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RHEEEA T2 E L. WA TAE 24 R T4 3 5F 3047 @ Bacillus subtilis 168 9 4% M R A B 2 A pel 213
% TR A G FE 5 A< BB Pichia pastoris GS115 ¥ R RA. AR ATREERZR T, AAANA R TAET
PR ARAEAL 69 BAK pHBMOOSBDM #EAT R4, JZHLEEE M 68 UlmL 3 m %] 100 U/mL, qPCR #ml4sF KPR ST
27%. B AR RIJE A AR 6 ik K g B K 49 $A0 F BAT AR ALK B R AF A A& GS115-pHBMO05BDM-pelsd, 4B
7% % 536 UImL. M) #)3 & 40745 pPICOK-pels, ¥ 35{LH#k GS115-pHBM905BDM-pelsd, #|/ it % G418 -F
MAAT IRk, 48 4 mg/mL 49 G418 4iit-F# LAFE| H Ak GS115-pHBMI05BDM-pPICOK-pelsl, ##iiAg7E A
770 U/mL, qPCRME A 7TAHN B9 AR, REMKZAMAE S L KB T HATH B AL, RIKHBEEEIRG
£ 2271U/mL. Zakk RIXBEEE €k 3 B AT B AR R GKTE, SLPEEFBIFOER FTHRILHS.

DRV RIR B, RREEE, GAL8 MARIT, AABMABELR (HIS4) @iFlrit, HFELM

Construction and high-density fermentation of alkaline
pectate lyase high-yield yeast

Xiaowen Wang, La Xiang, Ting Xu, Zhenghui Lu, and Guimin Zhang

Bioresources Green Transformation Collaborative Innovation Center of Hubei Province, College of Life Sciences, Hubei University,
Wuhan 430062, Hubei, China
Abstract: Pectate lyase is widely applied in ramie degumming and fabric bioscouring in the textile industry. Compared to
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conventional processes that involve high alkaline and high temperature treatment, enzyme based treatments have significant
advantages in fibers protectiveness, improved efficiency of refining, reduced energy consumption and pollution. Hence, it
would be highly desirable to construct high-yield alkaline pectate lyase engineered strains and reduce the pectate lyase
production cost. In the previous study, pectate lyase gene pel from Bacillus subtilis168 was expressed in Pichia pastoris
GS115 after codon usage optimization based on the vector pHBM905A. To improve the expression level, the vector
pHBM905BDM with optimized promoter and signal peptide was used to express the optimized gene pels in GS115. The
transformant had increased activity from 68 U/mL to 100 U/mL with the improvement in the transcription level by 27%
measured by qPCR. The transformants were further screened on pectin plates, where higher halo forming strains were
picked for shake-flask fermentation and strain GS115-pHBM905BDM-pels4 showed the highest activity of 536 U/mL.
Then plasmid pPIC9K-pels was constructed and electroporated into the GS115-pHBM905BDM-pels4 cells. Subsequently,
high-copy transformant was screened by using the medium containing antibiotics G418, strain GS115-pHBM905BDM-
pPIC9K-pelsl was identified with increased activity of 770 U/mL and the copy number of pels was 7 confirmed by gPCR.
Finally, the activity of pectate lyase produced by GS115-pHBM905BDM-pPIC9K-pelsireached to 2 271 U/mL in a 5-L
fermentor. The activity of pectate lyase in our study reached the highest level of expression in P. pastoris, showing good

application potential in the textile industry.
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R, B HAREAAREN 5AOXL 3+ .
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AHIE G HI ARG SR U5 T A F 2 AT Bacillus
subtilis H Ay FsE RIS pel168 1 SeTE Rt
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& E R 55 C, f&id pH o 9.5, LUEEE N
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PEL168E ff+5F—3(, (HI2 &4 TSk, 76 60 C
R HEE E T & T PEL168E, i WIBEILfkn]
DL i B R 2 % . pHBMOO0SA & TE
PPICOK Ay LAl F 4 RABEE R Kan Ptk kK ik
EE PG| E AT IV o o Wl Oy | W )
Cpo I F1 Not I iR 37 &, If H ¥ jo i+
“Amp'+Ori™ifi A F| HIS4 KL 41 g )08 %
IR SR I T A BRI , e IR AT LA R4
FBRA RRET A 3R H A AL, (ER AL A AR R BT
FE K BTG (R 54 UlmL, S30n A< 3 5 .

