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Development and evaluation of a novel method for rapid
screening of Pichia pastoris strains capable of efficiently
expressing recombinant proteins

Yongan Chen, Qingyan Yuan, Cheng Li, Shuli Liang, and Ying Lin

School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006, Guangdong, China

Abstract: Pichia pastoris is one of the most widely used recombinant protein expression systems. In this study, a novel
method for rapid screening of P. pastoris strains capable of efficiently expressing recombinant proteins was developed. Firstly,
the ability to express recombinant proteins of the modified strain GS115-E in which a functional Sec63-EGFP (Enhanced
green fluorescent protein) fusion protein replaced the endogenous endoplasmic reticulum transmembrane protein Sec63 was
tested. Next, the plasmids carrying different copy numbers of phytase (phy) gene or xylanase (xyn) gene were transformed into
GS115-E to obtain recombinant strains with different expression levels of phytase or xylanase, and the expression levels of
EGFP and recombinant proteins in different strains were tested. Finally, a flow cytometer sorter was used to separate a mixture
of cells with different phytase expression levels into sub-populations according to green fluorescence intensity. A good linear
correlation was found between the fluorescence intensities of EGFP and the expression levels of the recombinant proteins in
the recombinant strains (0.8<|R|<1). By using the flow cytometer, high-yielding P. pastoris cells were efficiently screened
from a mixture of cells. The expression level of phytase of the selected high-fluorescence strains was 4.09 times higher than
that of the low-fluorescence strains after 120 h of methanol induction. By detecting the EGFP fluorescence intensity instead of
detecting the expression level and activity of the recombinant proteins in the recombinant strains, the method developed by the
present study possesses the greatly improved performance of convenience and versatility in screening high-yielding P. pastoris
strains. Combining the method with high-throughput screening instruments and technologies, such as flow cytometer and
droplet microfluidics, the speed and throughput of this method will be further increased. This method will provide a simple
and rapid approach for screening and obtaining P. pastoris with high abilities to express recombinant proteins.

Keywords: Pichia pastoris, high-throughput screening, recombinant protein expression, endoplasmic reticulum marker protein
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AL, 5 g S s el A B A B A (37 25 g L SR T
BEDRZH N HAT = A PERAZ R DNA (Ribosomal
DNA, rDNA)TH T 52 PR &5 #% DL FE bk Ay bl ok g 78
S0 o AR IX T AT AR PP AR 3 1 ) i
AT S A58 ) s P D TR E A s A R,
gi b, BRMBER R —FaE L P H v b O
T 2 AU R IR T 2 R R AR R T AR I T

DA JBT IO 2 4 5 LA A M A A0 Y EE A
M, FEEE BTG R R R E AR .
JEEEE 1 Sec63 ) {Z ML A TEN BTN |, JE N B
Sp I S NEREY e S SV LT RIS ST i A
(Enhanced green fluorescent protein, EGFP) Tfi#¥
FIT W8 A 5 ) BT 25 1 Y e 2 3 2R 1k
HARINE AR R E R, SRECRTE
B Z IS R & & Y (Unfolded
protein response, UPR), M3 sl UPR # J5& [A 1)
Bk 53 3 I A PR B 0 g T 2 1L BT [ 40
HPyRE, EHAEARERIRGR PN MY
35 Sec63 HyFE K EAM LM, Wik, EAHEAE
ki 5 Sec63 ML, DL Sec63 MIARICAZ H &
T TEARWFZEH, FIH Sec63 filf#ik EGFP 1)
HOE R E T EAEHRIAEY EGFP K
N2 A A e, DA SR S TR
B ERE rh e AR TR A PR A i, SR AR
5 AR AR A B ) R AR R TR AR R AL T — el
fRf {5 . PR B AR

