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Construction of high-quality gene mutant pool in Pichia
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Abstract: We developed a method to construct a gene mutant pool in Pichia pastoris based on in vivo homologous
recombination. It was an absolute PCR-dependent method (PDM) and could avoid the disadvantages of traditional mutant pool
construction process such as long-experimental period, low pool capacity and inadequate abundance. The method consisted of
four steps: 1) construction of recombinant expression plasmid of target gene; 2) design of long primers that have 40—70 bp of
homology to expression vector fragments at both ends and amplification of target gene by error-prone PCR, DNA Shuffling or
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other methods; 3) PCR amplification of expression vectors fragments; 4) mixture of gene and vectors by appropriate mole

ratio, electroporation, formation of expression cassette in vivo, homologous recombination with host genome and achievement of

mutant pool. Screening from this library, we obtained mutants with improved enzyme activity, protein expression level and
thermostability. In conclusion, PDM was very efficient and convenient with advantages of shortened pool construction cycle from
2 weeks to 3 days, enlarged pool capacity from the original 10°~10* to more than 10°, with a positive rate of more than 95%.
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B4, PCRIXHA (TaKaRa 22 ), 514, DL2000
DNA Ladder Maker, E10000 DNA Ladder Maker,
FEFRAR LAY (B TABRZAHE]), YNB, G418,
DTT (BIOSHARP), IAEHEEEE DNA [N £,
PCR #aifbilin & (KA R dtx) A
/A ®]), Plasmid Mini Kit | (OMEGABIO-TEK),
H AR 24 oy [ 7w ik 1 o3 pr 4
1.1.2 AT

KA HF# Escherichia coli JIM109 . [2 37 {# B o
B4} Pichia pastoris GS115 F14E#I % ; Rhizopus
chinensis CCTCCM201021; HARSLH =417 2k
pPICOK ) H Invitrogen 2~ w5 #H7 1R M 5 g B il 3
proRCL FY 8 4H JFi ki pPICOK-proRCL A 5286 %
F g,
1.1.3 BFHE

YPD: 1%B:rE, 2% &AM, 2% 8%,

MD: 1.34%YNB, 4x10°% M &, 2% i %k .

YPD-G418 (0.5~3 g/L): 1% B Rk E | 29% 55 i,
2% %%, 0.5~3 g/L G418,

BMMY : 1% 88, 2% &AM, 0.5% H#E,
0.1 mmol/L BMRZE ik (pH 6.0), 1.34% YNB,
4x10° R

BMMYA’: 1%B:RHE, 2% E R, 2% P B,
0.1 mmol/L BFRZE K (pH 6.0), 1.34% YNB,
4x10° HEE, 2% 505

x1 KAARTPAIBSIYREFT

1.2 At
1.2.1 proRCL 4945 #4PCR "4

H T AR B pPICOK 54 34 KL R H BEAE
IS AN BE L AL REGS A AL R YR EE 4, B
h B 5 PICOK WAl HAA/INT 40 bp BRI JRE . L
#4H ki pPIC9K-proRCL H1 proRCL I F iy
PICOK ¥4 i, 43 ilicit H i R Beiy s 149
66 bp F FI R iiF514 60 bp R (£ 1), Hitb, E. Fiif
51443 515 pPICIK 4 66 bp 1 60 bp M,

50 uL 5y 4% PCR K& 41 F :5 uL 10x5 44 PCR
2% i (500 mmol/L KCI, 70 mmol/L MgCl,,
100 mmol/L Tris-HCI (pH 8.3), 0.1% (W/V, B
#%)); 0.5 mmol/L dATP/dGTP, 2.5 mmol/L dCTP
M ATTP; 5144 40 pmol; MgCl, 7 mmol/L; MnCl,
0.3 mmol/L; Taq DNA R4 2.5 U, PCR ¥ 44 5%
. 94 CHZEE 3 min; 94 °C 1 min, 59 °C 1 min,
72 °C 2 min, 30 Mg ; 72 ‘CHEAf 10 min,

S PCR ¥ 34 Wyfin 444 pronRCL, % DNA
gl g alifh .
1.2.2  FKA# I pPICIK #9715

AR A BRI — B R BRI A TR D) A B
P55 HA IR ER ., X pPICOK AT XEEVIE, W
HE—BER/NR 9 226 bp Y4 BEE AT XU B AR
FERT . BB, AR, ASREWE DS R A AR Y
B,

