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. B LRIE S THHE R B SRS (protein disulfide isomerase, PDI) FlYE7REE BEFE LR T-Aftl, 5

H N HH (human lysozyme, HLY) FEEEFRIEZERF R - RIE Ko KM 8 1) 5 TR R IX 2ifkpG418-PDIF EE
TR B SRl F AT RIB AR pGA18-Aft 1 2 AL J5 , Ll i Ak H 20 HE PR B BEKM 7 1-HLY 40, FH & G418 [~ AR i
PEPHVEREAL T, S EIILRIE D T HEPDIFIHLY, R IR IE B R RE % S R T Aft URIHL Y 1) A2 B RkKM71-HLY -
pG418-PDIFIKM71-HLY-pG418-Aftl . FEIHATE /> TR EPDIMARIXTHLY KA HISEM . 45K EN], TIRR
KM71-HLY. KM71-HLY-pG418-PDIFIKM71-HLY-pG418-Aft1 4 B E 5 S 72 4:14.7 kDa HLY, K EifmAe &
TRBERORTE AR IR T B . B S RA R, KM71-HLY-pG418-PDI. KM71-HLY-pG418-AftIFTIKM71-HLY
ARKELWEZEN; 70 h)5, KM71-HLY-pG418-PDI# FkFIKM71-HLY-pG418-Aftl ki A4 &/ T KM71-HLY,
R A KR I NKMT71-HLY [992.8%584.1% . KM71-HLY. KM71-HLY-pG418-PDIFIKM71-HLY-pG418-
Af14168 hWFHEEE S, JAN AR FIE 20 0 N324.02. 350.87 mg/LA1474.8 mg/L, K IR 7153 7] 934 880.
45 600 U/mLA150 180 U/mL. SKM71-HLY#tL, KM71-HLY-pG418-PDIFIKM71-HLY-pG418-Aft1 K 5= 7k &
EAS I T 8.3%M46.5%; KM71-HLY-pG418-PDIFIKMT71-HLY -pG418-Afi1 Ji7 i M 41V 1 i B B 1 KM 71-
HLY 7> 548 1 7 30.7% F143.9%
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Effect of Co-expression of Chaperone PDI and Transcription Factor Aftl on the Expression of

Recombinant Human Lysozyme in Pichia pastoris

WANG Ruxin, HAN Qin, CHEN Yuanyuan, WU Jing, YAN Dazhong, LIU Jun™, LI Xin™

(College of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan =~ 430023, China)

Abstract: This study attempted to improve the expression level of recombinant human lysozyme in Pichia pastoris by
co-expression of the chaperone protein disulfide isomerase (PDI) and the transcriptional activator of ferrous transport-1 (Aftl)
from P. pastoris. The constructed expression plasmids, pG418-PDI and pG418-Aftl, were linearized and integrated into the
genome of P. pastoris KM71-HLY through homologous recombination by electroporation. The positive transformants were
selected based on G418 resistance, yielding two recombinant strains, KM71-HLY-PG418-PDI and KM71-HLY-PG418-
Aftl. Shake flask fermentation was performed to analyze the expression level of HLY in the engineered yeasts. Experimental
results showed that KM71-HLY, KM71-HLY-pG418-PDI and KM71-HLY-pG418-Afi! all produced human lysozyme
(14.7 kDa) with inhibitory effects on Micrococcus lysodeik under the induction of methanol. These recombinant strains exhibited
only a slight difference in the cell growth at the early stage of induction. However, the biomasses of KM71-HLY-PG418-PDI
and KM71-HLY-PG418-Aft] were lower than that of KM71-HLY after 70 h and their optical density values (ODy ) at the
end of fermentation were 92.8% and 84.1% as compared to KM71-HLY, respectively. When induced by methanol for

XY TR

Wk H: 2019-03-05

FEWH: WA B8 TRZET I RITE 2 EETUH  (B2016080)

FEEERA: EEIT (1994—)
E-mail: XIOAFREEDOMO0819@163.com

SEEVEH RN X% (1966—)  (ORCID: 0000-0002-0646-2578) , 5,
E-mail: junliu8§5@163.com
7552 (1984—) (ORCID: 0000-0002-7025-6250) , 1,
E-mail: 1lixin084 @ 163.com

(ORCID: 0000-0001-7811-7418) , %, @Wi-L#rs4d:, W5 I7 AL FE S0 T4 .

