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Optimization of nutrient elements for the production of pinoresinol
diglucoside by a strain of Phoma sp. of Eucommia ulmiodes Oliv.
using response surface analysis
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Abstract: [Objective] The study aimed to optimize the nutrients in the media for the production of pi-

noresinol diglucoside (PDG) by Phoma sp. SP-16F in submerged cultivation. [Method]) Single-factor design

and Response Surface Analysis were used to optimize the factors and their levels. [Result] The optimal nu-
trients for production of PDG by Phoma sp. SP-16F were obtained as sucrose 47.5 g/L,NaNO, 3.0 g/L,
and K, HPO, 2. 83 g/L. After the optimization, the PDG yield was enhanced by more than 3 times. [Conclu-

sion] PDG yield was highly improved by optimizing the nutrients for the liquid cultivation of Phoma sp.

SP-16F with the aid of Response Surface Analysis.
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1.2 EHE
1.2.1 4@ @Ak R S 4 e
K #7 3 (PDA), HER pH(A 7. 2),

1.2.2 #FRAEA RMERIEFRE. A0 R
30.0 g,NaNO, 2.0 g,K,HPO, 1.0 g,KCl 0.5 g,
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. EMK 1000 mL, {4k pH(Z 7.89),
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100 mL 5323519 250 mL = M, 78 28 C.180
r/min [ 48 R K35 120 h, 75 SP-16F 7

i
1.4 SP-16F & BEIE 5%

HURE FR 47 () SP-16F Fh 1 . 45 (B3 8 520 11
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faih . 76 28 'C 180 r/min By &1 FHE K 3 216
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2 TR A A R G 0 Bl 7 0 I 0 5 Y RE R 95 R
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K= 0 5 B A R, AT LAl T
i A PDG 7= 5ty % 5848 b, R B0 R R U 00 1 a2
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(1) W8 I o Ve B . % TR W 0T o ViR B 43 0 Ok
15,20,25,30,35,40 Fl 45 g/L NaNO, & 1k FF H
2 g/L.K,HPO, itk B 1 g/L 4504, 317
ST B 35 L DN A REME SO o R R X 4 i T 9T A R PDG
I AN

(2)NaNO; Jig &t ik B, 7F 5 BE 5T & B2 2 30
g/L.K,;HPO, ikl 1 g/L . NaNO, it ik &
AR 0.5,1.0,1.5,2.0,2.5,3.0 F1 3.5 g/L (%
TR, AT R BERE 3% M NaNO, [ i i B X 40 i

T &M PDG &1,

(3K, HPO, [Tk B . 75 REAE vk &y 30
g/L.NaNO; Fia ik » 2 ¢/L. K, HPO, i ik
SR 0.5,1.0,1.5,2.0,2.5,3.0 F1 3.5 g/L 5
P 3R AT A RS R 0 E K, HPO, J5T & ¥ B2 X 20
JiaF 5 A PDG P22 1 5
1.5.3 vwa R @aHERIE%IT fF 1.5 2 W s
28 B al E, A ] Design-Expert 4 (version
5.0. DB = J0 K P L AR K, X 25 U #E SP-
16F 7= PDG & 2 55 AT AL . 45 1K 56 K 19 G
i S HUE W2 1, B r £ 0L 2.,

1 HMAPRNEERBESP-I6FFPDCEFRF/H =T XAHPLAGHENERKERERBE

Table 1 Code of the levels and factors of the experiments
- 1% Code g K Code levels
AL T
Variable A G iy —1 0 1
Uncoded Coded
HERE/( g+ L71) Sucrose X1 A 30 40 50
NaNQ;/( g+ L™ X2 B 2 3 4
K, HPO,/C g+ L™ 1) X3 C 1 2 3
x2 MHNEZRE SP-I6F = PDCEREF/H=ZR_RXHPLOAGRB AR
Table 2 Design of central composite designed experiments
75 A HERE B C 575 A REH B C
Num Sucrose NaNO; K, HPO, Num Sucrose NaNOs K, HPO,
1 0 0 0 11 0 0 0
2 1 —1 —1 12 1 —1 1
3 0 —1.68 0 13 —1 1 1
4 0 0 1.68 14 1 1 1
5 —1 —1 —1 15 0 0 0
6 —1.68 0 0 16 0 0 —1.68
7 0 0 0 17 0 1.68 0
8 —1 —1 1 18 1.68 0 0
9 —1 1 —1 19 0 0 0
10 0 0 0 20 1 1 —1
16 BRI S -
N e . N A =
L6.1 @mieFRE AR 4000 r/min B0