Table 1 The primers utilized in this study and primer sequences
Primer name Primer sequence (5'-3") Size (bp)

66 bp F GCTGCTAAAGAAGAAGGGGTATCTCTCGAGAAAAGAGAGGCTGAAGCTTA 66
CGTAGAATTCCCTAGG

60 bp R GTAAGTGCCCAACTTGAACTGAGGAACAGTCATGTCTAAGGCGAATTAATT 60
CGCGGCCGC

9K-shortF GGCCGCGAATTAATTCGCCTTAGACATG 28

9K-shortR CAATGTTCGTCAAAATGGTGACAAAGCCC 29

9K-longF TCGACAATTGGTTTGACTAATTCCATAATCTG 32

9K-longR GAATTCTACGTAAGCTTCAGCCTCTC 26

5'A0X GACTGGTCCAATTGACAAGC 20

3'’AOX GCAAATGGCATTCTGACATCC 21
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AW SEBL T AR PCR H 4, JTCTRBEEY).
THREYHMAAREAM “A” ik r B, HWE
PRUEDY 38 F B = PR ELPE | 268 Prime STAR R4 i
(SP) #EATYHE .

UKL pPICOK Misid, LL514) 9K-shortF Fil
9K-shortR (3 1) ¥ 14753 9K-short (2 000 bp) 4%
A Bt RRELLS Y 9K-longF il 9K-longR #1475 5|
9K-long (7 226 bp) AYK H Bt

Hrp, 9K-long ) PCR ¥ 47l FH AL ik .
98 ‘CHi4E M 1 min; 98 C 10's, 68 C 7.5 min, 30
ANMEFR 5 68 “CHEAH 10 min, 7] 5B AP 18 R4R

By 4 A B 9K-long A1 9K-short F1] F 2l 1k 31,5
a T E &

1.2.3 NG I KX R 70

R 7% B2 AN ) K BE ] U5 R X6 A A ok R Y R
W, Wi AN [ K 5] ¥ 9K-longF/R - I
9K-shortF/R, i H AY 3k P 5 28 fA 1] [R] 5 1) < 8 43
ST LA R X 6] . 25~40 bp, 40~70 bp #1>70 bp.
W L3k H B R 58K 5 s, PR 58 SO,
B SCEEBENLPR I 10 /> B AR R D i L B M 2 32
1.2.4 25 proRCL 718 J5 BE il 76 1A # 1
pPICOK /24

¥ 9K-long Fl 9K-short H Bt LA EE/RIR A, FF
HRAEFN pro,RCL F Big fEE/R L 10 1 1, 31 1,
101, 1030110 AUBEEEIR G495, (o5 A 2 ik
SEEAE . TR TR 2R <1 pl,

FeIk GG FE1E

Xt B ALt B A SR A TR A fhad
A RBUR A5 R BUINA E 80 ub Bz 441
Hr, B3 0.2 om DRFIS I HLIEOMS . UK ECE 5 min,
HLJE 1500V, HLZE 25 uF, HiFH 200 Q, #EfrHLds.
SEZIMA 1 mL 1 mol/L WA4EESE 95, 30 CHiFE 1 h,
W HACBOR AT MD FAl I, 30 CH53% 2 d, 193
GEARTLIE
1.2.6  MIHEFI FHIGHE

FHPE#G AL+ 7T LASR IR IR W7 G, BT AT DLAE &

&

125

Fast-blue RR T JZ Iy g iV # LW i (5, J34h, &
PCR ik, 4ME DNA FlzkiAk 7 B 8 41 I 1
Tk G IR A BIEERE LA N

¥ MD VP EMBREENKET S k=
YPD-G418 (0.5 g/L), 30 CHids 2d, AHA KR
OK i 5 i BE SE PR 4 % A W) U8 6 20 7 26 ) A T
WAl LITE G418 HifkFAk FAK . XF MD P4 il
YPD-G418 VM i 47114k

