fermentation process of wild Penicillium sp. KWF31 to produce PA. Eight factors of the medium were screened by
Plackett-Burman test design. Among them, the dosages of soluble starch, glucose and yeast extract were found to
be the key factors. The optimal concentration ranges of the three factors were examined by the steepest ascent path
and the Box-Behnken design as 31.0 g/L soluble starch, 12.8 g/L glucose and 14.5 g/L yeast extract, respectively.
Under the optimal condition, the maximum titer of PA approached 243.7 mg/L, which was close to the theoretical

value of 241.6 mg/L, and 3.4 times of the initial.
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24— R4 0.1 g /il BAr . IRIBICE ERKR AL (FAO) Wgiit#dls, tHAMFAFEEIR
B 1242300, [, SRR RIS AR R E N EMAEEL S, THHEREKR.

15 ih U 2 ECBE AR 724 paraherquamide A (PA) FIMLZERT/EY), Hi PA kI HIEIR
J5 AR B A0TSR R AR (L 1D 00, (R, A5 BURR ) ol R R 3
L% PA RN, AT, paraherquamide JSRIRF=MIML 450 %, BT il Tk JEORL 5
BRI IR A A L B E RNP IR Z L 46 P12, AR, R
16 (2.5%) , LTI . R REE YRR P PA 52 H i KBRS 2 &P 1
A ROEE . PA B3 H— W5 %R E T Penicillium paraherquei R BEF=103, (HEF AL
H RS EN PA U AN, XBEAG T HE— B LI 5T S TR o 7 2B
SRR FEA, H AR IR K A T B R AR B IR e, S S R R A R I S
TR A RIEFAEFERE D0 BT V2 B TR A R T B SR AT A P R W L T V41T, i
ELRA RIS R A B A I R > . A SRAG RN RERE BE s PN RE L
BIF 5 J LR DR 2% 1) 58 AR PR A5 R 08 190,

A VR ZELAE 1A AR o R I — Mk 7 PA M SRR 75 5 B LB KWF31, VIR R AE
SRIRKE IR B R By 55.8+3.7 mg/L, WARIEF T AEMER . AR5 & £
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Fig. 1 The production process of derquantel from PAI!
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110°28'23.84"E, IRFE 1352 m) IV 5. aifb G380 — MR E, BT T

TLREA A5 250 T -
1.1.2 X5

AT EVERY . RERE. A& FE. NaNOs;. KoHPOs. MgSO4-7H,O. KCl. 43 #7406 H 2 45
(EZERMERFIB R AT 5 CuSO4-5H0 CREN KK ERFNHIRAFD 5 BELE

WY (yeast extract, YE) (Oxoid) ; IS4 (HRBAF) .
1.1.3 &

JB-CJ-IFXS BV # LW TAE S (PMEFE 1 TR &AM AR ; DHP-9082 AUfE
EEFER (EEE—REAERAT) ; Agilent 1260 & R i1 (Agilent A7)
1.1.4 BRARE M+ R

IR R RF: 120.0 g NaNOs, 10.4 g KCl, 10.4 g MgSO4-7H,0, 30.4 g KH,PO4, EF
£ 1.0L, 121 °CHEZEV KR 20 min.

T L = B 2.2 g ZnS04-7H,0, 1.1 g H3BO3, 0.5 g MnClz-4H»0, 0.16 g FeSO4-7H20,
0.16 g CoClo-5H0, 0.16 g CuSO4-5H0, 0.11 g (NH4)sM07024-4H20, 5.0 g NauEDTA, &
2% 100.0 mL.

GMM #5773 (glucose minimal media) : 50.0 mL fH 2SR BEE, 1.0 mL il 0 2 BRI,
10.0 g # % FE, 800.0 mL ddHO ¥ fi#, A7 pH & 6.5, EA A 1.0L, IMAZAE 16.0 g,
121 °Ci5 787K 1 20 min.

