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Abstract : Objectives: The aim of this study was to screen the key components in synthetic medium that affect the efficient

expression of xylanase in recombinant Pichia pastoris. Methods: Firstly, the best original defined medium was selected by

employing single factor method and t-test.Secondly,the key components were screened via establishing the multivariate linear

regression models between medium components and responses with Plackett—Burman design and stepwise regression.Finally , the

concentration of non - critical medium components were determined with correlation coefficient analysis. Results:

Glycerophosphate , calcium sulfate, PTM1 and ammonium sulphate were screened as key components. Furthermore , it was found

that the enzyme activity and specific enzyme activity of xylanase reached maximum values of 2298.4 U/mL and 9926.3 U/mg in

Plackett—Burman design , respectively (i.e.when glycerophosphate 20 g/L, (NH, ),S0, 2.0,/L, CasSO, -2H,0 2.0 ¢/L,K,S0,

20.0 g/L,MgS0, - 7H,0 6.0 g/L,PTM1 8.0 mL/L, Methanol 10.0 mL/L, Tween 80 2.0 g/L) , which were 3.055 and 3.889

times as many as before optimization, respectively. Conclusion: Plackett — Burman design not only significantly enhance the

optimization objectives,but also screen the key components,and thus lay the foundation for further optimization.
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IEP ESRHCE A BMGY Il BMMY 45452 45 1% 37 ik
T 5 B TR RS R MR, o A2 2 FUR B,
bR LA R X E , R ATl 25 Az YR
2 BB R P B A FH 0% £ B % 3% SR Rk R Al 9 3R
BSM, FM22 J&7E BSM JERl I ol ik J5 4 53— F i 1
B R AT IR R B G ERR T G
IR & WIS ) S0 . 24 pH 5 F 5.5 B, BSM
FFM22 85 37 35 £ b BRFL 0 Dl 4 ) R R I i
FOGE W PTML/PTMA " if | L34 i i &, J A
TR T ANV AR Ak RS BEIR T H
Sy He iR AR 2H 2R 1 09 & WA R P pH 7E 5.5 Fi 7.0
ZAIARAES o S P A O R R 4 R K T TE S
o R A5 40 M 2 K R B R e 2 4 B9 gl Ak i e
BEVT . Zhang S5 B 5T 26 W, H b B R AR TT LA R
BSM il FM22 15 52 5L b 1 B R/ W IR 16, 15 M 5 2% i
WU T pH B0 40 Mo it 242 K A A IR 1 Y
FIk BT FR B 44 o FMG) 1R

E =i Bu NPSl N RS U O A s |
BE SR RETE Z2 b 1 37 3 vh 19 A2 W i BT 05 L
W, FF i 2 FMG Sy f5 30 00 4h 8% 97 6. 4R )5 i it
Plackett— Burman 236" F1iz 2 | 19777 675 56
S0 T 2H 55 R IR 0 AR ROV I T 5 S R
PR SR IR L 153, IR Bz SR A S P o b ot
A S R R S v PR TR i A BRER Ay, AT K
HE— 2 DAL S HT R L S BR LR S5 PRS0
1 MRETE
1.1 M5

pET-28a—xynZF-2 EZHERMAR  HBT & B4 BE i
) S0 A 5 56 R 1% £ ( Pichia pastoris) (GS115 |
pPICOK ik Fki I [ Invitrogen 2% W] 5 HEA A SN

T

(Birch wood xylan) 43 ¥7 4, Sigma 4\ w5 BE B

My or#ral, 9EE OXOID A wls EEH Mk s bral, 5%
FE BD 23"l Hah iR gl srbraln, [ 25 4 A fe 2k

FIA BRI A Huh An H B 38 40 pral, K 18 2
eS| B S RN P = 115 W | I B/ i = = s 1
H o Hraig .