FHE % =G418 HitE M I A BT 7% £U/MD Az I
F18) B T 7

HEAT BHE 4R 5 SIS, H R PCR T
B4 PCR U721, LATH bR 3 R 28 2847 X 1Y) Bl
M52 o K MDA b A SRR 75 K TR T 2k &
BMMYA'H b, %% 5d )5, Fast-blue RR TiJZ Bl
Py, 2 min YRENS W R BT AR R 8 Y TR bR O LA
BHPETE (5B AT LAK A% 2808, K g7 5 Jeork 25
A ), TR E T A BR WAL proRCL
(1) 9K AR R Br SR R 41 & Ak W)U E 4 A 1
PR AR

HHF=H BMMYA M I 1 5 5 7% o rT LU
IR R T A BT 75 KU YPD-GA18 Al b B
L

A B SR A A L PR, 3 R LA N 14 T
I 5 5 VA PR M EE 21 %

N T RAE MR DNA 53k A B 7 [
U5 B 2H R 1 2R3k & T A B BB BE P A b, $
B e H TR AR SR ZL, DL 5'AOX il 3'AOX Ny
S (3 1) ATV R, YRR A AR TAEYA R
AT
1.2.7  PDM #2119 55241 7 19 P15 e

PNPP 5 52 iig iy il Al 75 U4, b %% PDM #g
14 58 A8 S 5 W0 v B 7 I A R S AR SR, AR
VA5 o R 0 A B ) S AR RR Y B TE . Rk A
Tt 7 e 5 A il 2 1 I
1.2.8 PDM @197 ENT Tk

HR A O 26 H /Y, PB4 3 i i 18 77 Bk X% PDM
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i %) 58 A8 SO AT Ok o SC b 43 ) i e A 3 T
il 05 4 =, R OA AR DL S IR E R R Y

i 36 T G v S AR R Y I s KT AP
o MD FAR LAERK R HisT# kT &2 i E
YPD 1 BMMY V-4 i) A0 [F] 7 &, 7] BB %o B
B GS115/pPIC9K-proRCL Mut'#:F & BMMY EAR
. 30 CHizR 2 dJa, % 12 h [ BMMY Pl |
#Mn 200 pL HESA SEANRNIMERSE . 5% 2~3d,
Tia] B W00 5 SIS pNPP A 0.6 % 35l , TR A5
5, BT BMMY FAUE BUIZ B3R . 2 min 4120
iR Nt N=R 7 ok N SO NEsE 7 S E 1 B O )
HETE GS115/pPICIK-proRCL Mut™ AN HE /i Hi B i i
@0, BRI 96 FLAR & Bk o i B A kR AT
HE— 2D

L R IR AR S R AR Tk K
WA %% MD Pl A K 8 His™ 1 4k + &
#|] YPD-G418 (0.5 g/L). YPD-G418 (1 g/L).
YPD-G418 (2 g/L). YPD-G418 (3 g/L) i 1) AH [
fi &, fEfE YPD-G418 (0.5 g/L) “F-A b4 K B,
e 3 B E Y YPD-G418 S al Hrh — Bk
b, A K FF YPD-G418 (0.5 g/L) ¥ b JLTF
—RERY RN, B Dy 3R R R ) O E A TR AR .
A 96 FLAR A& M k4 w0 0 E 9 B R AT i —
i 1

i 8 PR TR 4 v SR AR I O Dl . TR
FE&HK MD Pk BRI R His™ g 4k 1 52 | 2
BMMYA™ -4z _FH1 YPD - A AR TR AL E, [] b xof
WA GS115/pPICIK-proRCL Mut™f%FH & BMMYA’
TR o 30 CHAKIFET 4~5 d J5, FARZAG N
HACHEE 65 ChbHE 1 h, vk, ERFH)E, 1
M A Fast-blue RR T0)Z B85 . 2 min Py 3 BLE
WO PITE H B E . MRS, X RE
AfE S R, A 96 FLAR A& Ik X4 i
H B R AR A T 3 — 2D T
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2.1 proRCL By 545 PCR Y 18 K ik F EX pPI1CIK
B4 15

5|4 66 bpF/60 bpR £ error-prone PCR 434 15 21|
JFo/NH 1218 bp (1 092 bp+66 bp+60 bp) [ proRCL
WA B (U R B LTl 584k &4 60 bp Ml
66 bp WEZIFH) (K 1 # First PCR). LIk
PPICOK Mtk , 9K-longF/R Fl 9K-shortF/R 5|4
3 BE A B P B/ NS Ao 7 226 bp 12 000 bp
# F Bt (& 1 Second/Third PCR).
22 BiIREHMUFNELEENZMW

