& i % % iﬁ_ %\ Nov. 20, 2014, 41(11): 2198-2207

Microbiology China © 2014 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.140175

ETEETRACNESE K AEFBEERRER T BAL
BREC B BIAT

(1. 116023)
Q. 116021)

§ ZE (A1 RZZEHm K AEFBEYORETFE, Bapdibrik, [FE] AL
EObs K BAFHTHA, HEFAEKEEE GS115 P LA RE, RETTERE. X
BB B A pH 5 A B A SATIRAL, BATALBRAIUIR . A BAT S oL T2 ATt A7, (4
R OB K EFRTHAAEEAT EERFBEFFHBERE., EFEF 0.75%. BA 25°C
pH 7.0 &4 F it AT R BE 43R, BO B K RIAEiAF) 2.2 g/L. KA Ni-NTA F feiisf £ B it
ATSACTT VATF B BT 0 s R . (4538 ) AT RAG)E 69 5 @ B K R e B8 F 5 AR A HF
T VAF) ] Ni-NTA F A=A 3474 25 B 4k,

XiE ®FA¥ K, AT, RELMHKL, 5 F

Expression and purification of codon optimized
proteinase K in Pichia pastoris

SUN Feng-Min' HAN Yan® LI Wen-Li'"

(1. School of Life Science and Biotechnology, Dalian University and Technology, Dalian, Liaoning 116023, China)
(2. Dalian Center for Disease Control and Prevention, Dalian, Liaoning 116021, China)

Abstract: [Objective] In order to improve the production of proteinase K and setup purification
method. [Methods] We first optimized the codons of proteinase K gene and transfered it into Pichia
pastoris (GS115) to realize secretory expression. And culture conditions including methanol
concentration, temperature and pH were investigated. The purification methods, such as ammonium
sulfate precipitation, affinity chromatography, were further optimized. [Results] Through the
optimization of codons of proteinase K gene and cultural conditions, we obtained high-level
expression of proteinase K. The results showed optimal fermentation condition was supplement of
methanol 0.75%, fermentation temperature 25 °C and pH 7.0. The yield of proteinase K was 2.2 g per
liter under the optimized fermentation condition. The efficient purification way is Ni-NTA affinity
chromatograph after comparing with the other methods. [Conclusion] The results showed that
proteinase K can be expressed at high level expression in P. pastoris and can be efficient purified
with Ni-NTA affinity chromatograph.
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122 BERIAHEMEE:  EcoR [/Not |
PUCS57-ProK pPIC9K 1%

pPIC9K pPIC9K-proK

1.2.3 EeFREEERYEE{L: pPICIK-proK

Sal I

1500V 250 Q
57h

GS115
25 uF 30 °C
MD 30 °C 2-3d
124 BENHELFHHFER PCRERE:

200 MD
YPD
G418 (0.75 1.00 2.00 3.00 4.00 5.00 g/L)
YPD 30 °C 3-4d 5¢/L
G418 PCR
pPIC9K

5'A0X-F 5-GACTGGTTCCAATTGACAAGC-3'
3'AOX-R  5-GGCAAATGGCATTCTGAC

AT-3' 94°C5min 94 °C 1 min

60°C30s 72°C2min 25 72 °C 5 min
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126 ERABKWMFESRIE: PCR
5 50 mL YPD
(200 mL ) 28-30 °C 200 r/min
OD¢oo 3.0 1%
50 mL BMGY (250 mL )
28-30°C 200 r/min ODgoo
2-6 10 h
100 mL
BMMY (500 mL ) 28-30 °C
200 r/min 24 h 0.5%
127 EAK K BENE: 2]
(Azocasein)
345 nm
(1
K 20 U/mL 1
37 °C 2 h
0-10 100 puL (TCA)
30 min
100 uL TCA 10 min
12 000 r/min 10 min
345 nm
(2) 50 uL 2%
20 uL 10
37°C 2h 100 puL (0.4 mol/L)
30 min 12 000 r/min 10 min
345 nm
100 uL 10 min
50 uL 2%
1.2.8 SDS-PAGE Hjk: 450 L
1.5mL 1/9 100%
TCA 2h
500 pL 1
Loading Buffer 10 min SDS-
PAGE
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Table 1 The drawing of standard curve