GMM+YE 573 2%: 75 GMM #5755 1) 50 EE N 0.5% (W/V) B RESEELY), 121 °C
e 287K 20 mins

IR R IR 2L (Czapek-Dox medium) : % 30.0 g, NaNO3 3.0 g, KoHPO41.0 g,
MgS04-7H0 0.5 g, KC10.5¢g, FeS040.01 g, EAZE 1.0L, pH HHAE 7.0~7.2, 121 °CH
JEZ57RK B 20 min.

12 AEEFRSRERR

7 BRI & K E AR T GMMAYE [BAR; R, 75 30 °CfF B 9% 4 d,
FEH 0.1% (V/V) Tween 80 WL, 7 JEAT Miracloth i JE B 2244, 15 FH6f 1
BN, HERE 4 CIKFEEH .

WA R IR 7% K7 DL 10° sp/mL (R BRI GG il 7 e N RIS R v, 38
50 mL/250 mL, 7E 28 °CHFE KM 12 d.

RFEH 2% K B WS AR R 20 A6 40 B, BRI B EE 50 mL, 25 °C, 70 W, #8730 min,



kR s IR 500 pL DN 500 pL, FRINA 1 mL FENES], A 0.22 pm (FFFLIE AR
H¥EJE, ARG (HPLC) lE PA KX
1.3 PA ZEEN HOINIE

HPLC 3% 777%: Agilent 1260 HPLC %%t, DAD fall#s, tifi#f: COSMOSIL C18 MS
11(4.6 mm*250 mm, 5 um), F 3K 230 nm, #ZNHH: MeOH/H20 6 : 4, #iiE: 1.0 mL/min,
FE: 35°C.

FrviE 2R 28] ERIICH] 0.5, 0.25. 0.1+ 0.05. 0.025. 0.01. 0.005 mg/mL [ PA
FRUE W, F 022 um BFIFFLEE R 38 /5 8 i HPLC (k47 /0 ¥, 4% L3k HPLC (&
T 2544 BTl 52 PA FOUETI AR, PLIKEE (mg/mL) AR ALKR, WA (mAU*s) N AL
br, BEATZAERIAU G, 193] PA & EARAEMIZ N : y=53 987.623 24x-589 236, HHK REL
R?=0.999 96, LMK RREF, ALLHTE PA BN
1.4 WU PA 155 &

1.4.1 Plackett-Burman 5% %% 7+

A3 B R 36 S 06 49 B R M PA BRI 1 8 AR R M IR B, 7R sk R Al B R
Plackett-Burman ¥ i1%f 820 %5 KWF31 77 PA ) 8 N kAT 0%k, 8 NI & Nl va P iE
¥y HIAIRE. BERHEEUY . NaNOs. MgSOs. MnCly. ZnSOs Fll CoClas 739445 Xi~Xs,
HHRED B EEFHAKTE, Hh<DREBKF, <IREMAT (LD o Wit 124
M, B3 ANELE, BLPA MM AW RAE, ALK RAVIP e A K%, T8
# K 7347 Box-Behnken s250 it . UG 7 W72 (1)

y =0 + BiZxi Qp)

Hory ymapifE, BI PA 2, mg/Ls BO N &; Bi NERMEREG xi AKEMKEK.

% 1 Plackett-Burman S2% i+ H & 5KF

Table 1 Factors and levels of Plackett-Burman experimental design

A& Factor 4ihd Code 1 T Level 1

A YATEVER Soluble starch (g/L) Xi 25.0 30.0
Hi%ikE Glucose (g/L) X 10.0 12.0

T REREY) Yeast extract (g/L) X3 12.0 15.0
NaNOs (g/L) Xa 8.0 10.0

MgSOs4 (g/L) Xs 1.0 1.5

MnCl, (g/L) Xs 0.04 0.06

ZnSO; (g/L) X; 0.04 0.06



JKF Level
K& Factor 4mfiy Code

CoCly (g/L) X 0.005 0.008

1.4.2 PRI SR 3% it

M4 Plackett-Burman SE56 Tl & R4 R, /IS BERRTTMBELE, AT
0 T [ THT SI 565 1 o B v R mT S, R B B e N S 06 SE T R0 £, DL R TR
TR A, B E R BETCHE SEae 1 )y 8] 5K, i i R BE @ I S 56 1k — AP 38 3 i L X 3
BET A € Box-Behnken it (1m0 0, KR4S #2808 ) 1E ORI /N 58 BUMEL, B IE RN AR IE