BTN Ry A7 s LG N F A = N3 v i A
pPICOK-proRCL fiij, 7 Xt HitfrmIditie, 74
e FL A AL T Sl AR SE R L AT IR IR EE 20 . PR TR
Tk EA TN, PDM g, 58 T iRt
et H HACR IS . PCR ¥ gk, ¥t T 2
5

SCHy 1. DL pPIC9K-proRCL KA AR, #i
FH 9K-shortF fil 9K-longF —#H 51 #1914 ih K
J3 9 226 bp (2 000 bp+7 226 bp) I B 525 2.
FIFH 9K-shortF/9K-shortR Fil 9K-longF/9K-longR #i
451953 B9 44 K 2 000 bp 1 7 226 bp Y F Bt .

SEEG 1O T S R vk TS X 3R Gk SR
BV v Al s 5208 2 X T W v B O 9 ook
K ORL I D) ME AL o DRAIE 2 21 S50 A i PR % 2K
R A, ¥ 3 H 5 pg (0.5 nmol), ik K
B 5 nmol, RAIHWS . WLATIR &P IEL N
10 g/L. ¥ 80 pL &z &M A ik 2 4 DNA RS
Y, WAL

AR g ol . 5286 1. MD M EBAsEp sl 2
A, BB FEYE; 525 2 4000~5 000 4>, BHAE
Ik 95% ., WA5EULWIR] I 5 pE s PDM 17
TR B O AR SO, 3R IR AR 1 R AL B 2
W



FE AR PCR MR )y P54 o ok I B 5 P A8 SO

1331

Avrll  Not |
a \

/ b

5'PAOX1
Sac |
Bgl 1l

Screening marker

pPIC9K-gene
Amp

3'AO0X1

Bglll

l First PCR

a b

Fragment 1 (proRCL 1 218 bp)

Third PCR

Avrll  Not |

Primer: 9K-shortF

Primer: 9K
9K -short

Primer: 9K-shortR

Primer: 9K-longR

l Second/Third PCR

b
Second PCR ||||||||

Fragment 2 (9K-short 1 943 bp)

I’ragment 3 (9K-long 7 333 bp)

l mixture and electroporation

in vivo

NN

his4

>

3'AOX Kan

Amp

Amp 3'AOX Kan

Amp 3'AOX Kan

Pichia genome (his4)

Amp 3’AOX Kan

1 ETHRARREAMBBANEBREREXENZE (PD

M) TEE

Fig. 1 Representation of the new method of mutant pool construction (mutant genes inserted into yeast genome directly) based on in

vivo homologous recombination (PDM).
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23 ERESHMAKEIRFIKEXEENZN
ARSI S G B Y D IR SR S B A A )
L — B DNA, 1 [A] PR K R Y 3k % A

ﬁﬂﬂ?%‘% RETS LT Y QB . AN S B B %8 T it

AN TR B[R] U5 X R A el PR R R R, 4

mF .

GERMFE 2 PR YPGB AR R
TRy 25~40 bp B, H ALK PCR 4 HI8URAR
U, ARR MR B EIRIR A s, Sl izﬁﬁo

AIREE B TR E R R, R RS

B I kRS R A A B R R SR AL N éﬁ}“

1 b BR824 1 [ IR S BE > 70 bp B, A

FAAMERER &, (& PCR Y HIRMESEH L

BRME, 7585 R AR, A2, RMEW LS

S T EL I 24 W) U K 40~70 bp

FA PR PCR ¥ 34 RUR A B AT 5256 1 W] A7

e, ATDMIRRAS | R RCR A B 5 A8 SO, g

PRAE SCE e 18505 o AR S0 v A 3] 1) TR RS 1)

J& >4 60 bp F1 66 bp.