1 MRE5FE

1.1
1.1.1 BRI FIE R

$oAr MR phy LR FE 41 okl pPICZA-
0E10-HKA/(Phy)s . pPICZA-aE10-phy-HKA | #77
AR WEREE xyn &K A9 B4 Fok pHKa-4xxyn10 4
W E R B phy 2 D ¥ DU %Y H 4 o R
PPICZoA-phy-G 3 A 526 28 i A7 1010, sape
%5 F KA # Escherichia coli Top10 ., B4k fiF £
2515 E 1 P. pastoris GS115 Il H 3E [# Invitrogen

&: 010-64807509

ovw); ERIRPERER IR NE R P pastoris GS115-E
Fh AR Sz 2 e
112 BHFREMER

LB 553 0.5%(W/V)BEEEHR U, 1%(W/V)
EE, 1%(W/V) NaCl, 115 “CK B 20 min.

MD [EIA 5 553 . 1.34%(W/V)YNB, 2% (W/V)
WM, 2% (WIV)EAE RS, 115 “C K 20 min J&,
FE5] Ja e S NAEEAR

1 mol/L FRERZE vk (pH 6.0): 132 mL 1 mol/L
K,HPO,4,868 mL 1 mol/L KH,PO,,#75 pH % 6.0,
121 ‘C K& 20 min,

BMGY M FRIE . 1% (W/V)EE R
2%(W/IV)IERE 1R, 1.34%(W/V) K 5Ll BRI ,
1%(V/V)H i, 10%(V/V) 1 mol/L pH 6.0 Hy w2 B0
ZE0, 115 ‘C KA 20 min,

BMMY AR I3 . ¥ BMGY i iAss 7= 5L
W 1% (VIV)YH R B o AR AR

YPD K #: 3 : 1%(W/V) R EY) , 2%(W/V)
EEAWR, 2%(W/V) 4 HE, 115 ‘CKH 20 min,

YPD [ AR 3L . [0 YPD B53RIE A 2%
(WIV) Bigks, 115 ‘CKH 20 min JGfEHFE N
IR

0.25 mol/L BEFREAVE W (pH 5.50): FRIUIIK
2T 20.51 g, i1 900 mL ZEMEK IS, FHvKES
R AT pH & 5.520.01, HZEMKERZE 1L,

7.5 mmol/L HEFREN W (pH 5.50) : FREUAE R
H10.69 g, 1 90 mL 0.25 mol/L Z. TR 4M Vs IR VA
FHUKBSER Y pH & 5.5+0.01, f] 0.25 mol/L Z. /&
P WOE #E 2 100 mL,,

BV : T E 124 mL ZZIBK THpf,
P PRI 2218 i fim A 76 mL 65%74 R A

100 g/L FHIRE AW . FREVEHMREL 10 g, Jm
90 mL ZEIM/K S i, T RV R IS I 25% %7K
1mL, HIZEM/KEZ 2 100 mL,

2.35 g/L HLRRELTA W . FREUELRR %% 0.235 g,
J 90 mL ZEIBIK S A, T EASS RS A 65%fi
BRIV 2 mL, FZEIE/KEZRZE 100 mL.
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50 mmol/L H &M% rhiw (pH 9.0): FREL
3.75g H& M, fn 900 mL 7&K %%, H NaOH
P pH & 9.0£0.01, HZEWBAKEEE 1L,

3,5- NS KGR W : 500 mL ZE IR K I
fif 3.15 g 1Y 3,5-fiEE KR, KIHZE 45 C.
20 g NaOH 4 f#T 100 mL ZEIEKH 4
NaOH I8 I AK R T, BEFERE IR =
VEWOBE M . RGN 91 g DUZKATE £1 B4
By, 2.50 g 7Kl . 2.50 g LK IERRER AN, AW,
HEBRIEREN, FZERBKERELL, REE
PR, 5 Ak, FEE T d S

10 mg/mL AR RHEE W : FREC 1.00 g AR,
TN AGE & 50 mmol/L H & BRI T i 2 Hsg 4
e, T 2RV W E 7S 2 100 mL,