RI#ER, W, BT ORI,

PRI, e, BRI A O TR



XY TR

Bz 2020, Vol.41, No.10

125

168 h, the yields of total secretory protein of KM71-HLY, KM71-HLY-PG418-PDI and KM71-HLY-PG418-Aft]
were 324.02, 350.87 and 474.8 mg/L, and the lysozyme activities of the fermentation supernatants were 34 880,
45 600 and 50 180 U/mL, respectively. As compared to KM71-HLY, KM71-HLY-PG418-PDI and KM71-HLY-
PG418-4ft] increased total secretory protein production by 8.3% and 46.5%, and extracellular lysozyme activity by
30.7% and 43.9%, respectively.

Keywords: human lysozyme; chaperone; transcriptional factor; co-expression; Pichia pastoris
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Y TR X A G A 2R T 24 M 1 1 5 5 45 B Sk B 2 (1
FN AT I KRB PR E Y 5 T Bl SOPR o B
R Ty BN - Tk PR R Jofi SREME /K AR R 0% /K A 4 R 4T R
HA-1 AWETFEE, ARG IR SR M S5 4, R4 TE £
AHAR S 2 A PR IR, T2 — Pl MR I 2 il S AR £
. NI B (human lysozyme, HLY) 58
EW GRS T B WG, H130 DBk A4 ml,
X4 700, &4 A R, 55T EIGlu35 A
AspS3HIER™ . HAT, 1735 LAY RV R R XS
HFIRIGRAES . ML T EEHEEE, HLY A mKA
Wid SRR e E, PUREE T RXS ERIE A 3 A5,
FRTHLY S B P aE 3850 55 Jy A b ios i 2h g,
PRI IR B A B N A . HLY %2R T R SRR . 4l
IS AER R, fl&ED, BEHLTHTER. ¥
LR TRER AR, AEF= EAITHLY 2 M e ix — ) B8 2%
FB.

E TR IREE L (Pichia pastoris) A BALARAE
BRI, 5T TR BaREEN . A RS SR
FA 4 4L Calcohol oxidase, AOX) JA&)F. HEXT A
VR BT R R B 2 AR, R RIA E A R
B RS, Goda%s “E IR RER SEIL THLY R I,
o BT 1 K iy e B 0 i AR E ME LA B RS2 . Zhou
Xiaoyu 5 i Ak 1k 46 AR AN v 2 P ANRL AR I, 5
BHLYLYZLO/E U 5o 7R e B p WA SR IE 30 LA P
R AW ETARI331 me/L. XD LSS LS v 4R
BERIAHLY, R A B B S 11551 430 U/mL. R4
SR Y SR R TR M, W o {55 T SRR
T PR EE R 7 A HEAT BEARAR AL, 725 LA BE /R B
TREB AW = A 8 B 183.02 g/l NFRARAEF= A,
W — b TR W R IAHLY 1K F .

T R e R R AR R R AR R R R AR
D ISHEOE S E G O R E IR YR 3 G e o
SR P, 4 H RSB A R E SIS
fEIRSOE": JRIE S F AR SR 7 Y fE A
TR g R 2 1 A B B S R A AR IR B Ly
Uk D b B A I R

I T8 I T AEAR 2 5 A R R R AR OK P I &L
FB. BB BB AN A o R AT S e
E o Wb i IR IR . P 5 I B T e ) il
(protein disulfide isomerase, PDI) J& K H i iLE H 8
FRMZDIRe R A BT, et R RO a TR B
JRAIEMIT E . BEFURE, PDIM I Fk RE1E N HE 7R B
FERIREE AT W RAE ST AR R S B o AR B AN
EARBAKT, HrREMINEE AR, HLY
B4, £ LRI IERIAPDL, WREA T H
HHLYE s, IR IEWT S L R, T He
o SR R BE AR B 2 HLY KF-

ok Rk e N R AR AME B A R IA K b —
BET-Br. B K1 e [F) I R 5 88 K3 B R 3 WA 1 AN [ 2R
F, A v RpE FE A MH E R 7). Guerfal
APV R IR B S K T Hacl, 2% 7 mIL-10%K (A ATk
R B E. AT Nrgl i RIAHE & TR A A
JREEE IR, DA PR Fab i BE2F5 [ 2 b e w2, b
IR B SR T Aft LI Rk, X EE AR BE bRk K H
Sphingopyxis sp. MTA1441F 3R TR R HAT R RLRL,  7E#b
RSB, FREREEEG /W AR T 2.5 A5

