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Heterologous expression and optimization of Debaryomyces
castellii phytase gene in Pichia pastoris
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Abstract: [Background] Phytic acid is an organophosphorus compound which are widespread in plant
tissues. It can chelate nutrient elements such as metal ions and protein in plant tissues, making them unable
to be absorbed and utilized by herbivorous monogastric animals. The phytase can effectively catalyze the
hydrolysis of phytic acid. [Objective] In order to promote the research and industrial application of
Debaryomyces castellii phytase, we constructed a recombinant strain that heterologously expressed
Debaryomyces castellii phytase in Pichia pastoris. [Methods] The phytase gene from Debaryomyces
castellii was optimized and transformed into Pichia pastoris GS115. The high expression strain was
obtained by screening copy number, knocking out proteases, and co-expressing molecular chaperones and
transporters. [Results] The enzyme activity in the fermentation supernatant of the recombinant strain
GS115/DCphy(APep4)(BFR2) is 7 times that of the low-copy strain. [Conclusion] The results can provide
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some guidance for the heterologous expression and potential industrial application of Debaryomyces

castellii phytase.

Keywords: phytase, Pichia pastoris, Debaryomyces castellii
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Y. HOFFEARIE , AR AT [R]RDRL P A 1 A A
MATERT, FERARIETE, IS na s EE o
BOKAE AR A R ™, S S E SRR
BAMELENRZ—.

FIMR I (Phytase), SRR /S WERR K A g, 2
— R ABNE A T ARLIR L2 FLAh 2 Wy oK figf A= UL A
WERR A SR, F T IZAE T R A8 | wi &
TRl s 9 T A R R 1T LA AT S8R PR ) B
YERT, BmahPr oo | 0 BULR | EARSE
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R e R Tl SC R AT 17 — P EL A 52 K fit g
I REIRREG, HARSP S E A 1 383 bp, FiE
SrFith 51.2 kD, HRIE R EE N 68 °C, itz
pH K 2.5-6.5, REGE/KIFAERRER >+ 20K
U, Ragon %%} DC Phytase #4171 &5,
I BILL Poapy Paoxs WA BT, DIEEIREERE
X33 i AL T T SRR  TEX RIS
RS, REEREKE T, &% GAP B8l FIWE
HEr~ R 16.5 U/mL, & AOX1 J&3 3 FRYH 4
FEHEN 467 UL, 25 S5t Ay, %A R
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1 MRSk
11w
111  EHRFARAL

KIAFF R SZ A5 ANME DHS o, BEAHEZEAH; B
Wb SRR GS115 (His™, Mut )FIZ{A pPICIK,
Invitrogen A w5 & HFERER Mad Rb B
s B 1 Ok S A AT A A
112 EREFERRATFLE

483 YPD, MD. BMGY. BMMY #fikg
TR RBREUI B, YNB, EWR,
Solarbio 24 H] 5 BRIITEAZIR N VIl Pme 1. Kpn 21,
Thermo Fisher A H]; 2xTag Master Mix, Vazyme
NFEl BN UIEE Endo H, Novoprotein 23 H];
Gibson XU Bt iZE#:1A5]&, NEB A H]; Cycle Pure
Kit A1 Gel Extraction Kit, Omega 23] ; ki
TR T RERE DR A R BB &, RARAE AR (L
FOABRAF; 2N E %R (Ampicillin, Amp)., #i
R AR % & (Kanamycin Monosulfate, Kana), i#tfs
% G418, Mi/RIE R (Nourseothricin, NTC),
Solarbio 2\ w] o HAth i1 1214 [ 77 o M el s Ak 2 4
PCR %, BUINAHERECABRA s SAMAT WL
JERETE,  RHESEREIRAERATBRA F] s BERCURAN,
Bio-Rad A F]; pHit, BEH{Uas F#EABRA A
HLIKAR, JEs i —A R A PR A v
1.2 FH&
1.2.1  FikFHIKRHE