SBHEIN, RN BT RN,
1.4.3 Box-Behnken =25 i% it

$: T Plackett-Burman it 5 i FENC S BT 1945 AL, 1 FEFEM PA U1 3 ANRIER S
Hu0fE, FH Box-Behnken #it, #eit 3 BIZ 3 KF 17 ML, HABEREEG. P
i 3 K, 433 BA+1707- 17483 (L2 2), LA PA i 9 S4B, % F Design Expert 8.0.2
WE IR E, DL E SN PP B S ROR i E ALK R TR (2 .

y = B0 + Bixxi + Bijxi’ + BijTxixj @)

Horp oy R NAE, BI PA 4, mg/L; xi Al xj ¥ 4niS AR &, B0 NEEE, Biv Bii Al
Bij 73— IR R BRI AZ LI AR

% 2 Box-Behnken L4 #:it

Table 2 Design of the Box-Behnken experiment

K& Factor Zmfi Code KF Level
-1 0 1
A[EMEVER Soluble starch (g/L) X 29.0 30.0 31.0
H%%E Glucose (g/L) X 12.8 13.5 14.2
FEEESR Y Yeast extract (g/L) X 14.0 14.5 15.0

1.5 SREEFBIBEGIT 74

FiT A S8 8 3 AN FAT, SRH] Microsoft Excel 2 016 X 523 4 df #HAT 48 it 5 0¥, e
ZERUUT I HbREZE R R . R Design-Expert 8.0.2 BPF 2315347 i 7 T S 56 1 11 A0 4,
e 255 ) % S 2 TR 2R 1D AH B O % [y i 17 D P 0 45 s 26 18] . "P<0.05 I P<0.01 43 Jill R 7R 72 7t
BEMZE RS . ARG MR FR AT IONE, SCIREE 3 Ik, Bk 3T, 4R
SERME, A2 oo I E AR R ) TS S, TR R AT &
2 GRESH
2.1 Plackett-Burman SE38& 3t



Plackett-Burman ¥ 1% & — Mg x5 Bl 5~ 808 2 B P 7K P B SR 96 etk J7 3%, AT P
AR T 2 5L 1) Ak 22 R 3 v ke ok S22 SRS e B AT S 35 R G LA BB PR B O Ak Y ok
(241, Plackett-Burman SZ56 % iHH, 12 AN PA Z0U /£ 192.5~248.0 mg/L 178 P 3
B, Hrh s 7 AL AN R, %3 AR Em (R 3D o KL TS
PRI H Design expert HAFENH M 515 2 60—k [FHHFE (3) WF.

Y=221.77+9.63X1+5.55X>+11.62X5+2.3 1 X4+2.14X5-4.57 Xs+1.55X7+0.12.X5 (3
% 3 Plackett-Burman LR EER (x5, n=3)

Table 3 Design and results of Plackett-Burman design ( X+ s, n=73)

g AP & 7KF Variable level Bt
No Xi X X; Xu Xs X X X Potency (mg/L)
1 1 1 -1 1 1 1 -1 -1 220.443.7
2 1 -1 1 1 -1 1 1 1 234.3£0.5
3 1 -1 1 1 1 -1 -1 -1 248.0+6.7
4 1 1 -1 -1 -1 1 -1 1 218.1+8.9
5 -1 -1 1 -1 1 1 -1 1 207.9£2.1
6 -1 1 -1 1 1 -1 1 1 215.3+4.6
7 -1 -1 -1 1 -1 1 1 -1 192.5+6.6
8 1 -1 -1 -1 1 -1 1 1 221.7+13.3
9 -1 1 1 -1 1 1 1 -1 230.1£11.3
10 -1 -1 -1 -1 -1 -1 -1 -1 193.0£3.0
11 1 1 1 -1 -1 -1 1 -1 246.0=15.0
12 -1 1 1 1 -1 -1 -1 1 234.14£2.5

e Xo~Xs BT RL R R 1E K 1o
Note: The corresponding factors of Xi-Xz are detailed in Table 1.