BT LB, AU ORI RIEHLY MIPDLA 3t
FISHLY AT () BRI BE TR B AR, 20 L3 IAPDIAN
AU B RR“HLY 52, DURIESHLY " &, JFR)E
Sk — D ST HLY SRR R A ). FRRHLY
A7 AT T AL
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1.1 MRS
L1l kS

Fik#HApPICZaA. pPICO9K % [HInvitrogen
AT WEEWMERE T ARMAED MO L K
F#DHSa. HEREEREKMT71. SRR TR wPRKM71-
HLY CEIEEZAHLY) MA SR 2 5 .
.12 . AA554

DNAR#| P V)l . DNA Marker (DL 2 000 %
DL 10 000) . PrimeSTAR Max DNAR & . DNA%
B, TTRKEMLIAIR (yeast nitrogen base without amino
acids, YNB) KiETaKaRana];  FURLHE B &
FE 5 M. (polymerase chain reaction, PCR) =4
[T . DNAJR ISR & 1 R ik DR 26 2 Bt 7).
& WAL, Tris. T REAERERAN. RIEE R, G418
BEER  REREERAYMAR EAKRERHY RKE
OxoidZA Fl: FIMiE&E AMAEN . S G250
t[EBiosharp Al s MG . H SOW T ETE. VU H 2
i EHESigmanFl; AR E Al

SV A TR ARG R, B HIERL.

E1  519pFEsl
Tablel Sequences of primer pairs used in this study

51 52l AL A
Pous 1 5'-AGTCGGATCCCGCTCTCCCTTATGCGACT-3' BamHI
Poysr 5"-AGTCCCATGGACTTGAAGTCGGACAGTGAG-3’ Neol
P 5'-AGTCTTCGAAACGATGCAATTCAACTGGGATATTAA-3' BspT1041
5'-AGTCGCGGCCGCTTAAAGCTCGTCGTGAGCGT-3 Notl
Puir  5'-AGCTTICGAAACGATGTCTTTGATTCCAGAGAAGA-3'  BspTI104I
Puir 5'-AGTCGCGGCCGCCTAGAACTTCATAAAGGCGTTG-3' Nofl
Piox.t 5'-GACTGGTTCCAATTGACAAGC-3'
Proxr 5"-GCAAATGGCATTCTGACATCC-3'

T R RIZR S BRI E A DT BRI B L A

1.1.3 Byt

Luria-Bertani (LB) 17323 HAMRIO g/L, EHEHE
H#5 g/, NaCl 10 g/L.

T LpE IR0k WERHR oM IR & 0% (yeast extract
peptone dextrose, YPD) KiFdk. BEREE ) iR %)
il ALl (yeast extract peptone dextrose with sorbitol,
YPDS) #5%E, HHMLZ M E 4 (buffered complex
medium containing glycerol, BMGY) }:7#3E. & LSS
& 4 (buffered complex medium containing methanol,
BMMY) 1577 Bt il f 35 9% )7 152 I EasySelect™ Pichia
Expression Kit/77%

12 a5k

TProfessional PCR{Y  ff [ Biometra/x @5 5417R

A EHEA % B 0L, Electroporator 2010 HL LAY

##[H Eppendorf A #]; DYY-6CHLIKIX . DYCZA S| H
SRk dEsS— {8 ;. GBox-HR-E-M#EK 5
A4 YiESyngeneAH] o

1.3 Jiik

1.3.1 ikt

PLpPICOK i B, 5 q:%PGMX-J:EPGMS-?%}Li t
RIEEILE TS, FBamHIFINcol g 1) R 1 B B,
TR 2 BamHIAI Neol g ) [FIUS (I pPICZo A AR, 7
i ApGa18.