AWFFE R R34 pHBMI0SBDM  J&:7E
pHBMO905A L4l 4% 5’AOX1 Ja 3 1 & e i
d1+2x201A0X1, {5 Sk MFo & i, MF41-SSM.,
=HP#RIA pPICOK ., pHBM9O5BDM #il pHBM9O05A
TR ITRL, PRI, pPICOK &4 4H 2
AN (HIS4) Fiidkbric A1 G418 HrbEifiitric ;
TN HEA HISA Fikhric A58ty 1 &
20 JFki pHBM905A-pels 11 pHBM905BDM-pels, £
WZAK 5 3h A5 5 BRI A [F] X & 3Rk &
B2  ; SR )5 I F pHBM905BDM | Ay HIS4 fif
weFric, ¥ pHBM905BDM-pels Hi#44k GS115
P BRI AZ 2 A5 B ) i Ak 30 1 RIS AR 1
A 7 126 AR A0 1 S B 1t 22 4% DL TR PR o ) s Ay e
ZH 50K pPICOK-pels, Hi A% Ak 1o B RE 0 e 15 3|
LR Z P DU PR, JF A G418 i it B4 ¥,
DA 75 31 R 08 o B g B TR, DT A — 25 Ik
P SR G P A 7 BUAS o B S AT B ) R T TR R
A7 v B B AR, A I AR /N e e b 1 7
K-S

1 BREAE

1.1 #MRI5EH
Hitk: KIBHFE Escherichia coli XL10-Gold

&: 010-64807509

VIR . K% AT Rossset Blue (DE3) ik
¥R B Transgene 2y w], SeiREERE GS115 WH
Invitrogen 23 Fl .

B KL . pPICOK g A
pHBMO905AM® | pHBM905BDMM ¥4 Sy A 52 8y 55
i

FrgR k.

YPD: 1%BEEREEEY), 2%EE i, 2%% %)
B, 1.5%30E (RfE).

LB: 0.50%MEEFEHCY), 1%E Tk, 0.5%
NaCl, 1.5%3ifg ([&14).

BMGY : 1%[EERHZHY), 2%% 17k, 0.34%
YNB, 1% (NH,),SOs, 100 mmol/L B§Ea5 2 np
W (pH 6.0), 1%,

BMMY: [6] BMGY, TGl i,

MD: 0.34% YNB, 1% (NH,),SO4, 2%7%i%]
B, 1.5%BUE (F1A).

BIGEE IR AL 1% R, 1.5%35, H
4xI7l BMMY, pH 7.0,

Hrmsr e A meE g3 HIh 40 g/L, K,SO4
18 g/L, KOH 4.13 g/L, MgS04.7H,0 14.9 g/L,
85% H3P0427 mL/L, CaS0,0.93 g/L, MEITE
VW (PTML) 4 mL/LEST,

AR AN SRS . £ 12 mL/L PTML (1 50%
(VIV) 9 H I

P AR FE3E . & 12 mL/L PTM1 A9 100%
) P (B k)

1.2 EFEBEREHKNEE

¥4 8 T Bacillus subtilis 168 1514 5 i ity
FEIR pel AR 4 B8 A e B 2 5 O 2 Ve R A TR AL )
33 pels, 514 F-PL fil R-P1 (55 1) 155
HIIEE PCR =4, 23R A 6E e Rk s
T, DNA B4 8 dTTP £E 12 ‘C4L3 20 min, 15

Invitrogen 73 HJ ,
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F| W/ e Cpo I 1 Not I (kA , AbFT
FRIFETR Fr B pels 23 51 5 2 WD) (288 pHBMOO05A
1 pHBMO05BDM i # , i% £z ) Wy i AL K AT i
XL10-Gold 75 | % 1E s T 20 JiT k7 43 0 i 44 A
pHBM905A-pels 1 pHBM905BDM-pels. 1514
F-P2 il R-P2 (& 1) 1321 B AL R F1 ik 244k
pPICOK [m] bt I BR il 1 N VT EcoR T #1 Not T i
TTHEY), AR R B B %,
WAL KRB FFIE XL10-Gold 5% 4 1F i 25 41
K 44 M pPICIK-pels.
1.3 EREOrBiEk

W LML AL ok L 3 (L R AR RE GS115
SN, &M R 15 kv, HLlE
] 4 ms, B )5, S EIA 1 mL yKFA Y 1 mol/L
DB, B WA R AT G, IR T
MD Vi |, 28 CHiFF AR H .
1.4 FHRIFIESHE R Bk
141 REEYFER