LA PA RN A VFN AR R 0 A2 3R 4T 07 22 03 M ST R AT R EVERSS (R 4) .
ZIEARERL ) PAE (0.024 3) <0.05, FHZBALE RS, RIZAE AL 7E B 72 1 A 1] X
BEIEE RL, A4 E S WE RE R=0.9753>0.9, BLHSLIGH S B &
IEPE RELR? (agjy =0.909 5, Fom I A1 A BARL GE MR 90.95% (110 R AE A8 4K . Fh SB35
PR HT S5 R0, XF PA S FE M 5 35 B R 3R AR DO B RHR Y X5 (P=0.005 1) VA
VR X1 (P=0.008 7) . FiZiHE X> (P=0.0384) , iidLfl 5 ANKEM PEEIKT 0.05, Xt
RANEA BRI, FE X 3 AN R ER KT — S0,

# 4 Plackett-Burman 3£56 75 204 R

Table 4 ANOVA for Plackett-Burman design
T7 2R P50 H 1 77 Fii P18




Source Sum of squares  Degree of freedom  Mean square F-value P-value

7 Model 3501.86 8 437.73 14.82 0.024 3

X 1113.04 1 1113.04 37.68 0.008 7**

X 370.19 1 370.19 12.53 0.038 4°

X3 1619.60 1 1619.60 54.83 0.005 1**

Xa 64.26 1 64.26 2.18 0.236 7

Xs 54.74 1 54.74 1.85 0.266 6

Xs 251.08 1 251.08 8.50 0.0617

X; 28.80 1 28.80 0.97 0.396 2

Xs 0.17 1 0.17 0.005 609 0.9450
5% 7% Residual 88.61 3 29.54 - -
R Z Cor total 3590.48 11 - - -

e TP<0.01, ERWEIE; "P<0.05, EREFE, R=0.9753, R? ) =0.909 5.
Note: “*P<0.01, highly significant difference; *P<0.05, significant difference, R?=0.975 3, R? g, =0.909 5.
2.2 EBEMCH LIt
i 3d Plackeet-Burman 5258 B¢ T i 2 21 5 0 5 7 B0 KWF31 7 PA S 32 5o X 1A
FERESEEY) . vV PR vE Ky AT BE, HLI N IE RO, (RO 2 52 i Wk FE 2 3 5 PA Ui
PLIX =N B ERZEAZEN R, B Design expert 8.0.2 BTl A 1 £ 6 — X T FE K
(3) 1 % PR 3= 1 R0 38 20 45 5 A 00 B DR 3R sk B 45 R 2 BB R BTt e b K, BAW]
WEIEVER 25.0 /L, HIEHE 10.0 g/L, BFERRIY) 12.0 o/L AWIIHE S it L8, 45
PR, PA U EE VAR AE 3G I 5 AN BRI, R B 1 s A A, R BE R ATk 3] 257.6 mg/mL,
LRI SEBR 4 0 5, KRB —PRE T 12.3%, X522 AT Plackett-Burman 3£ 4
SR T FF &, WOR S5 5 2R 2% 1 Dy i 2 TR SE 36 i o 0 (LR 5D
5 BEREEH BRI RER (x5, n=3)

Table 5 Design and results of steepest ascent ( x+ s, n=73)

L as) VA TETE R & B R BESR ) Eyeiiy

No. Soluble starch (g/L) Glucose (g/L) Yeast extract (g/L) Potency (mg/L)
0 25.0 10.0 12.0 229.3+5.5

1 26.0 10.7 12.5 224.0£7.1

2 27.0 11.4 13.0 231.5+4.0

3 28.0 12.1 13.5 231.145.3

4 29.0 12.8 14.0 227.8+£7.1

5 30.0 13.5 14.5 257.6%10.1
6 31.0 14.2 15.0 249.74£3.6

2.3 Box-Behnken SE3615% 1t

MR e BETE Y S e 45 2, DL 30.0 o/L vl MEVE Ry« 13.5 o/L Wi &K, 14.5 g/L 1% E)



FEHUYDVE Sy v 87 TH] 52 36 ¥ v i H o0 g, 33— 25 i Box-Behnken Wit X iX 3 AN E (1)
WERATAL, BAEERSI 3 KF, LRI S5 RIE 6.