R4 GenBank ' PDIEE A [T 51 (AJ302014.1) FlAft]
FEFH] (CP014715.1) Wi 51 ¥IPppy 1/ Pppr ¢ AP a1/
Parr PAERFREEREKM7 1S R H NARAR , 9734 H PDIE R
A IR Fy By I BspT104181 Not1 43 53 g 1) [B] U 47 484 1)
F B B EATE R B4 BspT 10418 No AR ] [F U I pG4 18
Ak, ME IR pG418-PDIFIpG418-Aftl .

132 ML R A B IREE R

53 ) FH Sacl i V) i RipG418-PDIFIpG418-Aft], ¥4k
PEAG RN B o R HL e AL R R B BEKM71-HLY « UG AH 5%
Ry HELS kV, BT E4 ms. B G, SCEIIMA
1 mLIKFA 1 mol/LiIli BEEE VA, FHR A WATIR ),
BATAE S G418YPDS TR £ (500 ug/mL) P, XH7E4
G418 YPDS IR A K I B V& A TPCRYT 1Y, S B 1%
.

133  HARKFHIRIE

MY PD V- Ak H 0 a4 1) B B 7 N6 25 mL
BMGY #5373 11250 mL=fF i+, 28 'C. 220 r/mink5
FEZ 0D pnfB N2~6. HHS 000 r/min 45 min, 7
FiEW. H25 mL BMMY E & F &, 2% AN250 mL—=f
A, IINTEK A HARFR > H080.5% . 28 C
220 t/miniE AT SR % BERE24 hia K573 oh R F R,
AR HCN0.5% . 5 FH48 000 t/min 505, B L
TR 2 AT
134  THRERREKFE5HT

FH A ot i Ak R BN - 5 DA M T e B i P UK (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) Xt T-F2 Bt R 1A MHLY #HAT 52 M 41
KH12% 53 B, SPmAie, HIKHIEL120 V, H
100 mA.,

FA BradfordiZ: "% 1 Fk = i A e 2 (1 EAT 2 A
BL 10%5 5 M 52 ¥ G250 W, RF100 uLFf A5 mL
# R G2503 W, S min, 5595 nmi K AR
HRE, LA I AR bR A % bR v 2R
1.3.5  HLYI& Jikai

ZEGB/T 30990—2014 I B if A I 778 B
TRV BETUER TR o 4 S I BE TR A LB P AR, R A4 ik
P EAHLY WS AT @ b . BUREE G, FH
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FREZ MR (pH 6.2) FikE4 i, X200 pLin N 2R A .
37 CHEF20 h, LA E KN

K FOlmo%5 " [y 7 vE I i EAIHLY 36 /1. LLIRBERL
BREAE R, 812450 nmik Kb B AR 1L
B B BTG 7o K I BETYORR A BERR Eh 22 v (pH 6.8)
PR R A0 N3, KRN EER2S CHRE, I
2.5 mLINF1 em BT L (LI, 7 1) B €2 LA BN 0.5 mL
MR IIRE &, TRAT, 58 B R SRR OERE o AT 4) b
450 nmi KA FE FEIR0.001 4 1 AN B TS 54
14 AR

K FHExcel 201070 #7404, Origin 8.5%: 1l 3

2 ZRESH

2.1 EABMARRRE

BamHI G418  Ncol

G418 /7 B
BamHIFINeol A fi 1)
5'40X1
BspT BspT
Lo~ PPI Non BspT104 10any, W1 Noil
PDIY B POAIS JAOXITT "y iy
Ncol \/ Notl

G418 BamHI

BspT1041RINoIXL Y]

Sacl

5'A0X1
BspT104[]
pG418- P
] PDI
G418 ‘Notl

Bl EHARCRRE

Fig.1  Construction of recombinant plasmids
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2321 bp
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M. DNA Marker DL2000; 1. pPIC9K PCR¥"
W 2. EALFRIPCRY 3 3. 5415k XA D)
2 pGHSEH TR L E
Fig.2  Identification of recombinant plasmid pG418
HAREOHELEL. ShRAES FIBER
(50 pg/mL) LB EAH R vE R 7%, AR