4 A B e R R L A B S RS R

*1 XHHASY
Table 1 Primers used in this study

DB 2, SRR IR R, TR X 7 ) e
R T2 T ) B 35 B85 K MID SR b 1 5 Ak T il
TR - b 28 CHi5%, BB 12 h finid &
BT 25 RS . 2-3 d ), TEFAR
TR 2 1%0 175 ki 5t = H 5L 7R 1k 5%
(CTAB) VA MIF#E 10 min 2547 WAL K i el Y
TE R, 7K PR A R T I A ke 7™ il i 7 B
1.4.2 G418 FLHEEER

W H 5 J5 B R A F% 0.5 mg/mL G418
) MD -4l b, FEFE AL T e R 2 A+
1. 2. 3714 mg/mL G418 ) YPD “F#x |, M
SR T MR A AR KOS, G b AR K e i ()
AR H DR P8 DUEOR Sy, DT it
15 WHERKEBAERBEIRENFSRILM
B i M E

W7 J7 12 2% SCik[12] .
1.6 gPCR M E# KK X E B RIZHI T

RNA 2B 757 1:% 8 TRIzol® Reagent kit,
HE RNA (mg/mL)=40 x ODygo x Fi B A5 R T

Primer name Primer sequence (5'-3')
F-P1 GTCAGCCGACTTGGGACATCAGACACTTG
R-P1 GGCCATTAGTTAAGTTTACCTGCTCCTGCTTG
F-P2 CGGAATTCGCCGACTTGGGACATCAG
R-P2 ATAAGAATGCGGCCGCTTAGTTAAGTTTACCTGCTCC
F-P3 ATGGCTATCACTGTCGGTATTAACGG
R-P3 TTAAGCCTTAGCAACGTGTTGCAAC
F-P4 GGTATTAACGGTTTCGGACGTATTG
R-P4 GTAAGCCTTGTGGGTAGAGTCGTAC
F-P5 CGATATGAACGTTGATGACAATTTG
R-P5 CTAGCTCTAGCCTCTTCTTGAGTTC

Underline represent the restriction sites.
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5 RNA B, BUHRIEM RNA 17554 5% R
CDNA (55— 2%4k . Rk sk ik I TaKaRa
PrimeScript™ 1st strand kit, #iXJ & PCR 177
12 1 TaKaRa SYBR® Green | kit, #4747} 5k
DR 2 35 23— IBESR FH A S B VR R g 2720 ok
NZEL R A2 GS115 IR AY 3-ie H i
ARG GAP, (HJZ HWEREFE AN SR Y
B BN 100% , I FLAH B 22 [A] 3%
iy 25 dL DA ZBTAE 5Y6LAIN

1.7 qPCR 2 B B9 £ E #9+% W&
1.7.1 HREERE S DNA g

& DNA g k2 Easy-DNA™ kit
(Invitrogen), I7E & DNA B JF K4, 4
AgeolAogo 155 T 1.8 B AT T F — 25 19 437 -
172 #HXEERE

1) FruEd gy

PLYESREERE GS115 B Mk (9 35 IR 4 M A
F-P3 fil R-P3 S5|# (3% 1), PCR ¥4 GAP Jt
A ; LA pHBMOO05A-pels “A#i4i , F-P1 il R-P1 (&
1) M54, PCR ¥4 pels 3 [H . [ 4l fk i) GAP
1 pels FBeAr 515 pMD18-T &4, 554k KIGFE
RRZAS, BREMBEHBR. pMD18T-GAP
F1 pMD18T-pels, W5 ¥ B I A4t 00k A o o 53
BOR BT AR (e 2 SO A A0 R 2 2
B GO BRI VR T BRI 5 DL
6.02 x10%(copy/mol) x DNA amount(g)

DNA length (bp) x 660 (g/mol/bp)

PR R AL 10°, 10°, 10°, 107, 10°4
PEU/uL 1) DNA VAR, 433 LA 1 pl &9 B2 s
WA B, LS4 F-P4/R-P4 1 F-P5/R-P5
(F 1) HATHELE L PCRL LS 9865 f PCR
ICHA AL R CEVE AR, BEA BT
K P8 DUEC X BUEAE AR by, v AR 2k