HZQ-F160A 15 I& 3% % %%
A B 7] s DC-0506 K i A5 1AL
FRZ\ ] ; Neofuge 23R 75y 4 2.0 HL
AR E]
1.2 ZWHE
1.2.1  JEFEEEH YPD b B IR AR A8y
10.0 g/L, 7§ [ Jf 20.0 g/L, 7 %5 0% 20.0 o/L, I g
20.0 g/L A SRR MG T IR 5L WWER 1 iy
/No iR PTMI BB C 3 W iid 75 : CuSO, - 5H,0
6.0 g,Nal 0.08 g, MnSO, - H,O 3.0 g, Na,MoO, -2H,0
0.2 g,H,BO, 0.02 g, CoCl, 0.5 g,7ZnCl, 20.0 g, FeSO, -
7H,0 65.0 g, Biotin 0.2 g, H,SO, 5.0 mL #1314 7K
1000 mL, PTM4 o Z W EE 7" : CuSO, -5H,0
2.0 g, Nal 0.08 g, MnSO, - H,0 3.0 g, Na,MoO, -2H,0
0.2 g,H,BO, 0.02 g, CaSO, -2H,0 0.5 g, CoCl, 0.5 g,
ZnCl, 7.0 g, FeSO, -7H,0 22.0 g, Biotin 0.2 g, H,SO,
1.0 mLANZEME /K 1000 mL,
1.2.2  PEAEIESE B —80 C A7 I R I8 AR BB
it Fi%) B2 2R PR T A R LR B2 RN 2] YPD VR A6 -SF AR 3% 37
T 30 CEpEREFE 3 d,
1.2.3  FprgRifidsse B A AT b PR A
R I BA TR P AP B 25 mL YPD Fl 35 IR B0
250 mL =3 ,30 °C 250 /min £53% 20 h,
1.2.4 AR ER ARk 4% (V/V) 193
Fhigde AZEH 25 mL #BH A KB IR R0 250 mL =
I ,30 °C 250 r/min #5355 24 h,

g — fE R A A
i HE A AR A
g T HERR A

R 1 AR ORI 35 U TR A Ly

Table 1  Components of flask shaking growth and induced medium
BSM BSM FM22 FM22 FM22 FM22 FM22 FM22 FMG FMG
% G 7oA GRN V7 EEAN 17 EEAN i LIS 7S
B (57 R a1 o WS 5 N O o | e S | e || WS || 1 S
85% H,PO,(mL/L) 26.7 26.7 - - - - - - - -
KH, PO, (g/L) - - 43.0 43.0 43.0 43.0 43.0 43.0 - -
HImBEmR e (/L) - - - - - - - - 12 12
CaSO, *2H,0(¢g/L) 0.93 0.93 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
K,S0, (g/L) 18.2 18.2 143 143 143 143 143 143 14.3 14.3
MgSO, -7H,0(g/L) 14.9 14.9 11.7 11.7 11.7 11.7 11.7 11.7 11.7 11.7
KOH(g/L) 4.13 4.13 - - - - - - - -
(NH,),S0,(g/L) - - 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Hil(g/L) 20.0 - 20.0 - 20.0 - 20.0 - 20.0 -
F i (ml/L) - 5.0 - 5.0 - 5.0 - 5.0 - 5.0
PTM1 ‘mL/L) 5.0 5.0 5.0 5.0 - - 5.0 5.0 5.0 5.0
PTM4 (mL/L) - - - - 5.0 5.0 - - - -
-7 80(g/L) - - - - - - - 2.0 - 2.0
pH 5.5a 5.5° 5.5" 5.5" 5.5" 5.5" 5.5" 5.5" 7.0° 7.0"

W ca, MK (25% ,V/V) i pH;b, F KOH ¥ pH,
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1.2.5 BWIHBESEEE HEIHARKEEF RFEREFE 24 h
RS kW E T 50 mL O B OB O & b, = IR,
5000 r/minZ.0> 5.0 min, 5 _E¥#, B4 0.01 mmol/L
pH6.0 B JCEE PBS Z2 M et —UOIf E &, SR 5 #Fh
FBEA 25 mL PRIF G SR FRELNY 250 mL =i,
IIA 0.22 pm PR U8 TS OCE R, B 24 h %
0.5% (V/V) 19 b #] im A W B35 5 85 9%, 30 °C
250 r/mink%55% 5 d, FFBRE M7
1.2.6 MKk
1.2.6.1 Akl AU BE (ODyy ) : & B 42
YRS T I K 600 nm 1] UG KR I 5E O
B, ODgy = 600 nm W % A x n (n Sy i BEAF%
) o H 1 ODg, =0.371 ¢/LDCW (4HffS T ) .
1.2.6.2  KRRPHEGEEIE 12 SR H 239 DNS
w0 S AR SR S /) (U/mL) o BT T By
MIE SC:7E 45 “CHI pH4.6 2511, LL 0.5% HEAR AR
BEVE IR, ARS8 77 A2 1 mol ABE BT FF 1Y) i &&
1A TR o
1.2.6.3  ARZEBENEG LG IE 48T A Bradford 37
M5 2 1 Bk B (mg/mLL) |, LA L3S L8R AR bR
WERE o ARBOBERG A LG T X0 HE