R s B8 AR B R 2 RS - i A DC phytase,
HIEERE I A5 i, IR sekE =AU pUCST,
515 F 1 fisR. L DC-F. DC-R 514,
L pUC57-DCphy Jivki Al PCR Y™ 1 4k Uik 5
() DC phytase 3741 ; L pPICIK-F . pPICIK-R
A5, Lh pPICIK Bk it PCR 41 3R HUE
1A pPICIK, 1% S5UIR Bl BE MC R UK B8k I [ i PCR
77 A8 Gibson U Bt i% #1208 &4 DC Phytase
FrBetS pPICOK #MAE T+, 4 ML=
KIAFF R Z 410 DHSa, i LB “FH(ET Amp

£ 1 HIEHEPCRIIYFET

Table 1 PCR primer sequence for constructing vector

Primers name Primers sequence (5'—3")

pPICOK-F CATCATCATCATCATCATTAATTCG
pPIC9K-R AGCTTCAGCCTCTCTTTT

DC-F ATGGTCTCCGTTTCCAAGTTG
DC-R AGAGTTAATCAAAGAAGCTGTGT

100 pg/mL)BEATfi%E, 37 °C 553534 %5 PR A T
RHFI R LB WA SR T 5%, BRI R
37°C, FEIRFEHE N 220 r/min, BB S MER YY)
ORI , SR A S TR Ok, 155 5
HF KA pPICIK-DCphy .
1.2.2 B8k

PR L YPD ARl 4 idi A it BE R B GS115
HATEHVE, $EFPT 5 mL YPD WiARE SRS, 30°C,
220 r/min ¥EFEAR, % 1%EMEHEZE 30 mL
YPD W AR5 325,30 °C K535 5 ODgoo 117 0.8-1.2,
A3 1 mL FIR R B0, 8 500xg 5.0 1 min WidE
FR, WA 1 mL B 100 mmol/L BEFREE,
0.6 mol/L 111%LE% ., 10 mmol/L Tris-HCI, 10 mmol/L
DTT), RA) G ERHHE 30 min, #&H%NE
8 500xg 50> 1 min YA, JFH 1 mL F Y
1 mol/L 1A E & 3 WK, i &M A 55 uL ¥ 1 mol/L
DR PR AR, R FHRAE . JRZ 25 4 M i) £
SERUR , AR 1.5 ug Zead Kpn 21 e ALAL B
H4H Fki pPICIK-DCphy & 25 2 4 Fiki pPICIK,
IRATG VKIS S min, A ZE 0.1 cm JCH BT
mifr, WfmER 1.5 kv, BEisEmE A
1 mL #i& A9 1 mol/L INAYEEA R E AR, WHE &
WELWELE, SRHAEHE 2h, 8500xg &
O 1 min WCAE IR, BUH 800 wL ¥ i BB A,
%A T MD A, 30 °C B59% 72 h L5 4 K
T
123 ZHERNBFHIE

76 MD EAR EA 2 mL TG K BE R BT 7%
WCAEVEL W, MIE ODgoo JE 4 HAFRGFEZE ODgoo
N 1.0 MENTHERRR . KB R 10 £5)5 435I
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HL 100, 200, 300, 400 pL %4 T AR G418 He
() YPD V-4 I, G418 Wk BE AR5 Bl 0.25.0.50,
1.0, 2.0 mg/mL. 30 °C ¥53% 3-5d, WEHEEEK
T

124 AXEFS

PRBOARTR] G418 MRBEMY YPD AR HLEA TS, #2
FiZ 5 mL YPD WAARKE SR Amp 100 pg/mL F
Kana 50 pg/mL KAHRN YPD “F-H ) G418 HREE),
e BOG418 W JE 4y Bk B W MR T O
GS115/DC-0.25-1, -2, GS115/DC-0.5-1, -2, -3,
GS115/DC-1.0-1, -2, -3, -4, 30°C. 220 r/min ¥;
7% 48 h J5tk 1% Mm% % 30 mL i BMGY
K32 BE(& Amp 100 pg/mL Al Kana 50 pg/mL),
30 °C. 220 r/min #5355 24 h, F4% 1% R
% BMMY (% Amp 100 pg/mL F1 Kana 50 pug/mL)
Rige¥k, 26 °C, 220 v/min fIKIRIAE S 5595 216 h, If:
BERE 24 h AT 0.5% (IARFRA3 5020 H %