DNA(copy) =

&: 010-64807509

PCR &R hbn et Ze Rt s, AUk
E=107Yslope_q |

2) pels JE PR #5 DB I

DA A pels & DR A9 B2 o T B TR B 256 DR 4
DNA Sy 8 #k , 70 % H 51 ¥ F-P4/IR-P4 FI
F-P5/R-P5 (3% 1) #E179¢06&E & PCR, K152y
Ce [HA AR AR HEMZEH, SR DNA KL H
GAP JE[HF1 pels ZE PR BB G BAR %5 D1 4. GAP
JE DR A B R P B B 35 DR A DL B DL TR A
FE, R R LA GAP ZE [ (1 #5 DU BCRAE AR AR Hh
LR A AR 16 75 DL pels 35 DR SRR AR 3% D1 %K
55 GAP I PR IR A4 UL A HL LRI A pels &
PR 7 SE IR TR L DR 4 b 45 DL

copy quantity p

copy number,, = -
copy quantitygap

pels

18 EEELBE

W = Pe AR EE AT 100 ML YPD Bi 3L,
28 “C. 200 r/min #&PEE; 55 24 h, % ODgoo N 20
LA o BBl T B IR Wi 10045 32 A 5 L KB
W, IR IR Rk 2 L, BAER
41 500 r/min, ES N 4 vwwm, K BORE N
28 C, RHUWIN 25%1 ke K # il pH iy 5.5,
MHmAER N (DO Mk F T = 60%LA 1), R
S E M 4 DO 4EHFAE (3045)%Ff M N
50% (V/V) B HH. 24 ODgoo N 300 2471, {5
1B, R H M ERAER (DO M ETHE
60%LA 1), JFERTINH BEEA TS S RS, M
B IRIEREAC R 25 C, [FER S5 S HEE
S B 12 h FURE I i S il O

2 BEREHH

2.1 ARFIEHEIN RIREGEE S FRIXR G
Fik#kik pHBMO05BDM HAT . pHBM90SA

. cjb@im.ac.cn
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WA A S FE S AR, Kt pHBM905BDM
SN ONTSR Y N R =S Py Rk 7/ R L B Lol VA 3 £
588 o PRI T RIS A 7K A B fe /DN 56 IR R B
4] B/ Bk GS115-pHBMO905A-pels il GS115-
pHBM905BDM-pels [R] i} i#E 4T HEI 75 A,
W% 24 h BUFEERGTG . 2558 (B 1) RIS TH
3 KB, o PRN AR I DA R T 7 Tt T (] B s 3
fei, FIFHZR A pHBMOOSA 235 BB SR e Tt ity
It 68 U/mL, FIFHZ44& pHBM905BDM Fr it Ay
100 U/mL, & T 47%.

2.2 gPCR M ZRKFES A A RIE
T pHBM905BDM ik zk 1A HA B 5k i
J& B LA W A5 5 1K, O T BF9EE 31
PEAbX PEL168S HYKAF N, il qPCR kM
B SRRV b BT B (R Ak o il HR T R B Bk
GS115-pHBM905A-pels FI GS115-pHBM905BDM-
pels B 5. RNA, #F17 % 519 8] cDNA, FEiEfT
qPCR, MRAEAIGE R 27 S AT AN 2L R 6
KA. ZERE (| 2), FIH pHBM905BDM
FIRR R R R R mRNA % ik K

120 -

100

Enzyme activity (U/mL)
& N %
(e} S S
T T T T

[3%]
S
T

—o— pHBM905A-pels
—— pHBM905BDM-pels
3 4 5

2
1(d)
B 1 MAHEREETERKEEERRARE
Fig. 1 The comparison of enzyme activities expressed
by two different vectors.
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pHBMO9O05A W42 T 27%. T MK kG
T 47%, R HEN pHBM905BDM 155
JOR X Gk SR B i PEL168S  FY 2 ik A1 HE AR B 1k
pHBM905A % 5 24 20%.

2.3 REEYTFERGFIZ S NEK

H1 724 pels B:PI A% /A& pHBM905BDM
E 58 IR IR LY 2Rk i S, DRtk FH i A ok
pHBMO905BDM-pels S #E4 75 T A TAE , 15k
2 Sal I ZethAb )5 WAL e AR BE GS115, #4153
MEAL T AR YA b, gl 3 s, ¥

1.4

1.2 |

=)

Expression
o o 2
= o oo

T T

o
o

pHBM905BDM-pels

&
=)

pHBMO905A-pels

2 PFPEIRSIATE T RAREE MRNA Fik/k T LR
Fig. 2 The comparison of the mRNA transcription
levels of alkaline pectate lyase based on the vectors
pHBM905A and pHBM905BDM.