*2 RIBRBKEN PCR Yy EYRMEAMMERZ M

2.4 RTERE proRCL ¥ & K EF1 pPICIK K
ERRESBEK

%TMSV\] (7 9058 2y Sl P B A8 SC PR Y T v L
Bl 1, 4% 1iRZ 3 ¥k PCR ¥ 3474 5 proRCL Jk
F Bt & 9K-long F1 9K-short i Bt IR — 5 [ EE IR [
RE¥A )G, b RmRE

PEABERHARNIG , 23t 4 AMFEIE R AT L A VR

A PR A

Stepl: J: P F Bt proRCL DA K #5844 H Bt 9K-short
H1 9K-long R 3454 1) 60 bp (K 1 1 a) 1% 66 bp (&
1+ b) EEFIEIX 3 B DNA LA RITEE L ;

Step2: 3 BrALHNER: N — B¢ DNA (RIZ:
PEAKJ 14 56 B 1) F A TR 5

Step3: ZMEALIE BY5E B Y AL TORE S5 BRI
A [ PR A

Stepd: AHPEE R G ABERESEN 2
2.5 pNPP (%% PDM 5% 3R 3 SCERYEE 1L R F0[H
P

FET B R B 8K R B R A R
o, &R EZSR I 3,

Table 2 The effective of length of homologous sequences on PCR amplification result and positive recombinant ratio

Length of homologous arms (bp)

PCR amplification results of target genes

Positive recombinant ratio of foreign gene

25-40 o
40-70 o
>70 *

<50%
60%—-95%
>95%

***: good specificity and greatly concentrated, qualified for electroporation; **: medium specificity and acceptable concentration,
marginally qualified for electroporation; *: poor specific and low concentration, disqualified for electroporation

F3 RFALERMPAMRSE

Table 3 Transformation ratio and positive recombinant ratio

Error-PCR products: vectors Transformation ratio

False positive recombinant ratio

Positive recombinant ratio

(molar ratio) (x10%) (%) (%)
10:1 2.3 2 95

3:1 1.0 25 72

11 1.0 47 50

1:3 2.4 57 40
1:10 2.5 82 15

False positive recombinant ratio: vector fragments without lipase gene integrated into genome of P. pastoris however host cell
incapable of producing lipase positive recombinant: vector fragments with lipase gene integrated into the targeted location of genome

of P. pastoris and host cell producing lipase in the desirable way.
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& 3 fir7n , £ Error-prone PCR products: vector
AURCBI 101, 311, 101 (BE/REL) MYBRIE T,
#HARAY 4 0.14 nmol . 0.23 nmol 1 0.29 nmol. #
LA AN, A 7E 10° B, EAR T
WG O RO Bl A A G, RS E R
AT A LR OK B4 SEE LR &k &
MR ETF, P, 103110 10 ByRE R 4R
TR, HE, BEERMKILEIE R, MdEmEa A, W
A Il 6 e A1 1 47 A 38 2 P B B DXL 2 v A
AT AR, B AERREE SR Error-prone PCR
products : vector=10 : 1, P17 Fast-blue RR 44
SR E A, Horb 95%#8E&A H 3L B BH
PEERR, BA T 5 SR E R nT ATk
2.6 PDM MEZRIEHEH PCREE

AR S e O HHE Y A0 BRI R DA 5 P B AR [
G — B DNA, TS [R5 2 A 2 5 i [ s
21 A HE IR R N 2 R L I L REAE IE A R A
SRR RN &, RHAT TS, TR
i3 PCR 44 K I 7 R B ik . A 5’AOX Hl 3'AOX
JE1Yr, R SCEE R E R TE R R B AT YR
LS RI e RBE (K 104 LR, HEH
Frai R3RW] . PDM Jr i rp H 9 5E 8 5 2R 0 B 1%
MSCg it ny N E A B S — B DNA (1B
DNA 5. 5 fi J5 ik v 1 14 3 3K AR R AL IS 1Y
B A
2.7 PDM ZFMEMREXEST 5w EEZHER
R R LLER

G508 I SOk ik 5 PDM ik #4g # proRCL
SR 98 AR SO, L G AT Y A 3 DR A EE R

x4 TwFERHES PDM AR E T ELLLR

BILAHMFE ., PDM 3 Error-prone PCR products
5 vector BUEE/RILN 10 & 1, 155 AY 9748 SCHE LK
mr,