Wit 4 IS (U/mg) = B 3% 7 (U/ml) /25 19 i
i £t (mg/mL)
1.2.7 X5t
1.2.7.1 HIERIREEFEEFRILW R FEiE B
TR LB HE 40 B8 SR R AR BSM 75 S 0% 57
(PTM1) 5 FM22 5235555 1 (PTM1) (FM22 5%
Bk 1 (PTM1) 5 FM22 iS85 32 3L 11 (PTM4) |
FM22 5 385585 1 (PTMI) 5 FM22 i35 453 4L 1
(PTM1 + ih- 3@ 80) LA} FM22 i S 4% 2 3 1l ( PTM1
+ 75 80) 5 FMG 5553735 (PTM1 + nt-j& 80) X7
FRHE AR Y I R RBEEERE G O 5 LUEE NG, O DL TS
TR BRS¢ KIS ST TR ik U 1 B S T
LEREE i
1.2.7.2 Plackett—Burman X511 FE{ 2k H Az
VIR B I3 FMG W 53R 5L I (PTMI ) + kiR
80 my LAl I, R MATLAB v8.3 #Z{F 41125 T B
M B hadamard PR ZXSZ i N = 12 9 Plackett —
Burman 256553, BT FMG iS85 55 300 19 7 Pk
43 CH b #% B2 44 . (NH, ),SO, . CaSO, -2H,0 . K,SO, .
MgSO, -7H,0 .PTM1 1 i) 52 ves AR — 7K - 4 5%
IS, Hor B K + 17 R R A -1 3%
7N, KO B R GO AR SR AR I B R R S g g R . S
BT IR KO K gm A L3 2 53 3 (H v D1-D4
SRz, AR TR 22 TP de b5 S Be IR R R A
Wyt R BEWE T BS g B L LT o
1.3 #iEaE

FTE LT B AT = A AT S0, G R LI ME +
PRAETR G UE . 3k e 3 W0 4f 175 3 13 9% S v A ) B[R]
- K I MATLAB v8.3 K- ttest PRZ LI 5
Plackett— Burman 256 9 315 52 5L il s fl A i O R R
VNG Wi 0 S b i TS ] 19 22 o0 2R Mk A AU GE o
MATLAB v8.3 H {44 & 25 [0l - bR $U stepwise S Jifh ;
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2 Plackett Burman {5635 1 P 227K K 2w i
Table 2 Factors and levels as well

as codes of Plackett—Burman design

=y 7
TREME S A
NS (L) XI x4 12 2
B:(NH,),380,(g/L) X2 2 2 7 12
C:CaS0,-2H,0(g/L) X3 3 04 12 2

D:K,S0,(g/L) X4 x4 8 14 20
E:MgSO0, -7H,0(g/L) X5 x5 6 11 16
F:PTM1(mL/L) X6  x6 1 45 8
G: i (mL/L) X7 x7 2 6 10

S EHS HSUEHZ A L R X = (x1-12)/8;X2 =
(x2-7)/5;X3 = (x3-12)/0.8;X4 = (x4-14)/6;5X5 = (x5
11)/5;X6 = (x6-4.5)/3.5;X7 = (x7-6) /4,

2% 3 Plackett—Burman i %1% it (n =3)

Table 3  Design of Plackett—Burman design(n =3)
LS A B C D OE F G DI D2 D3 D4
1 1 1 -1 1 1 -1 -1 -1 1 -1
2 -1 1 1 -1 1 1 -1 -1 -1 1
3 1 -1 1 1 -1 1 1 -1 -1 -1
4 -1 1 -1 1 1 -1 1 1 1 -1 -1
5 -1 -1 1 -1 1 1 -1 1 1 1 -1
6
7
8
9