3 REKRMTERTEERE LT

Fig. 3 Screening of the transformants with the activity
of pectate lyase on the plate containing pectin. (A) The
size of transformants as control. (B) The halo formation.
C: GS115 as negative control.
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i 35 HH 1) B K fif BEL X N B PR A 44 O GS115-
pHBMO05BDM-pels4, £ FEI K B K 12 1 7k T
77 A SR T e 17 42 75 %8 536 U/mL
2.4 G418 I iF ik =% NE

¥ 2.3 Hrdi Bk Y R B DL Bk GS115-
pHBM905BDM-pels4 HilfEAEZZ, S AL Sac |
RV B4 Tk pPICIK-pels, B4k =¥k Ali
F% 0.5 mg/mL G418 [ MD “FAl I, SRIEHK
HEFEAL T S 7R G418 R EE B Wi HE i ) YPD F
e b, T 28 CH;3% 5-8 d I8 MEHAL Ty
A ROIR DL o B K24 G418 Y Hk B 45 75 2 4 mg/mL,
W 4 Pl 7R 0 A5 31— bR A K B i 9 e 4 1, A
%k GS115-pHBM905BDM-pPICIK-pelsl, £:4%
R A IR AGL N, 32 DA ok T 7 i e SR e Tl T 4 1 22
770 U/mL.,

4 IHEE G418 THikiE L F

Fig. 4 Screening of the transformants on the plate
with the antibiotics G418. (A) The initial size of
transformants as control. (B) The size of transformants
after 6 days. C: GS115-pHBM905BDM-pels as negative
control.

&2 qPCRMEBRIEREE NI C AT N

25 gPCR MR EBERFEPBHWER
¥ &

F & pels JEDH B8 R e B 56 PR 4 ()
17 real-time PCR J i , il i ofE th e 155t pels
JE DR A HE iR e B S D A TP i 8 DL B, e IR e B
GAP JE[H CyfH 5 & 1k #5 DUBOW B i 1] 5 75
K : y=—3.526 2x+42.204, PCR %%} 1.744, pels
FH C(H SR DU BUE A [ 5 72 R -
y=—3.503 9x+42.179, PCR %(#*} 1.738, " LIFE
H AR AR T R S PCR RICR LT — 3L
M. MR 2 B CEALITAMGEM GS115-
pHBMO905BDM-pels4 H pels A5 D15k 5, Bk
GS115-pHBM905BDM-pPICIK-pelsl H1 pels fi
PULECR T,
26 EEEXRE

T H#ifk GS115-pHBM905BDM-pPICIK-pelsl
(4 2205 S A e, o LR T v R T {1 SR e
fiff i Fe kit — AR . KRR 120 h A2
A, B 12 h BB R T ER FIEEE, 255
K 5 Fn. 4iESH] 96 h B, B AFIHE AN
2 271 UImL, 2 9 B2 I K T T A e 2 e T il 1
1 3 A, HERRBBHH G E R e
SDS-PAGE #0755 A 8] & 12 h UG F g,
I 108 h B FE S B 5 A8/ T, HET H
BT REPLREAR . R T oA R AERE R A IR,
1L /uh (https://prosper.erc.monash.edu.au/) il

Table 2 The C; values and copy numbers of two strains measured through gPCR

GS115-pHBM905BDM-pels4

GS115-pHBM905BDM-pPIC9K-pelsl

GAP 27.140
pels 24.689
Copy number 5.254

26.999
24.078
7.138

& : 010-64807509

. cjb@im.ac.cn
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G M R B S S T 1) B2 B R I 9] v A A e
JrMeERE GS115 1Y N IR 2R I Prbd ARG UIAL Ao
FAMHE 6 55 5. 6 JkiE AT LIF T 96 h I
108 h IIFE AL 2 — 45417, HLVR I U = e 3,
Pz E A (GRHERR) HEAT BT A6 i A& 2E 2
s E AL AOXL, BT AOXL JZ it Py, 16HH7E
Vo TR A B RR A0 AR T 2R A PR, DA
SR ARG R R T B E A, i
TG AR B WU E b

2500 1

._E] 4

52000 ]

z

£1500] ]

£ 1000 -

= - En tivit —160

= 500l zyme activity 110

5 - DeW 120
0

12 24 36 48 60 72 84 96 108 120
Induction time (h)

El5 SRERKMEFBRSNSEERE
Fig. 5 High-density fermentation of P. pastoris with
high yield pectate lyase.