H 3 415, PDM 4 G 1) i PR 58 740 SO 1) i 45
HEEE T 20 £, EAMMREREE 95%, MR
A A 21 R 1Y 25% o
2.8 PDM EAHZFEIMRTEMKTIE

X PDM i G A5 3 ) 58 48 SCRE AT % , 7551
WA (R 5), il AEHE &, MRiAE
Pt oy AR b EAER S MR v R 2B B

7 5 ' Mutantl Jy i 75 42 = 0 S A8 bk, AR
5 B T 1 2 3k i AR AR AR /N, B 58 48 5 g Wi il
) K {8 i FORAY 0.304 mmol/(min-mg) T RN
0.258 mmol/(min-mg), TR T 15%; Kea {ELH K
) 1 138 /min &= 3 250 /min, FH T RAKE
Mutantl XFIEPI R G 048 e, Hid o B, i
PR ARAG TH R . Mutantl J&— KRS 2 5 Al 58
ARk

F 6 1 Mutant2 R R B ER SRR, K
TG AR WG A F IR AR T 34, Kea (B H1EERY
1138 /min 2% % 3520 /min, WRIEHZ 35, *
B mutant2 (4 I £ i AR DR Ry e 0k i i 4 v |
AL, T ELTE 7 A B . Mutant2 & —RRE R A
PR R AR

# 7 Mutant3 yIERE SR B IR AR R, AR
T G U it P 2638 i ML TE AR U AR K, T FRFOR Y
61 CHEm % 67.5 C, RAZMAE 65 CHI 70 C T
I RIEEE 21 f5 AT 4.2 fiF, 7E 75 CHYE N
KT 7.5 min, Mutant3 & — Rk E T = Y

RAKR o

Table 4 Comparison of mutant pools built by sub-clone method and PDM

Capacity of mutant pool

Positive recombinant ratio (%)

Consumed time for pool construction

sub-clone method 1.1x10*

PDM 2.3x10°

14 days
3 days
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K5 HARMKFBEREARMINZSHMERRE

Table 5 Kinetic parameters and protein concentrations of parent strain and enzymatic mutant

Stains Protein concentrations (g/L) Vmax (Lmol/(min-mL)) Km (mmol/(min-mg)) Keat (/min)
Starting strain 0.095 3.38 0.304 1138
Mutantl 0.092 8.33 0.258 3250

K6 HARRMREIERZEMRMNANNZSHMNERRE

Table 6 Kinetic parameters and protein concentrations of parent strain and mutant of expression level

Stains Protein concentrations (g/L) Vmax (umol/(min-mL)) Km (mmol/(min-mg)) Keat (/min)
Starting strain 0.095 3.38 0.304 1138
Mutant2 0.290 7.30 0.209 3520

R7 HABRKRMAREMRTERMER

Table 7 Characters of parent strain and mutant of thermostability

Stains Relative activity (%) Tm (°C) 65 °C tso (Min) 70 °C 75°C
Starting strain 100 61 16.5 6.5 NA
Mutant3 97 67.5 345 27 7.5

The expressed vector of wide-type lipase

/\

/ - [ Ep-PCR Ep-PCR
v (specific primers with homologous

fragments with expressed vector)
Sub-cloned to T-vector

\

Double endonuclease of expressed vector

v
< Double endonuclease of cloned plasmid
v
Construction of expressed plasmid
v Two PCR amplification
of expressed vector

Mutant pool construction of E. coli

Transformed to E. coli
v

Positive clones screening

v
Cultivation of positive clones and
harvest of deal of expressed plasmid

based on in vivo homologous recombination

Traditional mutant pool construction mcthod of Pichia pastoris
The new method of mutant pool construction

v
Linearization of expressed plasmid
v
Electroporation to Pichia pastoris Electroporation to Pichia pastoris
\ * * J
Positive clones screening Positive clones screening

2 TriEFMEBEREXERNTZES PDM ALK

Fig. 2 Comparison of sub-cloned mutant pool construction method and PDM.
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BRI T, 55 2 MRZEE IR 55k
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K, T H e w] DU ], ok SEBUHAb SE R A5 2R

PDM & J2 15 HE IR T B K P A ekt 5 R 98 748 SC
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RS H B R R B BE R ik F) 15 0 1
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FR I ) 5 PR Bt Bt 22 1850 PRI PDME 35 1] R AR 3K
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