=

—_ = =

-1 -1-11 -1 1 1 -1 1 1 1
1 -1 -1 -11 -1 1 1 -1 1 1
1 1 -1 -1 -1
1 11 -1 -1 -11 -1 1 1 -1
10 -1 1 1 -1 -1 -11 -1 1 1
11 1 -1 1 1 1 -1 -1 -11 -11
12 -1 -1 -1 -1-1 -1 -1 -1 -1 -1 -1

Plackett— Burman SZEG H 3% 5% 38 1% -5 =7 i i 22 8]
Je =AM N 2Z (8] A5G R AGE i MATLAB v8.3 #f4f:
£, corrcoef PRI S o

2 HRE5HW

21 EREVREFENREEZRGIZ

2.1.1 BSM iS5 35305 FM22 S dt 1 B35
RORXT LU AT 5 2H BRI R P A i R LS 85
FEFEMIAR RAFREFE IR A IR ULIE 1, FM22 553235771l
RO BSM 35 37 3k, 3R BUAE 0T 35 AR SROBE il i 0E H0
LT A 2 S TS (P < 0.01) , T A= ie 7E PR
s R A R E 25 (P >005), X A] fE &
FM22 5% 57 5 G005 35 5 il B MR | 1 S R ) 4
SEMRIRAA O, T DS S50 g (i A FM22 3555

2.1.2 FM22 iS55 4L [ (PTM1) 5 FM22 55 545
FEFE (PTMA) B 32 RURXT L4 FM22 5 S 57 57
FEBINGH I o R W PTML/PTM4A i) A 2R 05 1ifg 1) =%
IREERILE 2, FM22 35333085 0 PTM1 fiE o #E i
FERERCR AT T YN PTM4 (Y4550 2 TR RT & 19 =Fh
MEFEFR LT )5 3 (P = 0.0367 ,0.0368 F10.0318,
#] <0.05), PTM1 F1 PTM4 fJ & Fe'' . Zn’"  Cu’" .
Mn®* Na' Co' 25 & @B T /AW E%, BT T
L B8 DR W R A= K RN A IR AR 1 3R 38 T A 09 25 Fh i e DT
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LT BSM I FM22 B 5 B0 B A 1™ A SR B ) 5 1
Fig.1 Effect of BSM and FM22 medium

on cell growth and expression of xylanase
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Fig.2 Effect of PTM1 and PTM4

on cell growth and expression of xylanase
2.1.3 FM22 iR EE3E3E 1 (PTM1) 5 FM22 5557
FEALM (PTM1 + 13 80) $FFERORXT L 43 HT  FM22
(PTMI1 ) i S 35 35 B GS In 2 T 1% PR 57 ik VR 80 X AR ZR
HERGNYSRIA DL 3, FM22 75 5 55 FR L i nlk i 80
B A SR A g i % 0 W 3 v AR A N (P = 0.0123 <
0.05) HEAEYEMILEHE KGR EFEZT (P >
0.05) , X W iz 5kl 80 45 11 i M 57 BE 1% oA =5 4 il
ORI N o= D Bl o R R A R S I
B R LA S SR 0 5 O b IR ok 3R 80 Bk AT

WHoE .

2.1.4 FM22 iS5 ( PTML + 1175 80) 5 FMG
PRI FREE(PTML + kiR 80) 3% SR AR XT Lk 4347

FM22 F1 FMG P Fpig5 S 1% 32 3 19 3= 22 22 51 52 FMG F]
FHH R gh A FM22 i KH,PO,™ (£ 1),
&l 4 nT 5, A e AR BEREAE FMG 5 S5 R S p R R
A TSR G 0 A0 BT 3G B B 3 v T FM22 55 S b R 3L
MM (P 43514 3.81e—05 1 5.952¢—04, <0.01) , H.
B 53 R 5 35 19 2.126 /550 3.114 4%, AL K
INHEAEBEXZS(P>005), X
KRR BB IR I Uh pH B, M OSCHRIR B 1Y) B 4 e AR
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Fig.3 Effect of Tween 80 on cell

growth and expression of xylanase
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Fig4 Effect of FM22 and FMG

on cell growth and expression of xylanase
Lok DA B BRI ZR A3 BT, e 2 0 0t 11 AR B TR
1R LE B TS 53 B A 43.9 (7524 £43.4) U/mL Fl
(2552.4 £197.2) U/mg [ FMG 75 S 5% 37 34 15 55
FEACAC B B il W bR 75 S B IRk
2.2 Plackett—Burman I8 25 R 4517