50 mmol/L Tris-HCI ZZ sk (pH 8.0): FRHX
6.06 g Tris, Jil 900 mL z£i® /K% fE, H HCIH5y
pH = 8.0£0.01, HZEMKEARZE 1L,

1.1.3  EFERHSNUEF

B BRI VTG Kpn2 T 1% [ 35 18 Thermo
Fisher Scientific /A F] . B JE M EE I DNA [EIIC
& . FURiHEEGRAF £ . Bradford Protein Assay Kit
WA iR TREA RS Al . Yeast DNAIso
Kit.SYBR®Premix Ex Taq™ I & A Ki% %
AP TR (TaKaRa) AFRA W . BEEESZHY) . B
B A E Oxoid Anl. AWM., LR
FEEJE (YNB) W H 35 [E BD-Difco 24 A) . HiAxty
Sk L )

A : AR R 92 [ Thermo 23 ] Y Multiskan
Ascent PRI, D¢EE B PCR [N E Applied
Biosystems 23 i) it ABI 7500 BS54 E B PCR Y,
A 2EE BD 24w BD FACSAriaSORP 73
e G A0 AN
12 7%

121 RAEHEHEHEKRGWESEIERESR

B4 Tk pPICZA-0E10-HKA/(Phy)s fii i
Kpn2 T gtk It 118 im0 5 H % 4k GS115-E 5
GS115 JE&2 S 40 i 3 AE MD “Fie b dEf7 BHERE 4L
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T, #5330 BAPER LT 43 il ar 44 GS115-E/
P6c. GS115/P6c. [FIFE4y 7K 8541 ik pPICZA-
0E10-phy-HKA 5 pHKa-4xxyn10 fdi ] Kpn2 I £k
PEAR I B0 o 5 Ak GS115-E Jisz S 40 i 78
MD A b4 BR R AL Tk, 75 2 0 BH PR
16743 Bl fr 44~ GS115-E/P1c. GS115-E/X4c,

BT EA R R T 5 mL BMGY
Regedt, 78 30 “C. 250 r/min £ F 5535 20 h,
8 000 r/min .0 5 min WG SN, SRERI
LRI EE S 20 mL BMMY 535 5L 2 b4
ODgoo 4 0.5, 30 °C ., 250 r/imin k75535, 45 24 h BUFE
HAMIMZARIE 1% (VIV) FIHIE, FEiHZE 6 000 r/min,
4 CE.0 5 min 20 S R ARUR I B3, Xk
PR SE GS115-E (1) 41 R BRI R 1A 5 . & T
SRS S E AW, ST R4 FE R GS115/P6c
SR K e b TR R I B R
1.2.2 FEEEHT

TR T T 08 T 2 B L 5 O e 3R R A ek
Ay BRI ARUNT . ) pH M 5.5 B BSERSN 2% bl
MR A IR 2 A IS RO R 2AT D L mL,
37 CHIH 5 min J5A0A 2 mL A RRENIE W, TR2).
37 °C )i 30 min JEHiA 2 mL BRHD A9 5 {6/ 2% 11
(2.35 g/L PURRELTT © 100 /L FHIERELVET © A
fRiA =11 2), =1L 10 min 5, T 415 nm
Ab ) S W A R TS e . 37 C, pH
{HR 5.5 45T, B4 /K iR R BNV BUBEL 1 wmol
TCHLBE A AN BEE B (V).

K SMRERG I 3 I0E 2 08 Lin 28005 16 9%
AR, BRI HpH A 9.0 HZA
MR 2% MRV B R T H IR 2 Al s, IR R
B 1 mL B T 25 mL Eb @45 B A 10 mg/mL
BRI L mL, R4, 70 CRJv 30 min,
ZJE5 FnA 3mL 9 3,5- f oK R W, %
RS, WKW 10 min, RIEHEBKERSE
25 mL, BT 540 nm R g KR, K
BWEBGRG IS ) L 70 °C L pH 9.0 & T, A4y
BiUK A 10 mg/mL 9 A FHE BRI 1 umol & 5t



kR FREFBESYFRAEEEDLFEIERTEIENEILRITFMN

Wi BB R | AN AL (V).