6 SDS-PAGE #&ill &% B £i&

Fig. 6 SDS-PAGE measurement of fermentation
supernatant. 1: 48 h; 2: 60 h; 3: 72 h; 4: 84 h; 5: 96 h; 6:
108 h; M: marker.
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3 Wit

AW A EE T S4Bk pHBMO05A-pels Fl
pHBM905BDM-pels, H:H pHBM905BDM-pels HA
BERE ST HESK, SHREIE pHBM905BDM
SyihRak H W T RE T i s, DRk R
BARFE HWILEHE . RIEFIH HISA BEREbRIC,
¥ pHBM905BDM-pels H1 1k Be ok i £F GS115,
I3 b SRR R REE TR RS B RS T 2
PEDUR G SE N pels AOTERE. FEUCIEAE B, ¥
PPICOK-pels Hi %Ak I i B #k il &5 1) I 32 25 41
JL, I G418 i ik R A B LN AR 3 177 i
25 HR R 0 1 7 BRI R o AR SR I A5 RAIESE TR
FH HISA & 3R B A RUFT GA18 i i XLk v i vk
R R Tl e 7 AR RO I AT Y, A X AR
W, SR T (4 7 ML 68 U/mL 275 & 770 U/mL,
w710 52, NI RIS 248 DU G Ry IRk
e TR AR TR A R

P ILAER, SR IRTERC R Erwinial®
T Actinomycetes™#1 2F #1FF i Bacillus!*®14
V4 B e R T il R IR 3 o R TR R AR B T
Fik, X e RK F L E. coli MK IETE L IPTG
ERFESH, Rx-REBEMREKRZE T W50
R, 5 RE] PTG FHRE B A, BRI T HAE T
A F B AR I R BRI R G ——
CUNT R AR AR BE, BR T HA AR 5 T8
I WAL HERAE T AR S AN, IR R AR IR R
PR AT IES N L AR50 55 . BR AR BT
TR T HENIMNEIL R RIE R, LR
A SRR AR 3, FH mEA] A
MR SNE R R ) 3RE; 5 T % kR, LIE
Fep B AR IPTG AR s 4, A" A #L
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fI%, 4T nT RPLREIR R AV (120 g/L LA
), FIF T ARAE =5 SN R o 3 A 7R R
A THOREER Y R IEIN A |, S5MFaE; fE
P4 5o W E M L, A B IR A
JRARH D, T a0, BB 2
ME R IR #E TIRZ AN R E (1, Blann;
ATl ERARREER (178 mg/L)™ | 2F 4 K iy
(65 mg/L)P? . Mg Wil (630 mg/L)P A I
(63 mo/L)H%E s B R e REAE 7 T A A R 2
R A, I R RO e LB AN P B
F OB E AR TS Y, B nT A e R
(15 gL AIMFEAEE (6 g/L)P iR ok
FEH T (10 g/L)P7%% | il i AN WG A ik 3k 1
M55 KRG 3, AN A RIS E AT ik — 2
e

SR , 1 B8 AR P B L0k A AR SR IRl O - A
%, HERFBEWEM, R Rk MR E T B
A= W85 Bz B3 Fusarium solani f. sp. pisil®ry)
pelB Fil pelC, i JLAEMFFE 3 Z (1) 2K 5 T Bacillus
subtilis WSHB04-02 ft fis 14 5 JIi il 75 GS115 Hr i
£k, Jegpt— RA0 LB, 5403
R R R R e A B S R B B R AR
P2 AR A K B B R T i B . 7E
75 5 B BER FH R I 0 9 B 0 0 A 1 B R
RABIFESI)55 ) (15 PGL B & i
i1 593 UimL. AHIFSE i g 45 21 i g i SR e
Bl PR RARAE 5 L R BERE P B0 Rk KRB T
2271 UImL, BAAKRIRFNTIAHY, (HESREH
U SCHIk 2 18 Y B = kK SF- . P. pastoris 7ELLH
Pt AR Ay W — Rl RN BB I R A H 1 A T, 2
K SR AR - EAAESR AN g, L
SR IR FIRE YR, BN E A R IR R RE
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K EARAG 8 B e SR I PLAE KA FF 1A BL21
(DE3) h4risaikB, HI IPTG S 1 K i
fiti 1% ] 353 4 507 U/mL., {HZ% &3] He R EE Rk %
BT S R  R AT IPTG, HAMLT
RIGF I A S E A, =y s,
it — A5 R B AR, A s R
o 12 DR PR I R T o, e L i ELA 1 T
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