Plackett— Burman $5 11525645 5 0L32 4, 0] F0 BT
35 OB ) e s B i 3 5 S (R IR BRI U7
N HhsEER 4N 20 /1L, (NH,),S0, 2¢/1.,CaS0, -2H,0
2 ¢/L., K,SO, 20 g/L., MgSO, - 7H,0 6.0 g/L, PTM1
8.0 mL/L, HE 10 mL/L, 173 80 2.0 g¢/L.) K45, Bt
T AN FE TS 43 5 SR (2298.4 +77.8) U/mL #11(9926.3

+312.2) U/mg, FbAAbaimg (752.4 £+43.4) U/ml Al
(25524 £197.2) U/mg( FMG iS85 32 3) | 4 B 42
1 2.055 151 2.889 1,

K]l MATLAB v8.3 #R {4 £ i& & [0 9 pR %X
stepwise FEN7 I FEHL ST 5 A W B R JROBH I GG
Ko LU 1 22 T PE AR AL (3R 5)

MR 5 A, BTG = A ] U A6 0 24 5K B AR 2
(P<0.01) B IEJ5 M E RE R 4300k 0.724
0.9727 H10.9515 . 3% & W A JOME il 1l 3% 77 1 EC il 0%
P8 I (BRI T (. 2 TR B A B4 i #-6 BE, 95% LA
b B S R A S XA Rk [ ) AR R S i R, i [l
U7 R R d 3 MR ARG 56 A W, 33 v A e 37 {1 L
A T, P TR e B . 2 DR Sl T b g
REN(A) BiERE (B) | —I/KEERES (C) Fil PTM1(F)

25
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Table 5  Analysis of the stepwise regressions
. L7 fiE 71 LU I
MYEEY-' t{E PH EIEESA t{E P EVEEY 3 t{H P{a
e 32.95 1067.85 5516.57
A 1.504 1.715 0.125 675.77 15016  <0.001""  3177.92 12914 <0.001*
B -0.724 -0.80 0.449 -373.52 -804  <0.001"* -1392.87  -5.662  0.0024"*
C -0.099 -0.11 0.92 298.57 6.634 0.0012°*  1380.18 5.61 0.0025 **
D 0.309 0.330 0.751 49.16 1.074 0.343 -49.068 -0.177 0.8684
E 0.506 0.548 0.601 3.48 0.067 0.95 -309.942  -1.336 0.2524
F -1.156 -1.38 0.209 -300.14 -646  00013" -134357  -5461  0.0028*"
G 4237 4.834 0.0013 ** 18.85 0.347 0.746 -676.904  -2751  0.0402"
R 0.779 0.9848 0.9757
BIER R 0.724 0.9727 0.9515
F 14.12 81.23 4021
ke P {H 0.00237 ** <0.001 ** <0.001 "

T HRECH AT + V7R =17 AU 5 Fr A 45 50 BRI A—G BYXSN3R 2 AHRL A 3G R BE R0 s « RO 25 B 3

(P <0.05) ;5 #x FoRZEm % (P <0.01)

Zé4  Plackett— Burman &1 5256 45 5
Table 4 Result of Plackett—Burman design

. Awn Wi 1 WA

FHEE (0D (U/ml) (U/mg)
1 202 +1.2 741.3 £53.5 5027.7 £392.8
2 347 £2.6 53.8 £15.5 196.7 £21.0
3 41.1 +1.7 2298.4 +77.8 9926.3 +312.2
4 37.0 £3.6 122.87 +19.3 385.6 +25.0
5 263 +1.5 658.7 £18.2 4119.1 £344.5
6 32.1 £2.0 777 £8.4 286.4 £35.9
7 429 +2.5 2130.4 +£126.8 8332.8 +3616
8 28.0 £0.3 776.4 +£52.9 5481.9 +383.9
9 352 +1.2 17994 +32.0 9910.3 +813.9
10 296 £2.2 672.4 £+29.4 3740.1 +176.5
11 299 +3.0 787.9 +63.6 6626.0 £319.3
12 289 +1.3 577.2 £50.6 5304.1 +644.9