PA B AR AL TE A 191.4~240.1 mg/L, 55 11 424 & = 8 240.1 mg/L, HiR
IR N ER 31.0 g/L, H &K 14.2 g/, BEEHEEU 14.5 g/L. S SG0 Hr i
4 Design expert 8.0.2 & 6 H ) SL I8 Ho i 24T AL A, L PA &A (YD) NRAEE, W]
WS (XD WA (X MEEEEIY (X FIRERAZRE, REZckIA)
& (4) :
Y=215.49+11.5X1+1.06X>+0.85X3-4.23X1X>-3.53X1.X5+0.94X>X5+7.79X12+3 .48X>-14.94X3% (4)

% 6 Box-Behnken Hi 5LWLER ( x5, n=3)

Table 6 Box-Behnken design and experimental results ( x+ s, n=23)

A KT
RS Variable level A
No. Xi-FIE R VE B Xo- 71 % B Xa-FEREEE I Potency (mg/L)
Soluble starch (g/L) Glucose (g/L) Yeast extract (g/L)
1 0 1 -1 198.8+0.6
2 0 -1 1 207.4+8.8
3 0 0 0 222.9+10.3
4 0 0 0 211.3+13.7
5 1 -1 0 235.9+4.8
6 0 0 0 224.2+10.1
7 -1 1 0 226.1+4.2
8 -1 0 1 201.7+11.3
9 0 1 1 200.8+1.2
10 0 0 0 213.4+13.8
11 1 1 0 240.1£5.5
12 0 -1 -1 209.1£9.7
13 -1 0 -1 191.4£11.7
14 1 0 1 218.2+15.4
15 0 0 0 205.7+6.2
16 -1 -1 0 204.9+4 .4
17 1 0 -1 222.0+£6.8

MR R B R EHEI T TULAEE (R 7 « FE X (P<0.001) 5 KWF31 7% PA
(R 5 e 2 M OB AR S, IR X2 (P<0.001) 2R B2, R XXy XiXs 1 XoXs
(P>0.05) ZHFEWMALEE. 3 ABEZE PA BN KW : Xi>Xo>Xs, BIA[EMETE
o> I 0E > BE S o LA PA RUH N PR S8 R R Z R HEAT T 22 40 M, Bl A B 2R A 4

% E R EE (P=0.043 9<0.05) , WHSZIRHEAE G122 5 3 RHLIT P=0.410 5>0.05,



ANEZE, USRI E R, ARSI R>=0.8329, XK 83.29% 1546 45 H vl
PLA A R R, , AR S S BRI 3 A AH 75 o
R 7 BRI FF E 08T

Table 7 ANOVA of the regression model

Ji ZERUR ST A H 1B sy FE P fH

Source Sum of squares Degree of freedom Mean square  F-value P-value

74 Model 2384.82 9 264.98 3.88 0.043 9*

X1 1 057.54 1 1 057.54 15.47 0.005 6™

Xa 8.97 1 8.97 0.13 0.7279

X3 5.83 1 5.83 0.085 0.778 7

XXz 71.49 1 71.49 1.05 0.340 5

XX 49.91 1 49.91 0.73 0.4211

XX 3.5 1 3.5 0.051 0.8275

X2 255.41 1 255.41 3.74 0.094 5

X? 51.02 1 51.02 0.75 0.4162

X’ 940.31 1 940.31 13.76 0.007 6™
5% Residual 478.4 7 68.34 - -

AT Lack of fit 228.75 3 76.25 1.22 0.4105
1R Z Pure error 249.64 4 62.41 - -
LB Z Cor total 2 863.22 16 - - -

E: YP<0.01, ZRWEF; "P<0.05, ZREF, R=0.83209.