1.2.5 BE§ERIME

W £E A 2R, 8 000 r/min B5.0> 30 min, B I
TH I E B . I iR ( GB/T18634-2009 1l
PR TR T 5 P PO 0 2 - e BE 3 ) U o o I
fifg 1% B E XN s 37 °C 1 pH 5.5 44 F, B4r4h
M\ 5 mmol/L fFEERENTE W H 7K fi# 1 wmol ToHLEE T
e B 1 ANERTE AL, LU 3R0R.

1.2.6 SDS-PAGE R E#EEL4IE

K% 13 5 5xLoading Buffer JE41 5 il /K 5
# 20 min, 12 000 r/min #5.0> 3 min J5HEE AT
SDS-PAGE 43# .

FWEIACAD IR Tk R I 1 e B 1 AR M 27
M (8 0.5% SDS, 40 mmol/L DTT)H 2 3 10 min,
4 S0 % R Novoprotein 16 Fc i Endo H JZ
MIEZ, T 37°C KiBHEEE 2 h.

1.2.7 EBMAER

SR CRISPR/Cas9 X HEFREERETE 11 A
IS BE R pep4 E I B ZRiSRE[A prbl JE1TRERE -
g 53 JBTORL Ay S I 5 M R R, AR 8RB
sgRNA 7£ E-CRISP (http:www.e-crisp.org/E-CRISP/)

S AT, ASCIEHEER pepd. prol Y
sgRNA J¥51 U3k 2 Ui/ . Ur A Donor DNA AR K
SEIR R ARAT o W IR A BRSO RE GST15 f
Jk BRI ZE T YPD FAR, 30 °C #5346 5595 2 d Je
PRECA T Y5 BAD T 5 mL YPD IR R 3E(H Amp
100 pg/mL Fll Kana 50 pg/mL), 30 °C. 220 r/min
Figr 48 ho W2 mL B T 12 000 r/min £5.0>
1 min, WEER 35 5 A1) P BB DY 2 4 BRG] £
R IR EERERE R 20 DNA; AR BE R e B L ]
ZH MR, LA Pep4-Up-F/Pep4-Up-R . Pep4-Down-F/
Pep4-Down-R N5|WP 1 peps FEAE B, LA
Prb1-Up-F/Prb1-Up-R. Prbl-Down-F/Prbl-Down-R
NGV prol FeAVE B, BB 3,
SRR W2 4, PCR B 451F: 95 °C 10 min;
95°C30s, 55°C 15s, 72 °C 1 kb/min, 30 M ;
72 °C 4 min, i Cycle Pure Kit [A]ff PCR § 14 =4
SRR | NG B S S S = N 1
Pep4-Up-F/Pep4-Down-R A5 WX} pepd 7oA F
Bk 11RE4, DA Prbl-Up-F/Prbl-Down-R N 5| 4%
prol e BOlATRG 1% SR B R I H Tk
B UEI S S P, 3RIL pep4. prbl 1) Donor
DNA Fr B, % 500 ng @Bk 5 1 000 ng Donor
DNA i Bod i A% 1) 77 AL R A 2248 DL e A
PL YPD A (75 G418 0.5 mg/mL FI NTC 100 pg/mL)
P TIfE . 30 °C 1557 3 d, WIERRTE A KIS DL, PREL
PAEHTEEAN R YPD WIARE SR (S G418 0.5 mg/mL)
B3R, JF AL A IR0 R BR BORL i AT Bk o R
Bt 25 3 AU RIRIEST YPD (7% G418
0.5 mg/mL)¥|£k, 30 °C HFRERNHAEES, %
IR TP EAT YPD SPARGEED, DARHIE R 15 2
K AET NTC BYPAl A K MAEA S NTC HY-F-
B b AR A TR BRI g IS 2 P RS TR