15 min, 3% B, UUUEH 28 F KUk 3
224K 100 C R4 ot 28 o7 & e PR BT 6
1.6.2 PDG #9425 4w B AL B 7 3. &
W% B0 (4 000 r/min, 10 min) —> 4% I
WEEDTOMA 100 mL FRFL3 40 60 6 £ BEVA T, B2 UL
24 h)—>E.0>(5 000 r/min.10 min)—H_F 1% B — JiE
EEZE R — T 550 (13 000 r/min, 10 min)—H [ %
W OB 8 (FLAR K 0. 45 pom) — U SE JE TR 45 46

Z: 7% CHK[22-23 1, 2R FH 8 280 R A €0 33 125 A T
Wb PDG & &, #2544 Ry« A % K 228 nm, A
25 CL,# 1 mL/min, & 10 pL, WA R
TRBLA> 550 26 00 B .
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PR DUREME o U5 S A R T PDG B & B, H B K
Az Al b 55 1 KT 5 DR P S S SR B R I B R
A K e K AR PDG 7= i R B LA E B Ry i Y5 1) 1)
PDG =&, #ZERH A7 EZEH N &R ™ &
1) PDG , 501 FH AR Ay fe 38 Al

2.1.2 RORAE K 2 R AR A FE W&
P LR 2 4l o R A R T PDG 8 & s i A
AR AR W E R TR AR, BT EKE
1345 PDG . 35 FH A R 44 A fe 3 008
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Fig.1 Effect of carbon sources on the cell growth and

PDG yield of Phoma sp. SP-16F of Eucommia ulmoides Oliv.
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Fig. 3 Effect of inorganic ions on the cell
growth and PDG yield of Phoma sp. SP-16F of

Eucommia ulmoides Oliv.
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Fig. 2 Effect of nitrogen sources on the cell growth and
PDG yield of Phoma sp. SP-16F of Eucommia ulmoides Oliv.
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6 Bon.BEE K, HPO, Ji 2wk B i 38 hn, 40
L T i A PDG 7= i3 K 24 K, HPO, BT ik

2.5 g/L I 4+t & 1 PDG 7 3k B a5 K B
K, HPO, J5i i i B2 1% 4k 22 35 K, 40 g -+ 5t 2 #1 PDG
PRI TR,
2.3 MMELE SP-I6F ABEFREERAS M

VA BY {9 38 <7 K M B2 8 43 77

N E RS PDG ., A58 R FH W 1 18 53
BTk, 75 B8 W8 5T &2 ¥k B 23 51 o4 30, 35,40, 45 Al 50
g/L . NaNO, B E 55k 2.0,2.5,3.0,3.5 Fl
4.0 g/L K, HPO, JE&E ¥ E 4%k 1.0,1.5.2.0,
2.5 M 3.0 g/L M &MFTF X 35 R B A7 i — A
b TS AR 20 G 19 PDG SEIE WL 3 s, R H]
it 84 Design-Expert (version 5. 0. 7) %f & 3 Jif
BEs R AT ZonBlIH A, DL PDG 1y 7™ & (Y) iy i
N #EAT RSM 431, 4 ] 5 75 7
Y=24, 69+ 3. 356A+ 1. 04B+ 1. 62C — 2. 73A* —
1.93B*—1.73C* +1.11 AB+0.94AC—0.23BC, (1)

Hi 7 B2 (1) 3R 45 PDG #iNAE (3 3) 5 [l )5 Jy
() 1 dub 25 PR A D00 285 5 D 3% 4, 4% [l 00 22 0
HERINZE R W3R 5,

x3 HMNEESESP-1I6F = PDCEFRFRHN=ZR _RPLAGHEER
Table 3 Results of central composite designed experiments mg/L
M e PDG 7 Gt 1 I 2 e PG 7 it
Num Real value Predicated value Num Real value Predicated value

1 23.49 24. 69 11 26.00 24. 69

2 16. 15 17.06 12 21.95 22.65

3 17. 80 17. 48 13 16. 00 15.68

4 24.50 23.55 14 25.05 26. 50

5 15. 34 14. 49 15 24. 25 24. 69

6 10. 46 11.48 16 18. 00 18. 11

7 24. 05 24.69 17 21.50 21. 84

8 16.03 16. 29 18 24.33 22.60

9 14.90 14. 80 19 25.69 24.08

10 24.50 24.69 20 21.50 20.98

x4 MHMANEEZEESP-16FPDGC FE5EFRELEEFARRENFTES
Table 4 Analysis of variance for the regression equation
75 S PH -7 A H ETJE‘E T ANy 2% FH P1g R R2 R
Source Sum of Squares df Mean Square F value P value !