Note: " P<0.01, highly significant difference; "P<0.05, significant difference, R?=0.832 9.

2.4 ZARERIZE(ERXT PA HN #2008 52k B 7000 K2 B E

Wi 57 Tt T ] A 5 i 2 ] UL B e 2% DR 3R T F) S EL A X W AL 52 T 1 S
RE L o i 10 B 3R s 5 A P B o, ot i R T U SRR S A R g s A e 2 R
R A BN EN TSR - AU AT P A B R (A TR T E

AV A AR 6 AR PR 52 LA P o L T g T 1 49 R B O BE U, 3R B AT R A A
HIE PR IR FEXT PA M R A0 (LB 2a) o SR ETREIR AR, BEAE W TEE R
WRFE RIS, PA RCHr B S G0, ATV PR E R W B AR AL PA R IR R s 24T
VEVEVERD IR AN AR, PA RN ARAL T %, 3R W A R IR RE 1) A2 AL XS PA RUAAY (0 R i A
W . MAF R IET LU Y, AT PR IR BEXT PA 20t s b & E K, S5 Rk 2
DU S AR, RPN ERZ R EAERAREE (LE 2b)

A A AR P B Sl U Ak P 5 A Y T R T P P G, 3 Y T A A T A A
B RERBUCY R R BE XS PA Rt oM o (LK 2¢) o ] I PEVE R FE AR, PA 2L



A 8 A T B SR UM B (R 38 I S I e BT R B AR A R A 2 R SRE R O 14.5
g/L B, PA BB R iR, < EHEHE HIREEII, RO iRk, (H SRR 1 55 AE X
NG, RUIEERHREUYR FE X PA RN AR EH AN R . WSS RITLE M, A
VEM IR EEXT PA R 5 0 LU 2 BESR UK, AR R Z IR IS AR AN 23 (ST 2dD .
] 2RI T B4 E A0 R o S AR R e TET ot T R R TR, X PA R RS A S 2
(LK 2e. 20)

3 o 45 ey 2 ] A [ T P 45 R SR A bT . R4 B Ge it B Design-Expert 8.0.2 X
K B X S5 A PR e SR T, AR B B DY (31,0, 128, 14.5) , RIRIVETEVE R
31.0 g/L & HE 12.8 g/L BERHEHY) 14.5 g/L, TELLZAF T PA SR TIAN Jy 241.6
mg/L o g T A6 M L T ARG A AR R AR A A R ey vy S A X T £ PR A 2R A R AT 5
o SR T T00 (5 A 15 R BRI 7, W Bk KWF31 AT R IR %, M 3 IREE SL86,
WHE 3APAT, 133 PA LR BME N 243.7+6.9 mg/L, 5 TRIMAE AR Z /N T 1%,
FWZT RS E REF, MRS MR SR AT, SMAHT (55.8+3.7 mg/L) A
b, PA KRB RS T 3.4 £, BATRS AL HME.
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a #ffr Potency (mg/L)
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2
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[
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AEBE Glucose (gL) ey,

2 AR AT B R AU S BT EAR RN PA S B A ST A R R
Fig. 2 Response surface plot and contour line of the combined effects of interaction between soluble starch ,

glucose and yeast extract content on PA potency

3 tig54%ie

PA J& —Fl 57 M SE G| WSS LR, AR ARG 2 5, B A RAF P S
T2 R Mk A R A R R SRR, B R T A I AT R M T A R . (AR R
HE R PA FEREAL, ML AR B, MR T &R AR0FRH
Plackett-Burman B i1 8 AN[H 25 Hh i ik HE 7 2 25 5 00 B A B vk KWF3 1 R R /K 1 R T A 7
PA [y 3 NEEFRIELL Sy AR . AT RE AN BRI R A IEHY 5256 R Box-Behnken
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