% 2 sgRNA 57

Table 2 Sequence of sgRNA
Sequence name
Pep4-sgRNA
Prbl-sgRNA

Sequence (5'—3")
GCTGAGGCCACATCGGAGCC
GAAGTTGATGCCAGCAGCGA
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% 3 Donor DNA F EZ3KERAT PCR 5141551

Table 3 PCR primer sequence of getting the donor DNA fragment

Primers name Primers sequence (5'—3")

Pep4-Up-F AGAAGCGAGTTTCTCCGTAT

Pep4-Up-R CTTTAAATTGATTATCAGTAATTGAGAAAT

Pep4-Down-F ATTTCTCAATTACTGATAATCAATTTAAAGGGAAAGATCACCTGGTTG
Pep4-Down-R ATTAGTTGATGATTGTCTGAGAC

Prb1-Up-F AATAACTTCATGACTGCATTTG

Prb1-Up-R AGTTTAAATAATATGGAGATTTGTTTG

Prbl-Down-F CAAACAAATCTCCATATTATTTAAACTCGCTCCAGGTTTAAACATTC
Prbl-Down-R GAATGTGAAATTCCAAGAATTG

% 4 Donor DNA FEZZRENAY PCR MK &

Table 4 PCR reaction system for obtaining donor DNA
fragments

Component Initial concentration ~ Volume (uL)
Genomic DNA 20 ng/pL 1

Forward primer 10 pmol/L 1

Reverse primer 10 pmol/L 1

Tag Master Mix 2x 10

ddH,0 Not applicable 7

128 HFHESHEZEANETRIX

MR 2 11 6 o R TRT AR 5 2 R 2 R, T TR AR
GS115/DCphy(APep4)Hr, TEIGER 73 Xf 5 AR B
BEATWARERN S RS %isER
BFR2. CUP5. HACI. SSEl. PDI, BiP #f7id %%
ik, g TFEE M GS115/DCphy(APep4)(BFR2).,
GS115/DCphy(APep4)(CUP5) . GS115/DCphy(APep4)
(HAC1).GS115/DCphy(APep4)(SSE1).GS115/DCphy
(APep4)(PDI), GS115/DCphy(APep4)(BiP). Tk
TR 5 5% 08 8 A ORI pGAP, H S
B = AT BT AL TURLZE Pme 1 2 {L AR R
J HLUFG B 1 I8 R BR B #R - GS115/DCphy(APep4)
H, DL YPD (7% Amp 100 pg/mL  Kana 50 ug/mL .
G418 0.5 mg/mL FI NTC 100 pg/mL)#EFTiidk,
30 °C }i7% 3 d o MBI AR KB L, FREBUE KR
R R ERTVR A TREIS S I o P TRk PR
AP 2 S mL A9 YPD WAAREFREE( Amp 100 pg/mL
1 Kana 50 pg/mL), 30 °C. 220 r/min 3% 48 h &,
P 1% R HERE % 30 mL () BMGY 553835 (5

Amp 100 pg/mL F1 Kana 50 pg/mL),30 °C 220 r/min
Hid% 24 h, PHZ 1% RE S BMMY ik
H(% Amp 100 pg/mL Fl Kana 50 pg/mL), 26 °C,

220 r/min fRIRES R 216 h, FF4:F 24 h #Min
0.5% (PRFR 53550 28 HH et

2 HR54H
2.1 pPIC9K-DCphy 7EEEFREE B GS115 YT
EREBFS

S AN A G418 M B % H 41 44 pPICOK-
DCphy 7EERAREEBE P EA T L , 8 AN [R]5R BE iHe
PR IR K e DUBCRIBT A Rl Y B2 7, LUK
FrRIA i FRS SR bR P ARTES 9% 3-5 d
Ja, ANEMEE0.25, 0.50, 1.00 mg/mL)f) G418 -
We 394 FAEETE LR ), 2.00 mg/mL G418 4514 F
TCEKRTEGER 5), 1 HAPAR % A SR
WP R T s /b o PRIBGRR 20 B R A T R R A I8
Y TR I (B DS R R PR GS115/DC-0.5-1
fifgiG fe s 7.8 U/mL, BAR#E DL E#R GS115/DC-
0.25 #2249 3 .