TR, FH I WIP G /P s, 0T 32 B 28 20 5 R K% S bt
pPICOKHATH 14, I H BamHIAI Neol i 7] $2 HX i) 25 25 5
i, g2, ME2RI &1, PCRY™ YA TR ) 4 66
#3311 604 bp B, 5 RMEFRER BN, H
T4 7 P B 4 R K /NS5 TUA3 925 bp— 3, F pG418/7
HLREEE L o

P 4 I PDIEE R FAS 1 B IR v B B p G418, H i HE
N IFRipG418-PDIMpG418-Afil e FPpp 1 /Popr AP arr. 1/
P a7 BN HE & R AR EE 25 LB AR b ) % A 3k
fTPCR%5E, I 1 BspT 104181 NotI i) 47 B f1 5 28 J5f kir
SERE3, B3AEM, EAFRPCRY M 5EEIE
F1 554 bpI Fr Bt, 5 LAKM7 13 R4 N BRI 38 ) PDI
B R Be RN TE] s BEI3BR B, E AL RIPCRY 1Y 5 il
TIA3 301 092 bpi) v B, 5 AKM71E: R 4 A1t d
HIARIF N P BORNHA] . IR, SE 4L kipG418-PDIA
pG418-AftIF Ty, FHZMFHEAT T #iE

A M 1 23

10 000 bp
7 000 bp

4000 bp

3906 bp
2000 bp

1554 bp

1 000 bp

750 bp

@

10 000 bp
7000 bp

4000 bp
3906 bp
2000 bp

1000 bp 1092 bp

750 bp

M. DNA Marker DL10000; 1. KM712& X 41PCRY”
W 2 A BURIPCRY™ MY s 3. EALFURDWED) o
3 EHARKPG418-PDI (A) FipG418-4fil (B) EEPIEsE
Fig.3  Identification of pG418-PDI (A) and pG418-Aft1 (B) by
enzymatic digestion with BspT104I and Norl

22 EHYEFREERE R

¥ pG418-PDIFIpG418-Aft] il Saclli ) £ 4k, 43 5
BB KMT71-HLY . X 7E 5 G418 YPDS AR A4
MG VE, TRIBGER A R, #EATPCR, %€ [HIER
T, ZRNE.
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A M 1 2 3

2000 bp
1750 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

2000 bp

1000 bp
750 bp

500 bp
250 bp

1288 bp

100 bp

A: M. DNA Marker DL2000; 1. KM71-HLY15E#; 2. pG418-PDIfFi Fi;
3. KM71-HLY-pG418-PDI T F£H#. B: M. DNA Marker DL2000; 1. KM71-
HLY15 LW 2. pG418-Afil fiki; 3. KM71-HLY-pG418-Aft] TF21% .
M4 TREKKM71-HLY-pG418-PDI (A) fu
KM71-HLY-pG418-4f¢1 (B) PCRLE
Identification of strains KM71-HLY-pG418-PDI (A) and
KM71-HLY-pG418-4fi1 (B) by PCR

Fig. 4

P /P aox- + P st 1/Paox.+73 I 3 pG418-PDIAN
pG418-Aft 1AL G AR B AL+, ¥ 38 v BEA1 750 bp
A1 288 bp, K/N5FWIpG418-PDIF ki 4 1 Fr B — %L,
1 AKM71-HLY £ K ZH N BRI AT AR R4 38 2% v s X9
B0 =B AT I, F S #E 2H R pG418-PDIFIpG4 18-
Aftl 5y VG EKMT1I-HLY 2R R4, 43 5145 B 3L R IA PDI
FAft1 TREBEPRKM71-HLY-pG418-PDIFIKM71-HLY-
pG418-Afil.

23 LREWKEESHLY KIS 7190t

M 1 2 3
200.0 kDa —— s

14.7 kDa
1. KM71-HLY; 2. KM71-

M. FIMarker;
HLY-pG418-PDI; 3. KM71-HLY-pG418-Afil.
5 TREFBHLYHSDS-PAGES T

SDS-PAGE analysis of HLY expression in recombinant strains

Fig. 5

XFKM71-HLY. KM71-HLY-pG418-PDIFIKM71-HLY-
pG418-Aft 1T B SRk . 5T 596 hit) K EER 2

Ly B F 35 1T SDS-PAGESM ¥, 3 #h LI E M S5
W 147 kDaE A 467, K/NSHLY 8 (F5) .