Serial Distilled water Standard enzyme liquid Substrate Enzyme activity
number (uL) (uL) (pnL) (U/mL)
0 20 0 50 0
1 18 2 50 2
2 16 4 50 4
3 14 6 50 6
4 12 8 50 8
5 10 10 50 10
6 8 12 50 12
7 6 14 50 14
8 4 16 50 16
9 2 18 50 18
10 0 20 50 20
129 EMBEFREAR K REZHHMIL: K 1 15 mL
K K Ni-NTA
300 mmol/L
(20 25 30 °C) pH (3.0 40 50 6.0 7.0 (pH 7.5)
8.0) (0.50% 0.75% 1.00% 1.25% 2 15 mL 80%
1.50%) 0.03 mol/L Tris-HC1
1210 ABEEFEAR KHFRL:  SL (pH 17.5) 0.03 mol/L
Tris-HC1 (pH 7.5)
Ni-NTA 300 mmol/L
28 °C 3 15 mL
25 °C pH 40% 80%
7.0 0.03 mol/L Tris-HCI (pH 7.5)
(BSM)
BMGY/BMMY fe = PRI B EA R
YNB (Yeast AL R TR P R
nitrogen base without amino acids) EEiE = PLALE TS B G
50% 50% aifb G i A
pH 1212 FAZEHEEEE K RBEREZ DNA:
K K
BCA 3 1 K
K 2 K ( )
3 K 3
(221 SDS-proteinase K
1211 ZEBME KIS BELHEK: 3
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200 pL ( 247
12) 10 uL K 5 min
37 °C 30 min - 1
- 2 12 000 r/min 5 min 2.2 EEEFRIAHK pPICIK-ProK AIHgE
-80 °C EcoR 1 /Not I PUC57-ProK
30 min 12 000 r/min 10 min pPIC9K
70% 2 60 uL  pPIC9K pPIC9K-ProK
TE DNA EcoR I /Not I ( 2
1200 bp K
2 RS54 pPIC9K pPIC9K-ProK

21 ERBTFRIML

1 GAATTCRCTCCAGCTGTIGAACARAAGATCTGAAGCTGCTCCATTGATCGAAGCTAGAGGT
1 E F . P A V EQ R S E AL AZPTILTITETU AT RG
61 GAAATGGTTGCTAACAAGTACATCGTTAAGTTCAAGGAAGGTICTGCITIGICTGCITIG
21 E M V A N K Y I V K F K E G S A L 5 & L
121 GACGCTGCTATGGARARAGATCTCTGGTAAGCCAGACCACGTTTACAAGAACGTTITCTCT
41 D A A M E XK I 5 G K P D HVV Y KNV F 5
181 GGTTTCGCTGCTACTTTGGACGAARACATGGTTAGAGTTTTGAGAGCTCACCCAGACGTT
61 G F A a2 TULUDEUNMMMVIERVYV L RDZAZUHUEPTUDV
241 GAATACATCGAACAAGACGCTGTTGTTACTATCAACGCTGCTCARACTAACGCTCCATGG
81 E ¥ I E @ D A V VvV T I N A B @ T N A P W
301 GGTTITGGCTAGAATCTCTTCTACTICTCCAGGTACTTCTACTTACTACTACGACGAATCT
101 G L A R I 5 5 T S5 P G T S T Y Y Y D E 5§
361 GCTGGTCAAGGTTCTTGTGTTTACGTTATCGACACTGGTATCGAAGCTTTGCACCAAGAG
121 A G Q 6G 5 C VYV I DTG IEHDS ABDTLHOGQE
421 TTCGAAGGTAGAGCTCARATGGTTAAGACTTACTACTACTCTICTAGAGACGGTAACGGET
141 F EGRAZAQM UV KT Y Y Y S S RDGUN G
481 CACGGTACTCACTGTGCTGGTACTGTIGGTTCTAGAACTTACGGTGTTGCTAAGAAGACT
161 H 6 T HC A G TV G S RT VY G V A K KT
541 CAATTGTTCGGTGITAAGGTTTTGGACGACAACGGTICTGGTCAATACTCTACTATCATC
181 Q L F 6 VvV K V L DDUHNG S G Q Y S T I I
601 GCTGGTATGGACTTCGTIGCTTCTGACAAGARCAACAGAAACTGTCCARAGGGTGTTIGTT
201 A G M DF V A S DXUNUNU RIUNTGCGCEIEKGUV V
661 GCTICTTTGTCTTTGGGTGGTGGTTACTCTTCTTCTGTTAACTCTGCTGCTGCTAGATTG
221 A 5 L 5 L 6 G G Y 5 5 5 V N 5 & & & R L
721 CAATCTTCTGGTGTTATGGTTGCTGTTGCTGCTGGTAACAACAACGCTGACGCTAGARAC
241 Q 5 5 6 VvV M VvV A V A A G N NNS&ZTUDUBAZTR RN
781 TACTCTCCAGCTTCTGAACCATCTGTTTGTACTGTTGGTGCTTCTGACAGATACGACAGA
261 ¥y S P A S E P SV CTVV G A2 S DR Y DR
841 AGATCTTCTTTCTCTAACTACGGTTCTGTTTTGGACATCTTCGGTCCAGGTACTGACATC
281 R S S F S N Y G 5 V L DI F G P GTDI
901 TTGICTACTIGGATCGGTGGTTCTACTAGATCTATCTCTGGTACTICTATGGCTACTCCA
301 L 5 T W I 6 G S TR S5 I S G T S5 M a T P
961 CACGTTGCTGGTTTGGCTGCTTACTTGATGACTTTGGGTAAGACTACTGCTGCTICTGCT
321 H VvV A 6 L A A Y L MTIL G XK TTOAZ A S &
1021 TGTAGATACATCGCTGACACTGCTAACAAGGGTGACTTGTCTAACATCCCATTCGGTACT
341 C R Y I 2 DTUBAWNJIZ KTGU DTLS NI PF G T
1081 GTTAACTTGTTGGCTTACAACAACTACCAAGCTCACCATCACCACCATCAC TANGCGGCC]
361 Vv N L L A Y N N Y Q A H HH HHH * an n
1141