*5 AFE G418 RETHEELIT
Table 5 Colony statistics under different G418 concentration
G418 Hef [CREISES

G418 concentrations (mg/mL) Total number of colonies

0.25 239
0.50 22
1.00

2.00
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Phytase activity (U/mL)
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G

1 TRiEEHRAE L EREEERN

Figure 1 Detection of fermentation supernatant enzyme
activity of screening strains

. GS115/9K Wk Azs 8k ik pPICOK O R E#E; 0.25-1,
0.25-2 47 0.25 mg/mL G418 254 B i i i 4 5 0.50-1.,0.50-2
0.50-3 27 0.50 mg/mL G418 &4 F Iy i &bk 5 1.00-1.,1.00-2 .,
1.00-3, 1.00-4 & 1.00 mg/mL G418 41 15 e @ik

Note: GS115/9K is the starting strain transferred into the empty
vector pPICIK; 0.25-1 and 0.25-2 are selected strains under the
condition of 0.25 mg/mL G418; 0.50-1, 0.50-2, 0.50-3 are selected
strains under the condition of 0.50 mg/mL G418; 1.00-1, 1.00-2,
1.00-3, 1.00-4 are selected strains under the condition of
1.00 mg/mL G418

Xt & W I UEAT SDS-PAGE 404, &l 2 4%
REREASFEZN 80 kD, KF DC Phytase
A PEIEME 51 kD, i T EROR R GS115 HRAETEE A
WEEA I R e, e H 5 ny 2B AT e th T
W R  ir B0, X LB IR ) A TR A 7 1
T (http://www.cbs.dtu.dk/services/NetNGlyc/), &
BHAFAE 6 MBTER) N-FHIEALAL S (8 3). FfiJS
FFBEE N VIEE Endo H X & T b 15 B UEA T 20
HALAL IR, SDS-PAGE il 25 R (& 4) B on Zoi 5L
Ja BYEE 143 F 8475 KT DC Phytase FEEE (51 kD).
Ragon 25! FI| I 5e g BB X33 %F DC Phytase i/
17 IR RIBIY, 3R V2 N DI Endo H JH
AL FESS 43+ 55(55 kDYWL R THISME, fhfilzs
B % B DC Phytase B T N-BHILALAL 550,
AFAE 4 IBTERY O-WHIALAL S o FRATHEN, 7
SRRIBR SR, BEaREERERTREX) DC Phytase

A A S
DR LR T LRLR T NN AN N
CLOL L L L L
\‘7\0 \‘3\0\‘3\9 \‘7\9\‘7\Q \‘3\9\‘7\9 \‘3\9 \‘7\Q
NN SAN SHNTEN SN AN RN SN
D M EPEFTEEFEEE &S
180 —
135=
100— == -
75— -
63— =
48— w-

2 TRIEE R LB LE#R) SDS-PAGE

Figure 2 SDS-PAGE of fermentation supernatant of
multi-copy screening strain

Note: M: Protein Marker.

= NetNGlyc 1.0: predicted N-glycosylation sites in sequence
5 - - Threshold
g 1.00 — Potential

£ 0.75

= 050r -7 -7 ——|-— - — a4 - =t
>

‘o ]

% 00 50 100 150 200 250 300 350 400 45
Z. Sequence position

3 DC Phytase N-#EE (L4 S 70
Figure 3 Predict the N-glycosylation site of DC Phytase

kD M 1 2
180 —
135 —
100 — .