(P <0.01), HiHFIEHREE WS, dE— 200067
BAEE AR+ 1) my3EaE B2 S B i wh iR a0 0B R
5 U B, TEAIR /K (= 1) iy Aty I R AIK A7 8 4%
PTM1 ()5, X 5 SCRRIRIE AT — 37 o W BEAE M ids
SEEFE BB 09155 5 50 A IR B AR R M2 Be =2 ok IR, X P
LU S A R FAEH (P <0.05)  H A 948 1945 1E [
VA R EONm A , AL 2 0.724 , 3 55 H: 0] U9 485 #Y g =5 P
F B A SR B, L 5 BT IR 0 5 B 3l 0 46 155 T B 3R
R BT EY RN E S B RN EES
F o, ZE FATIR, 8 15 Plackett— Burman 14 31 77 128 /19 i
FHRFAE 2L s i AR

FIFH MATLAB XA 4L11 corrcoef pRIZL 53 HT 5% 57
F S35 g 8 Az i) 6 22 [E] AR DG R ER v, G5 R Uk 6
e ATHIMRR W IE RS KRB SERS fhEIA)
FRFREW IE T 5 A0 [A], AU B W J1 5 K,S0, (D) il
MgSO, -7H,0(E) [y 1E 11 5 40 F< , 1H 33X P F 3% 53 o) il
WM BIR B2 (P >0.05), ZRE5F B, R8st
KA E AT K S Sy P EE. thAh, X AR

EOR UL A H I (G) FrH B R 40 (A ) B AR & 2R 504
SHE I (4399 0.838 F10.291) , Wiz 5 A AVA H
WG i AR (P <0.01) . JEHAYE 5
I 9 0 LY I R 0 A DG 3R BCERAR W, 4300 2 0.597 i
0.309, it DL J= &k 52 56 B B & i Ab F 5 K CRP
10 mL/L) A5 1) 42 5 A SRR il 1740 13t 7% 7 P EU TS

2% 6 Plackett—burman %3146 R 555
Table 6  Correlation coefficients table

of Plackett—Burman design

r ER7/h s ity 1 FUS
A 0.291 0.719 0.788
B -0.122 -0.267 -0.248
C -0.022 0.208 0.244
D 0.049 -0.146 -0.185
E 0.084 -0.193 -0.251
F -0.197 -0.167 -0.233
G 0.838 0.256 -0.032

W 1 0.597 0.309

fiF IS 1 0.597 1 0.924

R 364 0.309 0.924 1

3 #Fit

73 i B[Rl 22 3 #r L Plackett — Burman 52 56 5%
T FE T Z 5 B Y 22 e L HASE Y R AH 5C R BT,
WI2EAAL T HE2H Be AR R B 2 3R R TRVE B 1 15 5 6 R
ekt dm kB N 2R S I A R H T B TR AN A TR B
R PR S AN PTM 2 52 1) A SR il 22 35 17 DG Bt 5 7
J4H R H v B R AN 2 B KHL, PO, TGE TE M4
FEORTERE ISR IR Y B UR , JF 459 3] FMG i35 S 8%
FRFIEIE B AEWI IG5 T A s o 3L il 0T Plackett —
Burman SZ5545 255 5 S 7R 3 04 AR TC Uy S Hh
BEme & 20 /L., (NH,),S0, 2.0 g/L., CaSO, - 2H,0
2.0 ¢/1,K,S0, 20.0 g/I., MgSO, -7H,0 6.0 g/, PTM1
8.0 mL/L, I 10.0 mL/L, k35 80 2.0 /L. 714
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AF T A SR Tt 1) 0% RN BRI NG A T R R Y B
L4y Bk # (22984 + 77.8) U/ml 1 (99263 =
312.2) U/mg, i &8 AHSC Z 5053 B vl LI E B35 ik
Sy AR BB O A BRI A . I UFaT S i — 2Btk
KM HT I7 5 B A R AL T IR 2 HL S R G 5 S R
LR
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