F A Model 381. 40 9 42,38 29.66 0.000 1
AU Lack of fit 9.50 5 1. 90 2.59 0.2353 0.9818 0.9639  0.9314
4li % 2% Pure error 4. 79 5 0.96
BAR Total variation 395. 69 19

B E VAR I 45 R (3R O R, 018 O AR A W B
FIKF(P<C0.000 1) #E a=0. 05 7K L e #1501 A
B (P=0.235 3) BRI g P iE R EL R*=0. 963 9,
Wk B IZ AR BB A B 24 96 06 12 55 T 45 M 1o {1 A2 4L
VA AR H) 4 Y ASREH BB RUR i@ B . PDG 7= i
A5 Y 0 {55 S IO (L[] %) AH OC R4 R=10. 981 8, i}

2 A R 0 S0 (1 5 S0 AL D ) 005 R A v o
FH T 0000 2 B A 2 25 88/ o 4% [l UA1 00 A S 3 1 A
a5 Bon, IR I KEIEE N, AL
B.C ) — IR K Wk} PDG 7= 8 (1) 52 W 1 35 4
BEKF(P<<0.0D);A 5 B.A 5 C 38 H.IH) 52
Ik K- (P<<0. 05) , H A2 HAE X PDG 7 & (1)
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Table 5 Significance of the regression coefficients
e PR e 2 ¢ P fi
Constant term Regrels:slon Standard error t value P value
coefficient
H I Constant 24. 69 0.49 — —
A 3.35 0.32 10. 35 <20.000 1
B 1.04 0.32 3.22 0.009 2
C 1.62 0.32 5.00 0.000 5
A? —2.73 0. 31 —8.66 <20.000 1
B? —1.93 0. 31 —6.13 0.000 1
-2 —1.37 0.31 —4, 34 0.001 5
AB 1.11 0.42 2.64 0.024 9
AC 0.94 0.42 2.23 0.049 5
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Fig. 7 Response surface and contour plots of sucrose and NaNO; on PDG production
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Fig. 8 Response surface and contour plots of saccharide and K, HPO, on PDG production
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K7 iy & K, HPO, K3 R i, b5
NaNO; 22 HAE X PDG f= it iy 52, AE 7 o] LA
AL TEE SR A AT, B & RS NaNO,
FHE BTN PDG 7= &t 55 42 1 K5 (5 24 565 S in &
o 47.5 g/L B, PDG j= it f NaNO; FH & (135 fin i
TR, XRE LA X PDG Y A AR
B,

8 Jz W () & NaNO, 7K Ry F 0, 3E b 5
K, HPO, ZZ HAEHXF PDG & iy 52 M., M 8 af
LLE M W& R S5 K. HPO, H & /3, PDG 7=
HZE AR EY K, HPO, &# & T 2.80 g/L i,
B B 5 0, PDG 77 e S i KR s . X A
S HPO,* ™ J& 1 2 Bl 19 006 551 . ml DAAR 3 e K Ak &
YA B &k B HPO, > i A F T PDG 1
FEA

B 7 FE 8 Al DL L A il A R R
SRR (DAY ALB 1 C R i 5, Fl i Design-Expert
(version5. 0. V)M XF B BN W 3 A~ R i, nl 15 &
b 5% L 41 43 W) e AR BC LE oA BEBE 47. 5 g/L,
NaNO; 3.0 g/L,K,HPO, 2. 83 g/L., it/ &
FF,PDG P2 i ME R 27 mg/L,

3 shi S

I FH el 7 18T 3 AT 9 AR b 5% 3% R 4 A, T AT A0
P K e AR 7 PDG W™ &, 78 MR N T8 43 B ik 59
L. PDG & 1y 5 /ME A 10. 46 mg/ L, 11 5 A & ik
¥ h PDG & KAEIE A/ 6 mg/L., f@#r el 05 5 F2 fr
AR T ) PDG 77 5 B AE (27 mg/L) Fliak
5 h PDG j™ i fe KA 5200 (25. 69 mg/L) Bk ik
A B R & 3 A5 LA . 3 U6 B, i 3 1 0 A 5 T
DL T K Wi 7= PDG B 15 38 B A AL B 5%

KEEEAETE PDG BA B A9 W H H S I R F
SEAEBH L 7E LW h S 30 mg/kg 19 PDG W] DL il
JEREAR 3. 3~4. 7 kPa"*" | Fhfh Py 4= 25 55 B SP-16F
TERAERG T 55T T R BeRG 5% . R W H 9 PDG
TR AR E . W, ERE R BB
LA ERRTE T X K W R A T3 Y 1Y o 40 Ak 3L
AR AT — 2 R DR T RE M A

MR G5 R R A W R W AR 7 PDG 4 it T
WAl . 5= A Y R L R PDG A
A RAAE AE T Tl A 2R 7 R TRl AT R 22 K e 45
. ARG By AL Ah 1 25 07 202 DA H B2 A2 3 2R At
A B A= 15 AR LUJS A RE B o I 5 A8 BB 1) B B
[H]ANGE A>T 5 AR, PR A% 42 FH 24 05 =232 3R KPR

BEAh L AL A i PDG S & AU 6 g/kg™ L L
B v 2 ik K R O B ) 100 A% T 25K Y
PDG & &0y 60 mg/L . 4 A58 BT 45 % I W vk 4 2
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