D
75— -—

63— w—

48 — —

4 DCphytase 2 Endo H #3251 SDS-PAGE
Figure 4 SDS-PAGE of DC Phytase supernatant after
Endo H treatment

F: M: #E[H Marker; 1:
DC Phytase

Note: M: Protein Marker; 1: DC Phytase; 2: Endo H-treated DC
Phytase

DC Phytase; 2: % Endo H 4b3f

PEAT T N-WEEAL AT O-WEEfL 2 FhbEELAL, T
Endo H {XRETE N-WHEEALAL i BEATOIH], ABEX
O-WEIEAL AT AL PR, DR ke 733 A O 1) S IR T o
SARBIH R O-BEAL A C .
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LG et AR E 4 DC Phytase 7F 56 R [HHE
GS115 sk, FHAEAMPN A — R RS
A&, ¥4tk IS LR bk aw 44 0 GS115/DCphy o
2.2 EEMRRERNIES AR

B 43 995 07 196 TR Bk GS115/DCphy Y 2E F il A |
B (4TSI pep4. prbl, AEEEEE P TGREG HbE
GS115/DCphy(APep4)Fi1 GS115/DCphy(APrbl), %
L A2 T 5 S 6 G 0% A 25 R (1 5) S, MR T
HR R, HERE O A S EHE R TI4 97%, &5
R 2K 1 BT S R T2 12% AW 5T 45 1]
i 5% 25 F i A A ) FAE 4L DC Phytase 78 58 o g+
HR SRR R A o AR SR BT A O AR MR i 44 R
GS115/DCphy(APep4).

23 ARESFHEEREEREHKNES AR

AT AT AR S0 B R R S IR AR T A A i
HER B 552 8 11 (BFR2 .CUP5 \HACI |
SSE1. PDI. BiP)!"", 7EEi#k GS115/DCphy(APep4)
H o ATk 2Rk . B SE R 6 PREAA

200 -

H

150

HH

100 -

Phytase relative activity (%)

0 1 1 1
GS115/DCphy APepd APrb1

B 5 ZEOBRMRERAELLEHEEERN
Figure 5 Detection of enzyme activity in fermentation
supernatant of protease knockout strain

1. GS115/DCphy A B i1 #4245 DL 14k ; APep4 ., APrbl
g B AR T B4 P B O TR

Note: GS115/DCphy is the dominant multi-copy strain selected;
APep4 and APrbl are constructed protease-deficient strains

Pk, DL YPD B3 A SR . L BMMY B
TR RSN TIR T LW, #2855 216 h
Je BUR T b3 A TS U 2 B2 SDS-PAGE 43T
H AR A I R RS A (Bl 6) S SDS-PAGE
SR (B DEER BN, UL KIS BFR2 WG FiE
WIS N o A R s A 4 T, B TE RO
& 24%, %15 U/mL; Tfiid#ik CUPS, HACI,
SSE1 A TR AR LI VR S 2 11 28 3k e B0t B DA bk
FEATCH AL ; 123K BiP. PDI BB LI
il % B AR 1 ARk it T ORI B Y AR SRS
45K W], BFR2 TEfE dF R AR B: GS115 S kiA
43 DC Phytase J7 TH-HA HAFIRCR .
3 WikE4w

T R Il DR n R 3 vy g A 2 2
W2, RN B R R T R 22 A R il ) 8 S B
TRk A = I AR R 43 T 3 78 65 1R R IR
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Figure 6 Detection of enzyme activity in fermentation
supernatant of strains co-expressing molecular chaperone
and transporter
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Note: APep4 is the constructed protease-deficient strain; BFR2,

BiP, CUP5, PDI, HACI1, SSE1 are constructed overexpression
molecular chaperone and transporter strains
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Figure 7 SDS-PAGE of fermentation supernatant of
strains overexpressing molecular chaperone and transporter
Note: M: Protein Marker
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