O b5 W HE Mk B 44 iR Bradford Protein
Assay Kit it ] 5 #1700 & .
1.2.3  Htk EGFP 926

fia] WA A 75 2] 9 B8 44 in AL 300 L %) Tris-HCI
Gr b, IATRENR P VEVR RS, 8 000 r/min, 4 C
B0 Imin £ B, EAEZNR 3K, TERF—IK
PRV LE ARG i S S Tris-HC 28 mhil B
A, AT I3 YR AH ) AR B B VA 2 s B (B
KIEE 488 nm, KK 520 nm), FFNE EE
Y1) ODgoo fH o
1.2.4 A A% X 4 M X GS115-E/P1c 5
GS115-E/P6c ¥4 B IR & B BE ST 20 1k

P4 bk GS115-E/P1c 5 GS115-E/P6c 2
FhEI[E ) BMGY #5555L, S8 1.2.1 17820
Kigt, #5952 96 h 5 HUFE . #£ 5028 6 000 r/min,
4 °C g0 5 min FF 25 B3 o AR 2R BA A
A 300 pL 4 Tris-HCI Z& il 4% 3 K, ®Ja A
it Tris-HC| 28 Ml FE A R, FHFH o>k B i
AL AT TE B EGFP %% % {8 % B 4t V% 5
ik EGFP ZOGAERERE AN MTETS o 5 o010 31 1) 9
PR A0 MRS 3 VR A T YPD A, 30 CHi
48 h. TERDOCAE R SR BRI A 1) Al
A PkIE 20 ML TIES R 1.2.0 TR IR,
24 h BUREIFAG I R A2 6 5 % 1 1 T W I 1
1.25 EHAHKEEL DNA #RE

Pk O 10 40 TR PR R B V% T 10 mL YPD #5595
Hedr, 30 'C. 250 r/min 1535 20 h, WS HY
1x108-2x10% 44 i f9 3 , 12 000 r/min #5.0> 5 min
WA, 7+ . ZJEHHE Yeast DNAIso Kit
Ui B R I e AR R BESE R 2 DNA
1.2.6 EHHE R phy Z£E# A

SR FHOUBR 1 i 28 100 52 phy S5 DR 4% D1 502
WA . B4 TR pPICZaA-phy-G i 75 BAHE
i) phy J£[K 5 gapdh JER R Be, DLUHAE R B H5
DLHON 2 F bR BB LA — R BB A BT B
A i Y pPICZaA-phy-G JFR: Rt , 4351

&: 010-64807509

FIFA G4 PLIP2 I P3/P4(F 1)f# FH SYBR®Premix
Ex Tag™ 1I (Tli RNaseH Plus) &3 & iE 1752t
POLE R PCR, H4R15% H LA phy FIA 2 5L
gapdh [ Ct {55 AH X 114 Jo b ik 32t VR A o R 4%
DASREUARAH DGR AR 1 BE [T 41 DNA Risif, i
FIRT Y5 SRAEAT SE SEOEE fE PCR, BN
e HAMNE 3k, 1530 CtEAA T ALITHE
phy JE DK $5 DL%L .
phy gene copy number =
phy gene copy number
calculated by standard curve
gapdh fragment copy number
calculated by standard curve

2 HER5AW

2.1 ¥k GS115-E FiXFHEH 8E 11 BN

ARG FATLLN BT M B2 1 Sec63 fili 5 4%
ik EGFP 1 HE 4 ##k GS115-E N FK A EHEMA N
TE B RE, DRI I R 1A it T DA A
H AR T E A RE A L Foci ks &
I P. pastoris GS115 &5 & A el 727 .