1 #fEnERl K EEFT
Figure 1 The proteinase K gene sequence of optimized condons
EcoR I Not I 6

Note: Boxed sequences indicate restriction sites ECOR 1 and Not [ ; Underlined sequences show 6xHis-tag.
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bp M1 2 3  bp 4 4A 10
2.2
%88(0) 1200 kb ( AOX1 )
1 700 bp [ ProK (1 200 bp)
Flanking AOXI1 (492 bp) ]
2.2 kb
AOX1 500 bp
Flanking AOX1 (492 bp)
2 ELHERHL pPICIK-ProK BIEGHIIGIFL F
Figure 2 Analysis of pPICI9K-ProK digested by PCR 2 AOXI1 2.2 kb
EcoR I/Not I pPIC9K-ProK
M DL2000 marker 1 pPIC9K-ProK 2 EcoR I/
Not [ pPIC9K-ProK 3 EcoR I/Not [
pPIC9K

Note: M: DL2000 marker; 1: pPIC9K-ProK plasmid; 2: Digestion
of pPIC9K-ProK plasmid by EcoR I and Not I ; 3: Digestion of
pPICIK plasmid by EcoR I and Not I .

2.3 FHEEE GS115-ProK PR S NEE{LF
Y ik

200 MD ( 3)
G418 (0.75 1.00 2.00 3.00 3 G418 FRit S ¥ MPAEEEILF
400 5.00 g/lL) YPD Figure 3 Screening of high-copy positive transformants
by G418
pPIC9K 17 5g/LG418  YPD .
6 Note: A: The growing condition of the transformants on YPD
medium without G418; B: The growing condition of
pPIC9K (AOX-F/R) transformants on YPD medium containing 5 g/L G418.
A
B
bp M1 2345678 91011121314151617  bp bp M 123 456 bp
2 2200 2200
l 288 1700 2 000
500 490
4 F{LFH) PCR &2
Figure 4 PCR amplification analysis of positive transformants and negative control
A M DL5000 marker 1-17 pPIC9K-ProK PCR .B M DL5000 marker 1-6 pPICOK PCR

Note: A: M: DL5000 marker; 1-17: PCR amplification of pPIC9K-ProK transformants. B: M: DL5000 marker; 1-6: PCR amplification
of pPICIK transformants.
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2.4 SDS-PAGE Ejk4#7 kD M 1 2 3 kD
144 h
450 pL 100% TCA
SDS-PAGE 5 5 50 —
pPICI9K-ProK 29 kD 37
K
| — 29
pPICgK 25 — .. -
K
o A Lfs T o R 16 — .
25 EIABSSEEHRMKL
8
pH
120 h K 5 EABKMNFRRE
Figure 5 The SDS-PAGE analysis of proteinase K
expressed by yeast
120 h 6 M Marker 1 2
6 pH 7.0 25 °C 3 K ( ).
K Note: M: Protein marker; 1: Supernatant of negative control; 2:
Supernatant of positive transformants; 3: Proteinase K purchased
0.75% from TaKaRa biotechnology (Dalian).
A B
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21l 2
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Figure 6 Effect of induction time (A), inducer concentration (B), pH of medium (C) and induction temperature (D) on
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26 AREEEFEAR K RIA kD
28°C pH 7.0
0.9 V/(V-min) 330 r/min 16 h
DO 443 ——
ODg0o 20 29.0 ——
20 min
DO 35%
20.1 ——
K
2.2 g/l
27 EEBKHSBESAL
3 3
a E7 ZEAlE KRl
. Figure 7 SDS-PAGE analysis of purified proteinase K
Ni-NTA b M Marker 1 2 3
80% Ni-NTA Note: M: Protein marker; 1: Supernatant; 2: The penetrate peak; 3:
Elution peak.
c
40% 80% K
K K
2
2 2.8 FIAZEAN K IZERELH DNA
Ni-NTA K DNA
84% 3 Azs0/Azg0
175 U/mg 1.6 DNA
K K Azs0/Aaso
- 1.8 DNA
- - K K
Ni-NTA 3 is‘h‘g%
SDS-PAGE K
7 7 K
*2 ARSBANFERERELELR
Table 2 Comparison of yield and specific activity of K Gunkel
different methods for purifying K
Yield Specific activity
Methods (%) (U/mg)
a 84.0 175
b 60.5 178
© 72.3 66
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#* 3 DNA HREINRIIE

Table 3 Ultravlolet absorption of DNA specimen

Methods Samples Aseo Asgo Axso/Azs0
K 1 0.137 0.088 1.567
Without proteinase K 2 0.770 0.487 1.581
3 0.527 0.349 1.510
K 4 0.153 0.086 1.779
With proteinase K 5 0.421 0.233 1.807
6 0.270 0.153 1.765
K 7 0.455 0.248 1.835
With recombinant proteinase K 8 0.487 0.271 1.797
9 0.395 0.224 1.763
K . .
2 % X M
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