1. KM71-HLY &% S: 2. KM71-HLY f#i% S 3. KM71-HLY-
pG418-PDIF %5 ; 4. KMT71-HLY-pG418-Aft] F % S .
E6 ERELENEREERNEED

Fig. 6  Assay of antibacterial activity of fermentation broth by the

cylinder-plate method

K WA I T AR B R IA FIHLY 3 71, tHEl6w]
W, RN F R S KM71-HLY b3 WOR S 2030 5 .
KM71-HLY. KM71-HLY-pG418-PDIFIKM71-HLY -
pG418-Aft] 3 MEH®E P E T 5, H EHERH ™4
HLY, £~ b 308 S e R, 0 B B4R K43 i)
N17. 20 24 mm.

2.4 JLERIAPDIRTAfL R T2 B A= B 7= g 11 5 0

PR A K S U T A L L BT R k2. KMTL-
HLY. KM71-HLY-pG418-PDIFIKM71-HLY-pG418-Aft]
FERT70 WEKBEZERAK, BE/E3 M4 K A
F (E7A) o TEREEZ RIS, AR ODgg \mfl 75 H
33.87. 31.43. 28.47. I:FRIAPDIFIAf X Btk AEK 277
N, KM71-HLY-pG418-PDIFIKM71-HLY-
pG418-Aft ] R 1% B 4 W) 4y HINKMT1-HLY [1192.8% 5
84.1%.

TE R T 45 I, 3 B A 1) R b R B & 40 il
324.02. 350.87. 474.80 mg/L. KM71-HLY-pG418-Aftl
RSy WA B AN B B KMTI-HLY #2551 146.5%,
KM71-HLY-pG418-PDIffa4h 4 5 1 & 5 KM71-HLY % H
HEZES (K7B) .

%% S Al ZE K, KM71-HLY. KM71-HLY-
pG418-PDIFIKM71-HLY-pG418-Aft1 7= HLY iif 1% #i 1%
hn, REEE RS, 3 R LR B R BT P HLY 15 7118
#134 880 45 600 U/mLA150 180 U/mL (7C) . KM71-
HLY-pG418-PDIFIKMT71-HLY -pG418-Aft 1 i B 7173 3
B KM71-HLY$2E530.7%143.9% .

W20, KM71-HLY. KM71-HLY-pG418-PDI
MIKM71-HLY-pG418-Aft1 J /™ M b e F1 g L i /373 50
107 600~ 129 900 U/mgF1105 600 U/mg. AHX T 5% [ B
Pk, I FIAPDIN) AR E M ~HLY LR 7145 242
T K IE AL TREEARFT = HLY LB G 14 B AR
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Fig.7 Time courses of shake flask fermentation

F2 TIEERBREBSRIEHR
Table2 Biomass, total protein production and lysozyme activity of
recombinant strains at the end of shake flask fermentation

REAR  BEEL LN

(mg/L) (UmL) (U/mg)
33.87+£1.00 324.024£11.97 34 880£598.66 107 600
350.87£9.10  45600+1036.92 129900
4748£1731 50 180£226.28 105 600

%,H‘: 0D600 nm

KM71-HLY
KM71-HLY-pG418-PDI  31.43+1.43
KM71-HLY-pG418-Aft]  2847%0.51

33 #

BRI B B i AR IS AMIR B AL RE T, HAER N
KERIERINEE AT ICELR TS I REEN
JR P TEEE S b B Ak, s AN R I i RIA K
TR R A IER TS N iE M A RE & &,
ARG REW, 55168 hjh, KM71-HLY-pG418-PDI
TR WRANEE AR SKM71-HLY I8 & £ 5,
(B B v LU S 73 5 1 20.7%, Ak S 1R e T
30.7%, X S5PDU#ALER H 7T s e st A Bh T
F R AT S 1A 5 T RE— 2.

HILRIAPDIAIFE, KM71-HLY-pG418-Aft 15 KM71-
HLY W Ak =Ml Ahb o Bl A =18 1746.5%, S 5
KM71-HLY @R 1 T 43.9%, KIS 1 5KMT1-
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