Wi 5 W R B phy 3R R B4R ORI
PPICZA-aE10-HKA/(Phy)s 43 3| L %% fb 3 A
GS115-E 1 GS115 ()32 A5 4 M AR A5 3R 1A 4 R 1l
B B4 Ak GS115-E/P6¢ 5 GS115/P6C, XX il
T2 AR IEA T4 RS 5 I A I & I 7 VA R
FitE , 45 SR IUAE A5 S 35 55 1Y 24120 h 1],
PR 2 R R 2 3K L R T AR PR I 1 KT 2 4y
L (A 1), BERA X 2 R Pk GS115-E #F 47 y SE A
TR AT L RAEAE WG, 2
Je IWFFE BEE T R AT i JL A

*1 AXEFTR#5IMF5
Table 1 List of primers used in this study
Primer name

Primer sequence (5'-3")

P1 TGGTTGGGGTAGAATCAC

P2 TGCTTCTGAGGAGGATGA

P3 GTCGGGACACGCCTGAAACT
P4 CCACCTTTTGGACCCTATTGAC
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z
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g
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B 1 FEEH GSI115-E/P6c 5 GS115/P6c HiF<Hig
S

Fig. 1 Analysis of enzyme production of recombinant
strains GS115-E/P6c and GS115/P6c.

2.2 Sec63 Fh&HI EGFP Rix/KEEEHER
FikIK FHE R MR AL

DA B P 5 JEEE 11 Sec63 )12 M 434 T P 5 I
b, HERRE AR R IS R A AR AL, i
55 Sec63 fill4 i EGFP (13 ikt = s fp 11,
M T2 2R K A i & BN R B 2 & AR AR
AEI38] L B D) b 45 SR T HiEN Sec63 il 4 EGFP
() 22 1K 1 5 4 R ) 3R Tk 2 ) L R R A oG
P, AESX AR M B A RS 28 E .

TE 2.1 PR AR B T IR A R T Y T 2 R PR
GS115-E/P6c, ZJaHiiR 1.2.1 Fp T 7 vk R AL

280 1120

<) —=—Xylanase activity
g
“_:_‘)’ 210 —=—RFU/ODy, 1105 _
S 140+ 190 3
& @
§ e
E 70t 175
o)
»

60

0 24 48 72 96 120
Induction time (h)

& 2

RFU/ODy,

BRI MG (Y B APk GS115-E/X4c.
XoF 33 P i 2 R R R A 7 R 8 3R T A T e 43 BT
SRR AR EGFP SR, 45 IR, EAE
5 Sec63 Fl4 i) EGFP H oA M3 1k
(E 2A), HEHENS Sec63 4 EGFP [l
ik Z AHA BRI (0.8<|RI<1) (A
2B, & 3). Ji4h, TCit R TAE BRI 2RIk T R ik
SR RIERG R AR TA R, X L kAR G VR A7 AE
(Bl 2. 3), WWIEMHENY Sec63 flH 1) EGFP
1 T5 i Z (] I 2Pk 06 R 23 0 FLE A, it
AT DL AG I B 1 EGFP 114 2¢ i B AR 5 43 H7 E
HEE R RIBAKE, XORAB ST S 5 R 5 T Pk
PR 7 1 1) S A

2.3 BRIEEKRIRIRFIZAEELSIFMN
2.3.1 MWEM S GS115-E/P1c 5 GS115-E/P6c IR
AU

N TS E RGN EGFP 2665 B EA T

IR G i 0 vk, RATE B E T AR
[Fi) 5 2 2 R IR A I BRIR G TR U T . %
B 1.2.1 ik Jy B3RS 260K 145 DL phy B 1
bk GS115-E/Plc, MiE WMk GS115-E/P6e
ik 6 501 phy BREH o FERR M PR I 9 Fh 82 2H 1
PRI A 15 352 9 1 X Al AR A R R i1 T 4
Br, BZBIRA BERE MK EGFP %)t 5/ EGFP ¢
JERT RN AN AT (K 4A). T HARZEGAN K

150
120 |
| /
I R=0.972 8
60 1
30 1
0 30 100 150 200 250

Xylanase activity (U/mL)

B ¥k GS115-E/X4c BIREHEEE S EGFP WK EZ B BIHE X%

Fig. 2 The correlation between xylanase and EGFP expression of GS115-E/X4c. (A) Expression curve of xylanase and
EGFP. (B) The correlation between xylanase activity and relative fluorescence units (RFU).
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A3, B 320,
240 ¢ 240 +
g R*=0.999 4 g R*=0.980 7
3 S
= L = | &
5 160 E 160
& &2
80 + 80 -
0 0.2 0.4 0.6 0.8 1.0 0 400 800 1200 1600 2000
Protein concentrations (g/L) Protein activity (U/L)

3 B#k GS115-E/P6c HYEEREE S EGFP 3t EZ BB X 1%
Fig. 3 The correlation between phytase and EGFP expression of GS115-E/P6c. (A) The correlation between
supernatant protein concentration and RFU. (B) The correlation between phytase activity and RFU.

A B C
250K 250K 250K
200K 200K 200K
< 150K < 150K < 150K
@] &) &)
100K 100K 100K
50K 50K 50K
-10° 0 107 100 10° 100 0 107 100 10° -10°° 0 10 100 10°
' FITC-A:CD69 FITC-A::CD69 FITC-A::CD69

B4 EEEBHNRNMAMLSHTE

Fig. 4 Analysis of mixed culture with flow cytometry. (A) Fluorescence-activated cell sorting (FACS) scatter diagram
of mixed culture. (B) FACS scatter diagrams of mixed culture and GS115-E/P1c. (C) FACS scatter diagrams of mixed
culture, GS115-E/P1c and GS115-E/P6¢c .

PEREFIE 1D phy FER A EH FERE GS115-E/P1c (K1 5), 1o % I T Bk () 4 R G- 15 28 38 /K S AR e
(Kl 4B g EEUSE), mYOLAMETE RRE LR 4.0 fF (B 6). 1M HEESHEFRM
6 % D1 phy K& R () 8 4H 18 Fk GS115-E/P6¢ (K1 AC 48-120 h #ia], 1528 1 bk iY 25 40 45 1 A IR il

L EHURA) o P A Ry TARDEOE Ak RO R IR ™ B (121 6)
2.3.2 FFRIBHERCE Ty B I ZJe, MEEATREAT IR A W 9EOE AR AR D¢

TER BRSO m EGFP 28t 5% JUWkh AL 2 #RkiE4T phy K&K #5 D1 K
EGFP ZOtMIFPdififitva Z)m, AR &, ABURIOCR KRN phy ZENFE Iy 1, 1
AMLICH G EGFP SOGHEATAIMI M0t . TEM e WP MRAY phy ZENPE DIECH 6 (1 7). DA B2
BRI CEE S RPOC R IBENIE 20 bk RERED . CRChE L T Al EGFP 2G5 i
PEATRESE SO AT M AT, AR R, W TR SRR AR TR R A vk, ik T LR
B RHEFR 120 h i), SoOGEMEAE O B MERR N TRG R P O e B e R R AR
R It ™ 4 2 TR MR BRI - 5 RO RE TR R
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Phytase activity (U/mL)
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=
g = F § I

& 5

Samples

FEFESF 120 h SR SR ERERERIARRL

Fig. 5 Phytase expression of high-fluorescence and low-fluorescence strains in induced culture for 120 h. ***: P<0.001.

1200 -
—e— High fluorescent strains

r —m— Low fluorescent strains

800

400

Phytase activity (U/mL)

0 24 48 72 96 120

Induction time (h)
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